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Abstract 

The most significant changes to the agricultural sector in the twentieth century 

include a sharp decline in employment and the numbers of farms, a decline in the 

proportion of total value that accrues to agricultural producers, and an increase in farm 

level and regional specialization.  Within the U.S., substantial differences in the 

characteristics of agricultural producers and the spatial distribution of production persist 

amid industry change.  These changes coincided with changes in global markets, 

domestic consumption, consolidation and concentration within the processing and 

retailing sectors, and government policy.  The causality that lies behind these 

developments is the key puzzle that this study addresses.   

This study advances an institutional explanation of industry formation across 

locations within the U.S.  Differences in industry constitution at the local level produce 

different impacts of and responses to global markets, reflected by economic changes and 

policy developments, as actors work to secure stability and advantage in markets 

(Fligstein 2001).  This study uses the global value chains’ definition of the industry, 

which incorporates the network of actors arrayed along a process of production, to 

capture the set of actors with the capacity to affect industry operation (Gereffi 1994).   

The primary objective of the study is an assessment of the relative importance of local 

economic characteristics, global markets, organization and coordination within industries, 

and government policies to where production locates.   



 

 

v

A contrast along the key theoretical perspectives is provided by the research site, 

the pork and non-cigar tobacco industries in strategic states within the United States from 

1959 through.  Within-case comparison is used to construct causal narratives of industry 

change at the state level.  Panel and pooled time series analysis assess the relative 

importance the factors to agricultural change. 

Local economic characteristics largely fade from significance with the inclusion 

of the theoretical perspectives.  Total and net trade in agricultural and manufactured 

products is generally significant across industries for production, although this is not the 

case for specific tobacco types.  The proportion of farms composed of small farms is 

significant for production and for farm structure in both industries.  The presence of 

manufacturers is significant for hog production but could not be assessed for the tobacco 

industry.  While federal policies are broadly significant for the tobacco industry, 

identified state policies exhibit few consistent effects for hog production.   Importantly, 

farm structure measures were only available for Census years, and the sample size for 

this analysis was reduced.  Second, many of the measures are industry-specific, which 

reduces comparability.
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1. Introduction and Literature Review  

The U.S. agricultural sector underwent dramatic change in operation, constitution, 

and organization throughout the twentieth century.  Among the most significant changes 

include a sharp decline in employment and the number of farms, an increase in capital 

investment, a general decline in the proportion of total value that accrues to agricultural 

producers, and an increase in farm level and regional specialization.  These changes not 

only coincided with substantial changes in the characteristics of producers and the 

locations of production, they coincided for many agricultural industries with changes in 

exposure to global markets, the magnitude of domestic consumption, consolidation and 

concentration within the processing sector, and changes in government policy. 

These developments produced a bifurcated system of many small, independent 

operators and few large farms that produce most food and fiber (Dimitri, Effland, and 

Conklin 2005; MacDonald and McBride 2009).  Survival of small farms in this 

environment is enabled by both off-farm labor and increasingly by contract farming 

arrangements that enable expansion at the cost of ownership (Fernandez-Cornejo 2007; 

Hoppe, MacDonald, and Korb 2010).  Although these developments exist in a policy 

context ideally protective of small producers, many accounts note that the vast majority 

of government benefits designed to assist small farmers go to large producers 

(Washington Post 2007; Cook 2010).  At both a general and industry-specific level, a 

substantial difference in the pace and extent of these changes exists across localities.  

Further, Pfeffer (1983) notes the causal connection between the characteristics of 

locations and the particular structure of agricultural production as producers work to 
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manage risk and manage farm labor (p. 560).  To provide one example from this study, 

the development of hog farming in North Carolina is almost exclusively due to the 

development of large, specialized operations.  While comparably large operations exist 

throughout the Midwest, small famers represent a substantial fraction of production. 

The causality that lies behind these developments is the key puzzle that this study 

addresses.  How is the impact of changes in global markets best characterized in its 

effects on farmers?  Did this impact act directly on producers or indirectly through 

processors?  Do changes among processors precede or follow changes in the agricultural 

sector?  As a sector with broad and extensive policy interventions in most countries, what 

is the causal relationship to economic developments, how are these interventions best 

characterized, and are these interventions more extensive than those present in other 

industries?  To what extent do states and localities shape agricultural industries in the 

American context?  On a methodological note, can different agricultural industries be 

usefully compared when few specific industry developments and measures are shared? 

This chapter details the research problem to be addressed and problematic aspects 

of agricultural industries.  The explanation advanced at the end of this chapter and the 

empirical work utilizes two key perspectives, the global commodity chains and the 

markets as politics perspectives.  For each, a general review of the perspective, a 

conceptualization of industries and actors, and the relation between the market and the 

state are discussed because of the linkage between the causal interpretations generated 

from a constructed history and the lens with which a set of facts is observed and sorted 

(Stryker 1990).  The literature review will also incorporate recent research within the 
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sociology of agriculture, the structural underpinnings of agricultural production and its 

relation to the societal division of labor (Newby 1983).  In this pursuit, the focus falls on 

macro level, structural characteristics of industries instead of the characteristics and 

decisions of farms at the micro level, although macro perspectives carry implications and 

assumptions at the micro level and vice versa.  This chapter concludes with an argument 

and a set of expected relations are advanced to guide the empirical portion of the study 

and for evaluation.  Some attention is devoted to case selection throughout this chapter, 

but this subject is discussed in more detail in chapter 2 and the empirical chapters. 

1.1 The Research Problem 

This project will ascertain why agricultural production relocates over time, why 

the structure of production varies across locations (Pfeffer 1983), and how these 

differences are linked to with changes in the organization and operation of the industry.  

Agriculture possesses several characteristics that contrast with other types of industries 

and present interesting causal questions for the study.  First, agricultural industries are to 

varying extents tied to the characteristics of particular pieces of land, which suggests that 

production will not move en masse without severe ecological disruption over the long 

term.  Climate and soil fertility, access to urban markets and transportation routes, and 

the consequent desirability of the land are far less mutable or replicable than labor or 

capital and are highly related to land values (Albrecht 1997:478).  However, the 

relationship between land characteristics, production, and value is complex.  For 

example, desirable land not only attracts production, but as discussed in chapter 5, 
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engenders higher levels partly because of the capitalization of commodity programs into 

land values. 

Second, little overlap is generally present in ownership between farming activities 

and other industry activities, although the extent varies by industry.  This suggests that 

manufacturers will possess little direct capacity to affect where farm production takes 

place.  Raup (1973) argues that corporate farms develop where labor is effectively 

replaced by capital (p. 278), where capital is particularly important to production, or 

where single farms are not able to achieve economies of size (p. 286).  Abundant land, 

low economies of size in most agricultural products, and support for operator-centric 

corporations and credit assistance after World War II accounts to some extent for the 

failure of this form of organization to diffuse broadly within the United States (p. 281-

285).  Amid organizational change, the last two points are especially important because 

they allowed for the mechanization of agriculture without reliance on manufacturers.  

However, most industries developed tight coordination through the formation of 

production or marketing contracts, which accomplish many of the same goals without 

explicit ownership.  Contract formation is expected to increase the indirect capacity of 

manufacturers to affect where production takes place over time. 

Third, many of the most substantial changes to the organization and global 

interaction of agricultural industries occurred in the last 50 to 75 years, despite their long 

histories of global interaction and industry coordination.  The number of farms peaked in 

the United States at nearly 7 million in 1935 (USDA 2003:34) and declined to about 2.2 

million by 2007.  Nearly 2 percent of the population was directly employed in agriculture 
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in 2000 compared with 21.5 percent in 1930 and 16 percent in 1945 (Dimitri, Effland, 

and Conklin 2005:2).  Trade in the postwar era is distinct in the presence of both 

intermediate and highly perishable agricultural products.  For example, as discussed in 

chapter 3, trade in live swine expanded beyond breeding livestock in the 1980s and trade 

in fresh pork cuts in the 1960s, though aggregate pork trade is comparable to its peak 

after World War I.  In many cases, changes in the organization of industries preceded or 

accompanied changes in trade patterns.  Consolidation among both processors and 

retailers reshaped the relation between agricultural producers and the rest of the industry, 

which carried consequences for trade.  Finally, the agricultural sector is the recipient of 

some of the most interventionist government policies despite its general competitiveness. 

This brief discussion raises several problematic or interesting issues, all related to 

causality.  Lower transportation costs and the increased capacity for trade, farm 

specialization, and increased capital and scientific investment all reduce the importance 

of the characteristics of particular pieces of land through the substitution of other factors 

of production and increased exposure to producers in other places.  However, a causal 

connection between these developments and the interests of strategic, rational industry 

actors is not clear.  Which set of actors drove each of these developments, and are these 

developments and their effects intentional or unanticipated?  Second, the relations among 

industry actors changed over time.  Specifically, the proportion of total value that accrued 

to farmers declined broadly, while the proportion that accrued to retailers rose.  In light of 

consolidation within each industry segment (Ollinger et al. 2005; MacDonald et al. 1999) 

and the increased influence of consumer preferences (Martinez and Stewart 2003), the 
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question of how these developments emerged and what, if any, connection they have with 

the alteration of the governance and distribution of resources within an industry is central 

to causal assessment.  Of special importance is the development and change in industry 

coordination through means other than direct ownership.  Third, the durability of 

agricultural policy amid general decline in the relative importance of agriculture to 

employment and the economy requires explanation.  The active promotion of export 

market development (Ackerman and Smith 1990) and the changes in the method of farm 

income support (Dimitri, Effland, and Conklin 2005:9-10) suggest a conflict between the 

farmer constituency, program costs and the taxpayer constituency, and the consumer 

constituency, the negative effects for which are reflected in price distortion and a general 

loss of global competitiveness.  Of interest to this study is why the balance between these 

priorities changed over time within a single industry.  Is there a relationship between 

changes in global markets and domestic agricultural policies?  How should policy be 

characterized and what is the causal connection to industry and societal actors? 

Where agricultural production touches down is best conceptualized as the product 

of industry formation and change as industry developments, characteristics of localities, 

and exogenous shocks interact.  The timing of these developments is crucial to the 

establishment of causality.  The relative importance of intra- and extra-industry actors, 

intra-industry coordination and power relations, and the characteristics of localities 

change over time as industry developments alter the importance of each of these factors 

as well as the behavior of the industry as a whole.  Critical characteristics are industry-

specific in many cases, which complicates the goal of generalized and broadly applicable 
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findings.  This study approaches the aggregation of industries through a comparative 

approach that is sensitive to the particular characteristics of each industry.  While 

measures and characteristics will vary, the comparative approach should inform the role 

that the state and its interests, industry actors, and societal actors in a broad sense.  The 

use of state-level analysis within the United States allows for further assessment of the 

causal impact of the state and of localities. 

1.2 Literature Review 

Why do differences in the characteristics of producers and of production exist and 

persist within a single national and industry context?  The literature review begins with a 

review of the markets as politics and global commodity chains perspective due to their 

importance to the observations that guide the research topic.  The conceptualization of 

industries, industry actors, and the relationship between markets and state action are of 

particular importance to the research question, and the perspectives do not necessarily 

conflict with respect to these points.   

The literature review concludes with a discussion of research perspectives of 

relevance to structural change and present within rural sociology.  Rural sociology is 

noteworthy in the role played by applied research and the lack of theoretical development 

prior to the 1970s and 1980s (Newby 1983; Buttel 2001).  In contrast to the traditional 

attention to rural communities and the conceptualization of rural society as fundamentally 

different from urban, recent attention to the structural characteristics of agriculture and 

agricultural industries and their relation to rural communities draws upon a variety of 

sources that includes the sociology of development, the rediscovery of classics, 
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particularly Marxist, and by the entry of a number of influential non-rural sociologists 

(Buttel 2001: 16), as well as dissatisfaction with spatial (Newby 1983) or technological 

reductionism (Lobao and Meyer 2001).  Current approaches differ from the grand 

theoretical explanations, generally Marxist, employed in the 1970s and 1980s due to the 

incorporation of both globalization and agribusiness, and due to the relatively important 

role played by detailed, case-specific description in the development of explanations and 

findings.  Theoretical coherence within the field declined amid a proliferation of research 

questions and approaches to the study of agricultural industries (Buttel 2001).  However, 

this change also confines the period in which relevant literature exists to the last 20 years. 

1.2.1 The General Theoretical Perspectives 

 The global commodity chains perspective incorporates a “nuanced analysis of 

world-economic spatial inequalities in terms of differential access to markets and 

resources,” and is especially oriented toward the elaboration of the “macro-micro links 

between processes that are generally assumed to be discretely contained within global, 

national, and local units of analysis” (Gereffi, Korzeniewicz, and Korzeniewicz 1994:2).  

Industries and industry actors connect the global, national, and local by strategically 

touching down in locations that contain particular economic and social characteristics 

(Gereffi 1994:113), which brings these localities into closer competitive proximity and 

carries the potential for both developmental effects for the specific location and effects on 

the organization and distribution of resources within an industry.   

 A global value chain contains three main components: a network of firms 

organized into a productive process, a spatial dispersion of productive activities and 
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firms, and a governance structure that establishes a hierarchy among actors and 

determines where resources accrue (p. 96).  Industry organization, power and authority 

among industry actors, and space interact in a context specific to the history of industry 

under investigation.  Over time, the distribution of resources, the power relations among 

industry actors, and the distribution of productive activities across specific sets of firms 

change as actors interact with each other, with end markets and trade partners, and within 

the spatial and organizational context of the industry.  Industry governance generally falls 

to the industry segment where relative scarcity in factors of production is present (p. 96).  

However, whether coordination is effected through direct ownership, tight cooperation, 

or coordination among autonomous firms largely depends on the relative capabilities of 

other industry actors and the characteristics of the productive process (Gereffi, 

Humphrey, and Sturgeon 2005).  Exogenous changes like the retail revolution or the 

expansion in the potential for trade due to technological development can reshape the 

relations across many industries (Gereffi 1994; Dicken 2003).  Aside from the causal 

impact of such historical context, the product of interactions of different types among 

industry segments as they work to secure advantage is industry-specific in its evolution. 

  The markets as politics perspective offers two causal underpinnings not directly 

investigated by the global commodity chains perspective.  First, this institutional 

approach directly connects legal structures and state actions to the interests of economic 

actors through the formation of state policy and action; firms work to secure advantage, 

survival, and market stability (Fligstein 1996, 2001).  These goals are threatened at times, 

for example during periods of widespread economic crisis, market reorganization and the 
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invasion of previously illegitimate market participants, or following state actions that 

undermine order (Fligstein 2001:83).  Firms are variously able or willing to adapt to 

market change, although the implication of a market crisis is that the social order among 

the recognized set of industry participants cannot survive intact.  As the state is crucial to 

the formation and enforcement of rules that govern economic interaction as well as the 

legitimate arbiter of conflicts (Fligstein 2001:36-39; Dobbin 1994), it is a frequent target 

for political action.  States vary with respect to the capacity for intervention, the priorities 

that apply to intervention that are held by the state, historical patterns of state action, and 

the susceptibility to international economic or political pressure that is faced by the state 

and its economy (Fligstein 1996:661-662; Dobbin 1994; Evans 1995).  As such, action is 

path dependent and varies across states and over time (Fligstein 2001). 

 Second, rules, market arrangements, and state actions imperfectly reflect power 

relations within an industry or economy because of the path dependent nature of policy 

and the imperfect relation between the origins and effects of specific policies or state 

actions (Fligstein 2001:28).  Broad economic crises are relatively infrequent, but 

disruptions to the social order of specific markets are relatively constant and elicit action 

by the state.  In turn, the rules that result may affect markets in addition to that intended.  

Intended or not, the characterization of the concrete rules and actions that form for a 

particular market depend upon how a crisis is precipitated and resolved.  As with the 

global commodity chains perspective, this perspective relies on rich description and close 

attention to context-specific developments for the assessment of causality and the 

formation of expectations with respect to effects for industry actors.  For example, 
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whether a policy development follows the introduction of large firms and the failure of 

small firms, a change in global trade patterns, a state action that does not originate in 

relation to the industry, or another cause will affect the interpretation of social relations 

among firms, the organization of a market, and causality.  At a broad level, policy and 

state action tends to be path dependent and stable (Fligstein 2001:87; Dobbin 1994).  To 

what extent these national cultures of control are reflected at the level of specific markets 

and to what extent market-specific policies depart from broad trends is not known.  

Departures from expectations due to differences between market- and economy-wide 

policies are likely. 

 The importance of the identified factors of and contrasts between the perspectives 

are meaningful within the context of the research site.  This study compares the 

development of two agricultural industries, the non-cigar tobacco and pork industries, 

between 1958 and 2005.  The time period captures substantial changes in the organization 

and operation of both industries and for agriculture in general.  In particular, farm level 

specialization into an average of about one crop and the growth of average farm size 

altered the viability of family farming as an occupation.  The period also captures the 

most recent wave of globalization (Dimitri, Effland, and Conklin 2005:7), distinctive in 

its goal of integration of diverse localities within “the realm of a common dynamic” 

(McMichael 1996:27) and the functionality of this integration at the level of industries 

across national borders (Dicken 2003).  The combination allows for an assessment of the 

role played by global markets in agricultural change.  Each of the industries is composed 

of several types of primary industry actors, namely farmers, manufacturers or processors, 
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and retailers.  The inclusion of industries that may possess a strong role for manufacturers 

allows for an assessment of the relative importance of changes within manufacturing and 

retailing or end markets to agricultural change.  Differences across industries in the 

timing of changes among manufacturers allows for comparative causal assessment.  

Finally, the study analyzes industries at the state level through the strategic selection of 

states within the United States in order to capture variation in the characteristics of 

agricultural production and to enable an assessment of institutional variation produced by 

both local differences in industry configurations and state policies and priorities when 

significant to the industry (DuPris 1993; Metcalfe 2000a; Jacoby and Schneider 2001).   

1.2.2 Theoretical Concepts 

The conceptualization of industries and industry actors and the relation between 

the state in relation to markets are two key issues for these perspectives.  This study 

conceptualizes industries as fields of interaction among a set of firms that are related to 

one another through ties of competition or collaboration within a process of production.  

This definition captures both the social structures that form between related actors (White 

1981:518; Fligstein 2001:31) and the power relations that exist between sets of industry 

actors that interact in the productive process (Gereffi and Korzeniewicz 1994; 

Williamson 1985).  Institutional explanations, including the markets as politics 

perspective, emphasize the “rule-like, social fact” quality that pattern relations between 

firms that see one another as members of a specific field (Zucker 1987:444; Meyer and 

Rowan 1977; DiMaggio and Powell 1983).  The formation of that field is a cultural 

project that evolves through interaction and produces a conception of the market and a 
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social order among participants (Fligstein 2001:29; Martin 2003).  The markets as 

politics perspective emphasizes peers as the constituents of markets and the social order.  

By contrast, the global commodity chains perspective emphasizes the role relations 

between industry segments, such as farming and manufacturing, plays in addition to 

competitive or collaborative relations within each segment (Gereffi and Korzeniewicz 

1994; Gereffi, Humphrey, and Sturgeon 2005).  Whereas the constitution of the field 

represents a cultural project for the markets as politics perspective, it represents the 

outcome of the productive process and the iterative, strategic decisions made by industry 

actors as they pursue advantage through spatial relocation, through alteration of relations 

with other segments, or through competition with other actors (Gereffi 2001).   

Second, whereas the goal of action for the global commodity chains perspective is 

the development of intra-industry advantage as a means to a competitive position, action 

is motivated by the need for stability and firm survival for the markets as politics 

perspective (Fligstein 1996:657).  The perspectives may produce identical expectations at 

an empirical level, but the rationales with which firms operate vary.  In addition to the 

involvement of the state, discussed below, a difference in the persistence of action is 

suggested.  Action is persistent but limited by the context of the productive process for 

the global commodity chains perspective but is intermittent, motivated by economic or 

social disruption, and confined to the social order for the markets as politics perspective.   

The broad conceptualization of the industry and the selection of specific locations 

within the United States raise two issues for the study.  First, industry segments may 

globalize at different rates and to different extents, but the reasons why may differ 
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between the perspectives.  Segments are variously competitive as firms “plug into” global 

production networks (Bair and Gereffi 2001).  In addition to competitiveness, however, 

globalization also represents one of many competitive strategies.  For example, 

processors may choose to import raw materials from abroad, which would place price 

pressure on domestic producers.  Differences in economic impact at the local level are 

expected to be directly related to the interaction between industry changes and the 

presence of the industry segments at the local level.  By contrast, the impact of 

globalization is not expected to be uniform for the markets as politics perspective due to 

differences in the histories of institutional formation across specific locations (Hamilton 

and Biggart 1988; Biggart and Guillén 1999).  The constitution and structure of the 

industry as well as state policies and actions will possess path dependent characteristics 

and will mediate the impact of globalization.  For firms, differences in the interests and 

actions of similar actors across institutional environments would be an outcome of 

differences in institutional formation.  In the global commodity chains perspective, 

however, firms are arrayed into global industries, a context that grows more salient over 

time and contains the potential to affect local particularities through competition and 

specialization.  

Second, as globalization develops through the actions of firms as they reshape 

production and intra-industry relations (Gereffi 1994), higher levels of globalization may 

entail a cost to some actors in the industry.  This draws attention not only to the 

magnitude of globalization, but to which actors drive change and take advantage of 

expanded markets.  Causal assessment of the relation between globalization and the 
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structure and location of agriculture requires the incorporation of other actors that directly 

impact the operation of the industry.  The definition of the industry provided above 

incorporates the global commodity chains’ conception of the industry but also 

incorporates the potentially important role played by political actors. 

The state is conceptualized as a dominant economic actor that exists at multiple 

levels of authority, contains its own interests but is susceptible to the actions of societal 

actors, and acts within the confines of an institutionalized role.  The markets as politics 

perspective, and institutional theories generally, attributes to the state a central role in the 

operation of markets that descends from the development of capitalism and the efforts of 

the state to build its authority and to solve problems (Fligstein 2001; Dobbin 1994).  Over 

time, the state legitimizes its involvement as an arbiter, as an allocator of resources and 

rights, and as a regulator through the products of attendance to market developments.   

This conceptualization complicates the discussion of the interaction between 

economic actors and the state discussed above in several ways.  First, the capacity of 

states to intervene and the characteristics of that intervention is in part the product of the 

institutional history that applies to a particular situation, be it national or narrowly 

targeted toward specific industries or actors (Hall and Soskice 2001; Hamilton and 

Biggart 1988; Dobbin 1994; Fligstein 2001).  Second and related, legitimate authority to 

act and the goals of action are shared in the context of the United States between national, 

state, and local authorities.  Substantial authority is accorded to state or local level 

governments for issues that relate to agricultural production, although the capacity to 

affect the spatial distribution of productive activities varies widely across particular 
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commodities (DuPris 1993; Metcalfe 2000b; Bowers, Rasmussen, and Gladys 1984).  As 

particular locations vary with respect to the constitution of a specific industry, any 

authority divested to state or local levels contain the potential to produce institutional 

differences enshrined in law or policy if economic or societal actors possess a formative 

role in policy generation, which this study argues.  Finally, institutions shape the 

interpretation of particular problems and produce path-dependent effects on subsequent 

intervention (Dobbin 1994).  This suggests that the interests of states will depend on the 

configuration of interests at the relevant level of authority, will be stable over time absent 

major crisis (Fligstein 2001), and will vary at a spatial level.  

Though not a substantial focus within global commodity chains research, the state 

possesses a role in industry organization and operation that is somewhat compatible with 

the markets as politics perspective.  Early research attended to the connection between 

how states achieved or approached developmental goals and the compatibility between 

these goals and the global organization of industries (Gereffi 1994).  Recent attention to 

the interaction between policymakers and industry leaders and attention to the importance 

of sub-national policymakers to development helps to clarify the conception offered by 

this perspective (Rothstein 2005).  Policymakers are strategic in orientation and, perhaps 

reflecting the strong orientation to the study of development, possess clear developmental 

goals.  States pursue these goals through many means and with many policy instruments, 

including local content requirements, trade restrictions or openness, and assistance to 

firms willing to locate within the host nation (Rothstein 2005; Gereffi 1994).  As the 

perspective is oriented toward the study of development, it is not clear to what extent the 
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goals of state action are isolated from the economic or societal context; are 

developmental goals as high a priority within advanced industrial countries, for example?  

More commonly, the state is treated as a context within which industries operate (Lowe 

and Gereffi 2008; Lowe and Gereffi 2009).  Finally and as noted above, the timing and 

persistence of action is also relevant to states, although it is not a primary point of 

emphasis.  The markets as politics perspective would link policy formation to the 

disruption of market orders or the introduction of new societal parties to policy 

formation.  This implies that policy forms intermittently.  By contrast, the timing of 

policy formation is unclear with respect to the global commodity chains perspective.   

The causal connection between policy, industry actors, and the societal and 

political context is the subject of chapter 5.  Included policies possess the potential to 

produce variation across states in economic or structural impact and at least indirectly 

target the industry to which they apply.  The broad array of policy that may produce 

variation precludes discussion of the formative process in detail for each state.  Instead, a 

general rationale for each policy is offered and followed by the timing of adoption and 

variation from a general form.  The structure of the price support program is the single 

most important issue for the tobacco industry because of the profitable nature of tobacco 

production under support and because of the changing relationship between quota owners 

and tobacco growers (Gale Jr., Foreman, and Capehart 2000).  Comparable federal policy 

for the pork industry did not exist during the study period.  However, state policy can be 

divided between policy that is directly related to the pork industry and policy that applies 

to agriculture generally but possesses a special impact to pork because of the specific 
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characteristics of hog farming.  Policies specific to the industry include the creation of 

moratoria on new farms or farm expansion, environmental stringency, and in some cases 

the development of contract regulation and the allowance of vertical integration between 

feedlots and packers.  In most cases, these policies developed once structural change was 

underway.  Bans on corporate farms, right to farm laws, and right to work laws are not 

specific to the pork industry but may directly or indirectly affect the location of the 

industry.  For both industries, agriculture as a proportion of the state’s economy is 

included as a measure of the institutional environment.  Trade policy is relatively 

unimportant for both industries, and in this respect, these industries are unrepresentative 

of agriculture generally.  The PL 480 program is the largest outlet for American 

production over the study period and is linked closely to the Commodity Credit 

Corporation, the instrument by which the government executed price support policy 

(Ackerman and Smith 1990).  Pork did not possess price supports and tobacco was 

neither a food product nor uncompetitive for most of the study period. 

1.2.3 Approaches in the Sociology of Agriculture 

 Newby (1983) defines the sociology of agriculture as the study of social change 

within rural communities as a product of structural changes in agricultural production (p. 

68).  The connection between production and rural communities only received attention 

in the United States prior to the 1930s-1940s and after its revitalization in the 1970s.  

Between these periods, the characteristics and changes within rural communities were 

interpreted from a social-psychological basis that distinguished the patterns of social 

relations that existed in rural communities from those that existed in urban communities.  
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Both Tönnies’ Gemeinschaft and Gesellschaft and Sorokin and Zimmerman’s 

codification of the rural-urban continuum in Principles of Rural-Urban Sociology (1929) 

perceived differences in outcomes and characteristics of interest as a spatial phenomenon, 

a product of differences in societal organization among communities (Buttel 2001:14; 

Newby 1983:69).  Newby also points to the importance of the institutional setting of 

sociological research into rural communities for the insularity of the field.  Researchers in 

the land-grant universities, where rural studies were principally located, were disposed 

toward applied work, were oriented toward the perception of social problems and 

especially inefficiency in agriculture, and thus were both insulated from sociological 

developments at an institutional level and especially susceptible to the political 

ramifications of research (Newby 1983:69, 74).  While some research carried 

consequences for structure, especially research on technological development, a critical 

perspective to science’s effects on rural communities was not recognized (Newby 

1983:72; Lobao and Meyer 2001:110). 

 The reevaluation of research approaches followed a number of important 

developments including skepticism of positive impacts of technology on rural 

communities (Buttel 2001:14), a broad turn toward critical perspectives within sociology 

(p. 14), critical research legitimated by the Agribusiness Accountability Project, a joint 

endeavor of several public interest groups (p. 14), the entry of non-rural sociologists into 

the field (p. 16), and more broadly, the failure to develop a replacement for the rural-

urban continuum as well as the failure to explain or address the erosion of the traditional 

structure of farm activity following World War II (Newby 1983:70-71).  To some extent, 
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the rediscovery of structural inquiry is similar to early Marxist and Weberian treatments 

of the subject, though as Newby notes, most early treatments were problematic because 

of the focus on industrial society and the transformation from traditional, read rural, 

social relations (Newby 1983:75-76).   

Newby argues that class analysis and an orientation toward different types of 

questions carried substantial relevance to the present day.  Kautsky and Lenin, in 

particular, focused attention on structural change through their inquiries into the survival 

of small, independent farmers during capitalist development (p. 76).  Kautsky observed 

that small farmers survived within an integrated industry controlled by corporations, and 

that agricultural capitalist development possessed a different basis from industrial 

capitalist development, namely land as a factor of production (p. 76).  While Lenin’s 

effort to understand the survival of small farms is not highly regarded, his observations 

that capitalist development would not mean rapid centralization of production, but instead 

would mean the desegregation of peasant labor into farm and non-farm activities drew 

attention to the creation of part-time farming and off-farm labor to farm survival (p. 76). 

 The neo-Marxist reinterpretation of rural sociology was also facilitated by the 

growing awareness of the global and interconnected nature of production as well as 

substantial cross-fertilization with development studies (Buttel 2001:16).  In fact, an odd 

parallel between the rise of a critical perspective toward technology within rural 

sociology and the decline of the modernization perspective in developmental sociology 

predates a clear connection between the fields.  The neo-Marxist perspective was 

diversely employed toward explanations of the structural role of small producers in 
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capitalist societies, the connection between the character of agricultural work and the 

survival of small farms, the changes to the household division of labor and especially the 

introduction of women to agricultural production, and the relative deprivation of small 

farmers compared with agricultural capitalists (p. 18-19).  However, this approach 

declined in the late 1980s and early 1990s due to several factors.  Buttel argues that, 

among other factors, the collapse of socialist states, the teleological nature of Marxist 

argument, the rise of globalization in simultaneous and differentiated forms, a renewed 

interest in cultural and institutional alternatives to Marxist interpretations, and the nation-

state’s loss of primacy as the unit of analysis delegitimized Marxist ideas within this field 

(p. 19-20).  In fact, a similar loss of legitimacy for dependency theory also occurred 

within developmental sociology due in part to the advent of a global conception of 

economic order and the Washington Consensus, but also the problems inherent to 

Marxist-oriented theories (Biggart and Guillén 1999; McMichael 1996, 2000; Booth 

1985). 

 Both Lobao and Meyer (2001) and Buttel (2001) give little weight to the 

importance of these studies to contemporary research within rural sociology for several 

reasons.  Contemporary research is relatively attentive to the interaction between local or 

national production and globalization, the characteristics of nonagricultural actors within 

agribusiness industries, and the importance of history and context to differences across 

specific commodities.  The proliferation of research topics that accompanied the 

incorporation of globalization and agribusiness, the general move toward lower levels of 

conceptual analysis (Lobao and Meyer 2001:111), and the incorporation of the sociology 
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of development fragmented research into four primary avenues that differed by 

methodology or theoretical perspective, though with considerable overlap (Buttel 2001).  

To situate the global commodity chains and markets as politics perspectives within 

agricultural sociology, this section briefly discusses the systemic and historical research 

of food regimes, the global agri-food commodity chains or systems tradition, the neo-

regulationist approach, and the neo-Latourian actor-network approach (p. 21-22).  The 

neoclassical approach that Lobao and Meyer (2001) identify as dominant among political 

economy studies of agriculture and use as a foil for sociological perspectives, is described 

as a comparison for this study: 

[T]he present farming system is socially desirable; individuals’ behavior is guided 
by rational-choice decision-making; and human capital factors and life-style 
choices explain why families remain on nonviable units.  The historical trend of 
larger and fewer farms results from natural market competition in an industry 
where domestic demand is inelastic.  […]  Some farmers outperform others by 
using more advanced technologies and achieving economies of scale.  
Displacement of farmers from farming, in effect, is an indicator of the system’s 
success. (p. 110) 
 

While sociological perspectives do not necessarily exist in complete opposition to the 

neoclassical perspective, they raise the importance of role relationships within industries, 

the importance of social organization at the local and regional level, state action, and the 

social origins of technology to economic outcomes and variation (Lobao and Meyer 

2001:111-113; Pfeffer 1983).   

 A global food regime is the structure of agricultural production and consumption 

that forms around a specific configuration of rules and a conceptualization of how 

relations between national actors operate (McMichael 2009).  At a global level, explicit 

and implicit rules pattern agricultural exchanges and the relations between states, while at 
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a micro level, they link producers to a global, structured context that mediates outcomes 

and a division of labor that differs across periods of capitalist accumulation (Friedmann 

and McMichael 1989).  Food regimes historicize rule structures within specific historical 

eras, promote a typology of states that is functional in orientation and similar to the core-

periphery dichotomy within world systems theory, and causally connects the emergence 

of new food regimes to the effects of and emergent contradictions within the previous 

regime (McMichael 2009:145).  The central problematic for the perspective is the 

connection between changes within agriculture at the national and global levels, the 

patterns of exchange between nation-states, and the inherently political nature of the 

organization of the food regime (McMichael 2000:59-60; McMichael 2009). 

 Several points contrast to varying extents with the other perspectives discussed.  

First, this perspective is the most historically contingent in its situation of food regimes 

within specific configurations of actors and rules.  McMichael (2009) identifies three 

food regimes: the Europe-centric regime between 1870 and the 1930s, the U.S.-centric 

regime between the 1950s and the 1970s, and an emergent regime beginning in the late 

1980s that incorporates new regions while it displaces small farmers (p. 141-142).  

Second, this perspective is the most closely tied to the sociology of development due to 

its study of the connections between core and peripheral territories.  Regimes vary the 

character of global linkages and consequent impacts on development.  For example, the 

first food regime delineated the provision of particular commodities between two types of 

territories: tropical colonies and the temperate, settler colonies.  As Britain developed into 

the workshop of the world, the colonies diverged.  Tropical colonies reproduced a 
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colonial division of labor, while settler colonies produced an internal system of labor that 

separated agricultural production from a nascent but connected industrial base oriented 

toward agricultural development (p. 145).  The emergence of the second food regime in 

the 1950s drew heavily on the characteristics of this formation; intensive cultivation and 

modern methods were accepted as facts in the “development project,” and the intensive 

nature of foodstuff production in the settler states provided both a material means and a 

policy impetus to undertake Third World development (McMichael 2009:145; 

McMichael 2000).  The last point underscores a third contrast, the interconnection 

between structure and policy objectives as a system evolves over time.  Perhaps more 

than the other traditions, food regimes casually connect the state to its position in global 

food provision and the structural conditions faced by core nations, manifested through 

political action.  In the second food regime, for example, the promotion of modern 

methods and intensive production in the developing world, food aid as central to 

development, and export promotion emerged from chronic oversupply, commodity-

specific price supports for rural communities, and the perceived importance of science to 

modernization (McMichael 2009:145-146). 

 Recent research addresses aspects of the principal strength and weakness of the 

perspective, the general and systemic treatment of agriculture and its connection to 

political action.  Whether current developments constitute aspects of a third food regime 

or the vestiges of the contradictions of the second regime remains a point of debate 

(McMichael 2009).  This issue focused attention on the roles played by inter-

governmental and non-governmental actors in the regulation of the current system 
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(McMichael 2009; Busch and Bain 2004).  In addition, the parallels with the regulations 

and conventions schools, discussed below, draw attention to the transition from the 

Fordist emphasis on mass production toward the post-Fordist emphasis on quality and 

difference.  In contrast to the homogenizing force of recent trade and standards regimes, 

the post-Fordist system produces “food from somewhere,” the bundling of cultural and 

ecological characteristics deemed unique to commodities through information flows that 

grant value (Campbell 2009).  Two aspects of this study limit the applicability of this 

perspective as a lens as it is presently constructed.  First, while the study period 

encompasses the transition between two food regimes, neither of the industries played a 

central role in these regimes compared with bulk commodities.  Food aid programs 

generally involved only feed and bulk grains; meat products were only involved on a 

minor scale and tobacco was not included.  Second, while the focus on the global level of 

analysis is relaxed in recent literature, the perspective remains insufficiently developed 

for exploration of policy at the sub-national level of analysis of interest in this study. 

 The regulation literature is highly similar to food regimes in its early, macro-level 

focus on forms of regulation and their relation to modes of capitalist accumulation.  

Initial research focused on the connections between the transition to post-Fordism, and 

regulation at the macro level, but as Buttel (2001) notes, critique of these concepts shifted 

attention toward the micro-level interactions with chains of production (p. 26-27).  The 

transition to a post-Fordist regime depended on the growth in global exchange, state 

deregulation and consumer demand for non-standard commodities (Busch and Bain 

2004).  Though the food regimes literature recently incorporates the transition to post-
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Fordism, its recent introduction stands in contrast to the central position of the 

organization of capitalist accumulation within the regulationist literature.  The neo-

regulationist and convention literatures shift attention respectively to the broad 

characteristics of institutions that form to establish economic coordination and how 

economic coordination is established at the actor level, both given the assumption of the 

incomplete contract (Wilkinson 1997:308, 317).  Institutions that produce coordination 

are conceptualized similarly to those of the new institutional economics associated with 

Williamson (p. 310-311).  While the strong causal portrayal of the dominant form of 

capitalist accumulation is not widely employed in the neo-regulationist literature, its 

impact on emergent institutional forms remains a crucial focus. 

 Both the food regime and regulationist literatures turned from an explicit focus on 

the systemic level, but the regulationist perspective is not coherent with respect to its 

interpretation of the effects of globalization and post-Fordism (Buttel 2001).  Individual 

or classes of actors are able to contest or situate themselves within an emergent social 

order in many of these strands, an argument that Constance and Bonanno (1999) offer as 

distinct from the erosion of the state implied by the emergent, post-Fordist third food 

regime.  Consequently, departures from the homogenizing effects of global integration, 

the shape of economic regulation in the post-Fordist era, and the process whereby actors 

situate themselves within the global context represent the most important research topics 

in this perspective (Constance and Bonanno 1999; Marsden 1999; Marsden, Banks, and 

Bristow 2000).  Though actors are strategic both in this and the global commodity chains 

perspectives, the capacity to depart from the modal form of organization is cast as an 
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emphasis on responsibilities within the industry (Marsden, Banks, and Bristow 2000).  

This reflects the attention the perspective devotes to the transition to post-Fordism and 

may run the risk of assumption of consumer interests in some cases. 

 The actor-network, neo-Latourian school is referred to by Buttel (2001) as a 

“methodological injunction” because it problematizes the origins of many of the concepts 

employed in sociological research, such as organizations, power, and outcomes.  This 

perspective argues that institutions and other social phenomena are the product of 

networks of materials, both social and inanimate, that are interacted to produce and 

mediate the social world (Law 1992).  The processes by which actors translate materials 

into social phenomena operate at a local level and are the topic of interest to this school.  

As with the conventions school, the actor network perspective realigned research toward 

the micro-level processes that underlie the interaction between actors, consumers, and 

globalization.  Further, the research focus shifted toward a nuanced understanding of the 

formative process that underlies agricultural structures and the cultural characteristics of 

commodities.  This perspective is especially important to the regulationist school, the 

introduction of culture into agriculture, and the introduction of consumers (Buttel 2001). 

 Commodity systems or chains research is arguably the most diverse of the four 

perspectives with respect to conceptual underpinnings, and its application of the meso 

level of analysis represented by industries beyond this perspective is widespread.  

Commodity chains research is not coherent because the bases of development of the 

approaches vary by research subject and field.  Raikes, Jensen, and Ponte (2000) note the 

divergence between the global commodity chains approach, which emerged in 
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conjunction with world systems theory and was initially oriented toward industry 

commodity chains, and the filière approach’s orientation toward empirical description, 

price formation, and application to agriculture and to the relationship between France and 

its colonies (Raikes, Jensen, and Ponte 2000:391; Hughes and Reimer 2004:2).  A third 

approach, commodity systems analysis, is similar in methodology to these approaches but 

is specifically oriented toward the construction of an understanding of globalization’s 

impact on agriculture and originated within rural sociology (Friedland 1984, 2001, 2004).  

Finally, the usage of industry-level investigation within other traditions, such as those 

above (e.g. Marsden, Banks and Bristow 2000; Constance and Bonanno 2000), suggest 

that the importance of the commodity chains tool is methodological more than theoretical 

(Buttel 2001). 

 The filière approach is not unified with respect to theoretical basis or the topic of 

interest, which casts the approach as a methodological contribution rather than a 

consistent approach to the sociology of agriculture (Raikes, Jensen, and Ponte 2000:403).  

However, contributions from the regulationist and convention literatures, as noted above, 

altered the analysis of agricultural systems toward the industry level and associated 

organizational changes during the transition to post-Fordism (p. 407-409).  Similarly, the 

commodity systems methodology is also oriented toward the field as a methodology.  As 

noted by Friedland (2001), “[a] peculiarity of commodity and commodity systems studies 

has been that they often begin with either an empirical or a social problem.  It is the 

problematic that drives the research more often than theoretical preoccupations” (p. 84).  

The advantage to this approach is the relevance to a number of topics not addressed or 
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recently addressed by the global commodity chains literature, such as the social causes of 

industry developments like mechanization, the role of labor in the productive process, 

and specific formulations for the incorporation of culture and consumers into industry 

structures (p. 83, 85-86).  However, this advantage is offset by the relative lack of a 

systematic conceptual treatment of industry concepts and causal connections. 

 As discussed above, the global commodity chains perspective contains a general 

conception of industry operation and causality that structures the analysis of industries, 

actors, and territories.  Specific to agriculture, traditional topics of applications include 

the prospects for development given participation within a global industry context that 

possesses a specific form of industry governance (Dolan 2004; Dolan and Humphrey 

2000), the effects of governance or changes in governance on industry and societal actors 

(Gereffi, Lee, and Christian 2009), and case study or comparative approaches to the 

empirical operation of industries and industry actors (Lowe and Gereffi 2008; Lowe and 

Gereffi; 2009; Pelizzon 1994).  Methodological developments within this perspective 

include refinement of governance forms (Gereffi, Humphrey, and Sturgeon 2005), 

limited incorporation of an interaction between industry structure and regulation forms 

(Gereffi and Lee 2009), and the incorporation of a somewhat cultural conception of 

commodities through the incorporation of labels and other characteristics conveyed 

through information flows (Raynolds 2002; Marsden, Banks, and Bristow 2000). 

 This study utilizes the global commodity chains perspective with special attention 

to two particular issues.  First, this study expects variation in the structure of agricultural 

producers at a subnational level due to historical development and variation in socio-
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spatial characteristics of importance to industry actors.  The emergence or alteration of 

global exposure will produce different patterns of change at the local level because 

interaction with exposure will depend on the constitution and characteristics of the 

industry at that location.  Second, the extent to which the presence of actors in other 

industry segments affects agricultural producers is a relatively uninvestigated question in 

this perspective.  Does the historical presence of these other actors lead to differences in 

the characteristics of the farming stage of production, and if so, is global exposure 

translated to farmers through these mediators?  This study explores to what extent 

processors shape agricultural production independent of changes to global exposure 

among agricultural products.  Within the context of consumption at the nation-level, 

changes within the processor segment and relative changes to intermediate and final 

product trade are used to separate direct and indirect impacts on agricultural producers. 

1.3 Research Argument and Expectations 

This study advances an institutional explanation for the divergence in changes 

within the agricultural sector.  Institutional environments emerge as patterned 

relationships as industries grow, experience disruptions, and alter governance and 

organization.  In turn, these environments mediate the effects of subsequent disruptions, 

and the variability of the characteristics of environments at the local level implies that 

differences in economic outcomes should emerge. Specific to agriculture, disruptions are 

represented primarily by the growth in global interaction, which forces disparate 

localities into greater competition, and by changes within the processing component of 

each industry, which alters intra-industry relations.  Also of importance is the changing 
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relationship between the state and the market, which imprints a historical context on 

precisely how states and economic actors interact.  At a local level, the relative presence 

of large or small farms alters both the economic impacts of disruptions and the forms of 

state interventions. 

The pork and non-cigar tobacco industries vary with respect to changes of global 

interaction.  Non-cigar tobacco, and particularly flue-cured tobacco, lost competitiveness 

over time as measured by the proportion of national production exported and by the 

magnitude of comparable tobacco imports.  However, exports of tobacco products grew 

over the period.  With affordable alternatives to American tobacco and increased 

popularity of products abroad, the economic interests of manufacturers and farmers 

diverged over time.  By contrast, pork exports steadily grew in magnitude and in 

importance to the industry over the same period.  While imports of live swine also grew 

during the 1990s, trade in live swine does not constitute a threat to domestic producers 

due to the segmentation of hog farming into discrete stages.  Finally, in contrast to 

tobacco, pork exports are not threatened by foreign competition over the study period. 

The multifaceted impact of global interaction on domestic farmers raises the role 

of changes to intra-industry relations on the spatial and economic characteristics of farm 

production.  Just as tobacco producers were threatened directly by the loss of markets due 

to the rise of foreign production and indirectly by the sourcing choices made by 

manufacturers, changes within the processing segment of the industry must be evaluated 

in terms of impact on the relation to the farm segment.  The availability of inexpensive 

alternatives is partly responsible for the dissolution of the tobacco price support program.  
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In the pork industry, two waves of processor consolidation preceded process changes to 

hog farming.  In turn, changes to the hog farming process created one segment reliant on 

inexpensive feed, another reliant on cheap land and labor, and raised the importance of 

industry coordination through contracts in order to stabilize output and reduce variability 

in the characteristics of live animals.  The effects of trade disruptions or declining 

processor margins produced industries that accorded processors greater intra-industry 

power in both cases, although the extents vary. 

The importance of processors to the conditions faced by farmers underscores the 

need for a conceptualization of the market that includes all parties that interact routinely.  

This study expands Fligstein’s (1996, 2001) conception of the market beyond peer 

networks to include all industry actors arrayed along a process of production (Gereffi 

1994).  The institutional environment not only consists of the set of relations within the 

industry, but political and social actors that carry causal impact to the operation of the 

industry and the local economic characteristics of importance to producers.  At a general 

level, federal policy shifted from commodity support toward income support due to the 

impact of commodity programs on trade and consumers.  Federal policy was essentially 

nonexistent for the pork industry and was the single most important intervention for the 

tobacco industry.  At the state level, policy addressed a greater variety of issues over 

time.  For example, amid the growth of large farms, environmental legislation emerged 

amid the absence of strong federal regulation and the growth of non-farm interests. 

   These factors interact with local economic characteristics at the local level to 

produce unique configurations of industries that fit within a broad conceptualization of 
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intra-industry power and process of production.  For example, proximity to cheap feed is 

the most important reason for the traditional location of the pork industry in the Midwest.  

Lower transportation costs reduced the unique nature of this land characteristic to some 

extent, but the industry shift toward scale and a segmented farming process produced the 

farrow to feeding stage of hog farming, which is relatively less reliant on cheap feed and 

relatively more reliant on scale economies and cost of labor.  Similarly, while price 

support fixed tobacco production at the county level, pressures to agglomerate vary with 

both topographical and global demand characteristics.  In relation to state intervention, 

both the industry and other societal actors influence the shape of effected policy.  Health 

concerns were crucial to the decline in tobacco support, and environmental policy is to 

some extent correlated with the presence of large farms and high population density.  

This interaction produced farm segments that vary across particular locations, for 

example, large hog farms at an earlier time point in North Carolina and relatively small 

farms throughout the Midwest.  Economic or social disruptions are mediated by the 

characteristics of the industry at the local level as well as the predispositions toward 

particular forms of action on the parts of policymakers. 

Empirical evaluation of the perspectives relies on the timing of disruptions and 

political or structural changes that affect particular segments of the industry.  This 

evaluation will produce a causal narrative that will form the basis for relative evaluation 

of the perspectives through statistical inference.  The global commodity chains approach 

would anticipate a decline in the importance of land characteristics to agricultural due to 

competition with disparate locales through global integration where similar 
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characteristics exist.  As noted above, these effects may either be manifested through loss 

of market share or through the actions of processors.  Further, an industry may retain 

differences across location because of how these locations are positioned within global 

industries.  The degree to which processors face international competition, where it 

exists, will also affect intra-industry power.  Apart from trade, agricultural segments 

composed of large farms are expected to be relatively efficient and able to utilize scale 

economies, which will produce a disproportionate amount of production.  Where small 

farms are dominant, disproportionately less production is expected. 

The markets as politics perspective is not necessarily in disagreement with the 

global value chains perspective, but is focused on the role of political action in the craft 

of market rules.  In this sense, institutions mediate the impact of globalization on the 

industry.  However, this perspective focuses attention on a causal mechanism behind 

local variation that is more expansive than local economic characteristics like wages or 

land characteristics.  Whether globalization and other potential economic disruptions  

actually become disruptions depends on both location-specific characteristics and the 

path dependent nature of institutional environments.  Effected policies reflect the 

underlying capacity of various actors to work toward favorable intervention, whether they 

are constituents within the industry or not.  Differences in effected policies also carry 

impacts to future economic activity, though in many cases, policies carry little economic 

impact and instead resemble indicators of predispositions toward specific interests.  Anti-

corporate farm legislation is a key example.  The key objective of chapter 5 is the 

establishment of the origins of policies that carry casual impact on the case industries.  
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Aside from the inclusion of the policies, measures of the predispositions toward policies 

favorable to agriculture are evaluated.  For example, states with a higher proportion of 

GDP represented by agriculture are assumed to possess a relatively strong agricultural 

base, and policymakers will reflect this strength in its policy priorities. 

1.4 Summary and Outline of the Study 

Chapter 2 addresses the methodology of the study, case selection, and an initial 

presentation of concepts and measures captured by the study in order to provide a general 

orientation to the breadth of the concepts under review.  Appendix A provides a more 

detailed documentation of specific measures where conversion or compilation was 

problematic.  Appendix C provides a detailed discussion of the environmental stringency 

variable because of the complex nature of its construction.  Chapters 3 and 4 detail the 

organization and operation of the pork and non-cigar tobacco industries respectively.  

These chapters employ the global commodity chains perspective in their interpretations 

of causality and relations between industry segments.  This study primarily ascribes 

importance and attention to three stages of production: farm production, industry 

production, and end markets, including trade.  However, as will be seen in chapter 6, 

some overlap between global commodity chains measures and measures of basic 

economic characteristics exist. 

Chapter 5 details the range of policies that exist at the national or state level and 

possess a reasonable capacity to produce state-level variation in economic outcomes.  To 

assess the validity of the markets as politics perspective, this chapter assesses the origins 

of particular policies, their expected or realized effects, and places industry-specific 
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policies within the historical context of general agricultural policy.  When valid, this 

perspective argues that these policies will be causally connected to the industry 

developments identified in the prior chapters.  However, industries may also depart from 

or respond to the broader context of agriculture and the historical trajectory of 

agricultural policy.  For these reasons, a context of federal policy intervention is 

produced to contextualize the relative capacity for states to form effective policy, the 

trajectories of market changes within the case industries, and the federal interventions 

into these industries. 

Chapter 6 utilizes panel analysis and pooled OLS analysis to assess the relative 

contributions of the global commodity chains and markets as politics perspectives to 

changes in agricultural production and structure among selected states.  Each perspective 

is compared to a baseline model that incorporates only a set of economic control 

variables.  In addition, both perspectives are added to the control variables in order to 

assess relative contributions of the perspectives.  Due to the industry-specific nature of 

many of the measures of the perspectives, the industries are modeled separately.  In 

addition, tobacco types are disaggregated into specific varieties because their utilization 

by the industry and the characteristics of end markets vary.  Finally, chapter 7 

summarizes the key findings of the empirical chapters and ties the relevance of these 

findings to the explanation advanced and the perspectives employed by the study.
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2. Design, Data, and Methods 

This study will measure the relative importance of the theoretical perspectives 

discussed in the last chapter to agricultural change.  The primary dependent variables are 

the spatial shifts in production and the changes in farm structure at the level of U.S. 

states.  While variation in the location of agricultural production may be expected, sizable 

shifts in location and variation in the size and specialization characteristics of farms 

suggests either the adoption of a modal form of industry organization or a linkage 

between industry-wide developments or exogenous shifts in domestic and global markets, 

and the characteristics of the industries at a local level.  A comparative study of two 

agricultural industries in the United States and selected U.S. states assesses the 

potentially complimentary explanations advanced.  First, a detailed description of the 

structure and operation of each industry and a focus on the causal relationships that lie 

behind change at the national and state levels is constructed.  Industry accounts will 

incorporate changes among agricultural and industrial producers, end markets and trade, 

and the timing of changes across these areas is of particular importance. 

The study will use within case comparisons (Mahoney 2003:360-361) for the 

construction of the range of state level industry characteristics and their departures from 

the national industry.  Important and included departures include the industry roles 

played by producers in each state, differences in economic factors of production, and 

differences in state intervention.  In a separate chapter, the role of state intervention as it 

pertains to agriculture broadly and these two industries specifically is discussed.  The 

objective will be an initial assessment of the relation between state intervention and the 
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operation of the industry described bluntly as cause or effect.  This will allow for an 

initial assessment of the institutional perspective. 

The second stage of the analysis will utilize time series analysis at the state level 

to assess the relative importance of the perspectives to spatial change in agricultural 

production and structure.  The remainder of this chapter addresses two methodological 

issues of importance to the case studies, case selection, and data compilation.  Chapter 6 

discusses model specification and the specific measures employed, but this chapter 

includes a broader description of the dependent and independent variables for two 

reasons.  First, the case studies use much of the information modeled.  Second, 

compilation difficulties arose for many of the variables, and the decisions made to resolve 

these problems affect the results of both the case studies and the statistical models. 

2.1 Case Selection 

Agricultural industries between 1959 and 2005 serve as the research site for 

several reasons.  First, agriculture remains arguably the most mediated sector of the 

economy by the state, despite nearly 100 years of decline in the proportion of the 

population directly employed in farm production (Dimitri, Effland, and Conklin 2005).  

Substantial variation in intervention is present throughout the study period and across 

particular products.  Second, coordination between farmers and processors, the two 

primary types of actors in this sector, shifted away from market transactions during the 

twentieth century (Harris et al. 2002; Effland 2000), though little formal command exists 

through ownership.  The lack of overlap between ownership and coordination allows the 

study to disaggregate clearly the often-different interests of these two sets of actors 
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during a period of change in their relationship.  Finally, global markets generally play a 

substantial role in agriculture, though again, the magnitude of this role varies 

considerably across products.  In conjunction with farmers and processors, the inclusion 

of trade allows for an assessment of the impact of global markets on agricultural 

producers as it impacts producers directly and indirectly through processors. 

Pork and tobacco possess several differences related to the theoretical 

perspectives.  Substantial differences exist between these two industries in terms of 

federal and state policy.  The beginning of the relatively active role for federal 

intervention in agriculture policy began with the enactment of the Agricultural 

Adjustment Act of 1933 (Dimitri, Effland, and Conklin 2005; Dixon and Hapke 2003).  

Programs that applied to all farms implemented some major objectives like rural 

development and conservation.  However, the federal government pursued the 

stabilization of farm income largely with commodity-specific price support through 

production restriction.  Acreage allotments and marketing quotas limited the farm 

production protected by price supports, and severe penalties for production beyond these 

limits were present in some form in most cases (Green 1990; Bowers, Rasmussen, and 

Baker 1984).  Importantly, tobacco generally fell under supply restrictions while hogs 

and other livestock did not.1  This fact provides the study with a contrast in terms of the 

importance of federal intervention to industry operation and the latitude states possess to 

effect significant intervention toward other goals. 

 

1 Hogs did fall under price supports from 1932 to 1950, before the beginning of the study period.  Corn, the primary 
feed input for hogs, fell under price supports for most of the study period.  Other more drastic efforts to control supply 
were initiated during the Great Depression and World War II. 
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Second, as with farms generally (Dimitri, Effland, and Conklin 2005), both 

tobacco and hog farms grew in size, capitalization, and specialization.  However, these 

industries vary in the extent of spatial relocation and the means of coordination with 

processors.  Tobacco is more dependent on the land characteristics present within specific 

regions than hog farming, though a number of states outside the core regions of the 

Appalachian Mountains and Eastern Seaboard produced tobacco at one time.  In 1992 for 

example, 19 states as far west as Kansas and as far south as Florida produced tobacco 

(Grise 1995:2).  Tobacco price supports, crucial to the non-cigar varieties, further 

restricted spatial shifts across county lines.  By contrast, hog production takes place in 

every state and requires relatively little land as it is currently organized.  While hogs were 

traditionally produced in states where feed prices were low, the increasing size and 

specialization of these operations raises the importance of both environmental and labor 

cost factors for production (Key and McBride 2007:9-10). 

Raw tobacco is easily stored once stemmed and dried, but year-round pork 

production requires year-round hog production and slaughter.  Over time, coordination 

between the producer and processor components changed the pork industry from seasonal 

operation, though assurance of quality (Martinez and Zering 2004), increased operation 

costs associated with hog farm growth (Key and McBride 2007; Martinez 2000), and 

growing meat packer concentration (MacDonald 1999) emerged as additional causes of 

the increase in coordination through production and marketing contracts. 

Finally, these industries exhibit important differences in patterns of domestic 

consumption and interaction with global markets.  Figure 2.1 displays domestic tobacco 
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leaf production, imports, and exports from 1959 through 2005.  Tobacco production 

peaked in 1963 at over 2.3 billion pounds, and as late as 1981, production surpassed 2 

billion pounds intermittently.  Exports fell sharply to 645 million pounds by 2005, and 

while exports are a vital component of this industry, they do not offset decline brought by 

falling domestic cigarette consumption and rising import of raw tobacco.  Figure 2.2 

shows little connection between global markets and domestic hog production.  The 

contrast in the role of global markets creates a difference in the relationship between 

farmers and processors, as each set of actors is presented with different levels of 

opportunity and threat brought by global markets. 

This study utilizes within-case comparison at the level of U.S. states.  Strategic 

selection based in part on the patterns of change in the dependent variable produced a 

subset of states for each industry.  For tobacco, additional factors include the importance 

of the state to national production, the specific varieties of tobacco produced, and the 

applicability of price supports to state production.  All six states, North Carolina, South 

Carolina, Virginia, Kentucky, Tennessee, and Maryland, produce cigarette tobaccos.  

Virginia, Kentucky, and Tennessee also produce tobaccos for use in snuff and chew, 

which are not interchangeable with cigarette tobaccos.  Maryland tobacco did not fall 

under the price support system after 1965, a fact that warrants the state’s inclusion.  No 

states involved in the production of cigar tobacco were included because of the 

fundamentally different organization of this industry compared with the cigarette tobacco 

industry.  Finally, North Carolina, Kentucky, and Tennessee represent the core farming 

states for this industry, while the other states are relatively peripheral. 
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Figure 2.1: U.S. Tobacco Production, Imports, and Exports 

Additional factors for the pork industry include the importance of livestock production to 

the state, the presence or absence of corporate farming restrictions in the state, and other 

state-level interventions that may affect the industry.  In contrast to the tobacco industry, 

region is a factor for case selection.  Iowa, Illinois, and Minnesota fall within the Corn 

Belt, the traditional center of the industry.  North Carolina’s prominence as a core state 

developed over the study period and represents the South as a region.  Texas both 

represents the rapidly developing Southwest region and is a state to which the livestock 

industry is generally important.  Minnesota, Iowa, and Texas contain or contained limited 

restrictions on corporate farming (Edmonson and Krause 1978).  Finally, the emergence 

of CAFOs of increasing size results in various efforts to reduce associated environmental 

problems through various means, all of which fall to state and local government. 
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Figure 2.2: U.S. Hog Production and Import and Export Share of Production 

2.2 Data Compilation 

This chapter concludes with a brief description of the data sources and 

compilation methods used to produce data for case study description and statistical 

modeling.  For each industry, measures of farm and processor production, characteristics 

of actors within each industry segment, consumption and trade, and the relationship 

between these segments were collected at the state and national levels of aggregation.  

This section details primary source information, though the case studies use 

additional primary and secondary sources where appropriate.  A description of the 

breadth of the measures available and the caveats to their employ is the main objective of 

this section.  Chapter 6 provides extended discussion of measure choices, and appendix A 

provides extended documentation of specific conversion practices and alternate measures. 
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2.2.1 Agriculture and Agricultural Production 

Table 2.1 lists the specific measures of farm structure production, the main 

dependent variables.  The case studies and statistical models use both raw numbers and 

proportions.  Only the total number of farms and the value of production are shared 

across industries.  However, a distribution of farms across size groups was produced for 

the analysis of farm structure and is common across industries as a proportion of all 

farms.  By contrast, most of the independent variable concepts and measures are industry-

specific.  Because of this, description of the concepts of importance to the operation of 

each industry accompanies description of independent variable measures. 

Hog farming ultimately produces hogs marketed for slaughter.  However, the 

division of the hog farming process into discrete stages of the hog lifecycle entails the 

creation of markets for pigs not ready for slaughter.  Broad measures of production 

include fed hog marketings, pig crop, and value of production.  In addition, hog 

inventories and production as measured by live weight serve as alternative measures.  To 

assess specialization within discrete stages of hog farming at the state level, this study 

also includes inshipments, the sales of hogs not ready for slaughter from a farm to 

another in a different state.  When available, the study incorporates the proportion of 

farms that possess inventory only used for breeding and inventory of hogs other than 

those used for breeding.  These measures are expected to be correlated with farm size. 

Tobacco farms specialize into specific varieties, each of which is suitable for 

particular applications.  The cigarette industry uses the two primary types of tobacco 

produced in the United States, flue-cured and burley (light air-cured).  Producers of 
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tobacco products like snuff and chewing tobacco use fire-cured and dark air-cured 

tobaccos.  Cigar filler, binder, and wrapper are used primarily to produce cigars (Grise 

1995:4).  As each of these types possesses a distinct geography, the effects of 

consumption changes at the state level will vary across products.  The connection 

between changes to consumption and changes to farm production extend to changes to 

trade.  For this reason, both aggregate tobacco production and production by type were 

collected.  Table 2.2 lists the key varieties and primary production locations by type. 

To measure the relative importance of each industry to state agricultural 

production, this study calculates the proportion of total agricultural production accounted 

for by agricultural production by the industry.  General information, including total 

numbers of farms, acreage, sales, and the proportion of total farm sales accounted for by 

livestock sales and crop sales enable the study to produce additional contextual 

information of particular importance to the case studies.  Land usage at the state level 

may serve as a more useful control given the vast differences in land usage across U.S. 

states (Wiebe and Gollehon 2006).  In most cases, annual series of these general 

characteristics are not available or are not directly comparable with the industry-level 

operations data discussed below.  When annual data is not available, measures come from 

the Census of Agriculture.  The number of cases for the statistical models falls when 

statistical models include these measures.  As discussed in chapter 6, this may produce 

model difficulties but does not hamper case study descriptions.  Finally, while this study 

does incorporate data on farm structure, more detailed data that pertains to corporate 

involvement, farm specialization, contract formation, and other relevant items could not  
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Table 2.1: Agriculture and Production Variables Collected 

Variable Description Source Type 
Hog Farming Variables 
Inventory Hog inventory, BOY Annual survey 
Pig Crop Total pigs farrowed Annual survey 
Inshipments Hogs/pigs received by state, not for slaughter Annual survey 
Marketings Marketed for slaughter or sale to other states Annual survey 
Production Total meat produced, live weight Annual survey 
Price/value Average price received/total value of production, 

either for slaughter or from inshipments 
Annual survey 

Operations, by 
inventory and 
by sales 

Total number of operations/distribution by size group 
based on sales and inventory 

Total: 1965- annual 
survey; Total and 
distribution: Census 
years 

   
Tobacco Farming Variables 
Acreage Harvested acreage, all varieties and by variety Annual survey 
Production Tobacco production, all varieties and by variety Annual survey 
Value Value of production, all varieties and by variety Annual survey 
Operations, by 
acreage 

Total number of operations/distribution by acreage 
harvested 

Census years 

   
General Farming Variables 
Operations Total number of farms Census years and 

annual survey 
Acreage Land in farms, all types Census years and 

annual survey 
Cropland Harvested cropland Census years 
Pastureland All land for pasture, whether cropland, woodland, or 

other land 
Census years 

Value Total value of production, all products Census years 
 

be reliably collected or estimated for much of the period.  Where possible, this study uses 

secondary arguments or data sources in the case studies and ties this information to 

identified proxy measures for use in the case studies and statistical models. 

2.2.2 Manufacturer Information 

The compilation of manufacturer data presented several difficulties that require 

elaboration.  First, the pork industry is not clearly separable from the broader non-poultry  
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Table 2.2: Tobacco Classes and Proportions of Total Production 

Tobacco Type Tobacco 
Classes 

Major Producing Locations, 
1998 

Proportion Total 
Tobacco, 2005 

Cigarette Types 
Flue-cured Types 11-14 North Carolina, Virginia, South 

Carolina, Georgia, Florida 
59% of production, 
53% of value 

Burley (light 
air-cured) 

Type 31 Kentucky, Tennessee, Virginia, 
North Carolina, Indiana, Ohio, 
West Virginia, Missouri 

32% of production, 
30% of value 

Maryland (light 
air-cured) 

Type 32 Maryland, Pennsylvania 0.5% of production, 
0.4% of value 

    
Other Tobacco Product (Chew, Snuff) Types 
Dark air-cured 
and Fire-cured 

Types 35-37 
(dark air-cured) 
and Types 21-
24 (fire-cured) 

Kentucky and Tennessee (both); 
Virginia (fire-cured) 

8% of production, 
11% of value 

All cigar fillers, 
binders, 
wrappers 

Types 41-65 Pennsylvania and Puerto Rico 
(filler); Connecticut and 
Massachusetts (binder and 
wrapper); Wisconsin (binder) 

2% of production, 
6% of value 

Source: Gale, Foreman and Capehart 2000:3; USDA NASS 2007. 

meatpacking industry.  The study uses non-poultry packer data for the case studies and 

statistical models, and the case studies also provides estimates of the share of this 

industry composed of pork production.  The presence of a large processing sector in a 

state is hypothesized to be correlated with the presence of related farming activities as 

well as specific policy developments and attention to the industry on the parts of 

policymakers.  As with other manufacturing industries, average wages and state law 

pertaining to unionization and other labor issues are likely influential on where producers 

locate over time.  The Census of Manufactures and the Annual Survey of Manufactures 

are used to produce a time series that encompass multiple measures of packer or 

manufacturer employment, wages, the numbers and sizes of processors, and industry 

production value for both industries. 
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Second, the Census of Manufactures delineates the production value of non-

poultry meatpacking production by animal, but this level of detail is not available in off-

Census years, is not present for other measures of the industry, and in some cases is not 

present for some states.  As noted above, this study will use non-poultry meatpacking as a 

proxy for pork processors for the statistical models.  Estimates of the size of the pork 

industry are presented within the case studies where possible.  However, characterization 

of each state’s meatpacking sector is probabilistic insofar as it relies on estimates that 

cannot always be substantiated by other sources.  Finally, an annual production series 

produced by the USDA is included as an alternative measure of this industry segment. 

Very few establishments exist for portions of the tobacco industry, namely 

cigarette production.  In these situations, government sources do not disclose information, 

and for this industry, non-disclosure is severe at the state level when tobacco manufacture 

is disaggregated into products, especially toward the end of the study period.  Generally, 

the number of establishments is available at the state level for the industry as a whole, 

and when available, will serve as a proxy for manufacturer role in the state.  However, 

the study separates cigarette manufacture from other products because of the relation 

between the end products and the tobacco variety they involve.  Due to nondisclosure, 

measures of the manufacturing segment of the industry is used sparingly in the models. 

Finally, the industry classification system in operation changes in 1997.  Direct 

comparability between the Standard Industrial Classification System (SIC) and the North 

American Industrial Classification System (NAICS) does not exist except at the most 

detailed levels.  This is problematic for the Annual Survey of Manufactures, which is not 
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disaggregated enough to produce an annual industry series.  Table 2.3 presents 

characteristics of the U.S. pork and tobacco product industries immediately preceding 

and following this gap, defined by the conversion process employed in appendix A, as an 

assessment of the validity of the conversion process. 

2.2.3 Trade and Consumption 

In the cases of swine and tobacco leaf, production equals domestic consumption, 

stock accumulation, and net trade over the long run.  This study will compare changes in 

trade against changes in production to gauge the impact of global trade on these 

intermediate products, thereby excluding consumption.  For manufactured products, the 

study will compare trade to industry production, and for both sets of products, quantities 

are the preferred metric.  

Quantities and values of agricultural and manufactured industry products were 

collected from the December release of the relevant Bureau of Census trade series.  To 

measure the change in relative levels of intra-industry power in the industry held by each 

set of actors, the author included or calculated the marketing spread, the proportion of 

total retail value that accrued to each stage of production.  This statistic is national in 

conception and cannot be included in the statistical models. 

Two difficulties arose during the compilation of the trade series.  First, 

classification systems and published data series change repeatedly over the study period 

and, until 1989, common product definitions between exports and imports did not exist.  

Table 2.4 identifies the specific series used and the operational classification system for 

each period of inter-year consistency.  Second, conversion between systems was not  
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Table 2.3: Comparison of Constructed SIC and NAICS Definitions of the 
Tobacco and Pork Industries 

Industry Non-Poultry 
Meatpacking 

Pork2  Tobacco 
Products 

Cigarettes 

Industry Shipments Value 
Average change, 1992-1996 1.3% 1.7% 10.7% 10.8% 
Change, 1996-1997 12.7% -2.7% 4.6% 0.9% 

Average change, 1997-2001 1.0% 0.5% 2.9% 4.9% 
 
Employment 
Average change, 1991-1996 1.7% 2.0% 4.6% 5.2% 
Change, 1996-1997 10.4% -4.1% 7.0% 3.9% 
Average change, 1997-2002 1.8% 0.8% -5.9% -6.4% 

 

possible for every product.  However, at broader levels of aggregation, product codes 

were successfully grouped such that a reasonably consistent annual series could be 

generated.  Appendix A lists the specific product codes used for each broad product 

group collected for this study, and Feenstra, Romalis, and  Schott (2002) provides a 

useful guide to their procedures for a similar process over a more limited period. 

For the pork industry, three groups of products were constructed: live swine, fresh 

pork and pork products, and processed pork products.  The distinction between fresh and 

processed pork the preservation of meat through drying, salting, or canning.  Fresh pork 

products are composed of both pork carcasses and pork cuts and parts that are chilled, 

frozen, or fresh.  In some cases, imports and exports were tracked at different levels of 

aggregation, making the distinction between fresh and processed items difficult to  

                                                 

2 The industry shipments value is based on product-level disaggregation of the non-poultry meatpacking industry.  By 
contrast, all other industry groupings are based on industry-level definition.  Employment is estimated based on the 
proportion of non-poultry meatpacking product shipments composed by pork products in each industry segment.  
Please see Appendix A for more detailed information. 
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Table 2.4: Trade Series and Classification Systems, 1959-2005 

Period Classification System Data Series Source 
Imports   
1959-1963 (June) Schedule A FT-110 
1963 (July-December), 
1965-1970 

TSUSA FT-246 

1964, 1971 Schedule A (revised) FT-135 
1972-1988 TSUSA (revised) UC Davis (FT-246) 
1989-2005 Harmonized System USDA FAS 2009 
   
Exports   
1959-1964 Schedule B FT-410 
1965-1977 Schedule E FT-410 
1978-1988 Schedule B (different 

from 1959-1964) 
UC Davis (FT-410 and FT-446) 

1989-2005 Harmonized System USDA FAS 2009 
 

ascertain.  However, the vast majority of pork products were comparable over time for 

both imports and exports and in terms of value.   

Table 2.5 presents value information for pork trade around these classification and 

series changes.  For the sake of brevity, series changes that occur over multiple sequential 

years, such as 1963-1965 for imports, are presented as averages across the sequential 

transitions and as year-over-year changes from the previous series.  Fresh and processed 

categories were aggregated for the models.  Manufactured tobacco product classification 

is similar between imports and exports, and three product types are available: cigars and 

cheroots, cigarettes, and other tobacco products, which include smoking and reconstituted 

tobacco, chew, and snuff.  Due to the very dissimilar systems employed by imports and 

exports of tobacco leaf, direct comparability of imported and exported tobacco leaf is 

only possible at the level of aggregate cigarette tobaccos.  However, within the export 

data, this study will retain a detailed distinction corresponding to the types identified by  
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Table 2.5: Comparisons of Change in Trade across Data Series, Pork 
Industry 

Period Live Swine All Pork Fresh Pork Processed 
Pork 

Imports     
Avg. change, 1959-1963 7.3% 3.4% -3.1% 4.4% 
Change, 1963-1964 27.9% -2.5% 2.9% -3.2% 
Avg. change, 1963-1965 111.2% 11.4% 18.8% 10.5% 
Avg. change, 1965-1970 85.5% 11.6% 5.0% 12.5% 
Change, 1970-1971 -2.0% -3.2% -5.7% -3.0% 
Avg. change, 1970-1972 33.8% 5.8% 12.7% 5.1% 
Avg. change, 1983-1988 29.1% 9.9% 22.5% 2.8% 
Change, 1988-1989 27.6% -12.8% -17.0% -8.6% 
Avg. change, 1989-1994 -3.3% -0.5% 3.1% -4.2% 
     
Exports     
Avg. Change, 1959-1964 39.0% 19.3% 89.7% -8.3% 
Change, 1964-1965 -18.1% -0.3% 9.1% -24.5% 
Avg. Change, 1972-1977 21.8% 42.5% 46.2% 16.0% 
Change, 1977-1978 35.0% 2.7% -4.8% 114.6% 
Avg. Change, 1983-1988 25.5% 16.6% 18.0% 4.4% 
Change, 1988-1989 -58.3% 16.4% 17.3% 4.0% 
Avg. Change, 1989-1994 88.1% 11.5% 11.0% 22.3% 

 

table 2.2.  Additional qualitative information is used in the case studies, while the 

statistical models employ a measure to capture the detailed export information available 

over the study period.  Table 2.6 details the consistency of the broad groups of tobacco 

and tobacco products across the classification systems presented in table 2.4. 

2.2.4 State Policies and Institutions 

The presence or absence of relevant state and federal policies and the industry 

contexts that are assumed to be associated with policy formation in each state serve as 

measures of the institutional explanation.  While the first set of variables directly affects 

the state’s agricultural producers, the second represents potentials for action, not an  
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Table 2.6: Comparisons of Change in Trade across Data Series, Tobacco 
Industry 

Period Tobacco 
Leaf 

Non-cigar 
Tobacco 

Leaf 

Tobacco 
Products 

Cigarettes 

Imports     
Avg. change, 1959-1963 -2.8% -0.9% -6.7% -1.2% 
Change, 1963-1964 10.9% 6.5% 49.9% 1.2% 
Avg. change, 1963-1965 14.4% 16.6% 22.7% -6.2% 
Avg. change, 1965-1970 0.0% -1.3% 26.5% 67.5% 
Change, 1970-1971 -30.9% -35.7% 17.5% 373.5% 
Avg. change, 1970-1972 6.0% 9.2% 23.8% 152.0% 
Avg. change, 1983-1988 7.3% 8.8% -15.2% 23.7% 
Change, 1988-1989 2.1% 0.7% 2.6% 33.6% 
Avg. change, 1989-1994 12.4% 12.7% 32.2% 72.8% 
     
Exports     
Avg. change, 1959-1964 3.7% 3.5% 7.0% 6.4% 
Change, 1964-1965 -7.3% -8.5% -6.6% -8.1% 
Avg. change, 1972-1977 11.6% 11.6% 21.9% 25.2% 
Change, 1977-1978 24.1% 22.7% 20.2% 21.9% 
Avg. change, 1983-1988 -2.3% -2.9% 20.9% 20.4% 
Change, 1988-1989 3.5% 4.3% 26.2% 27.3% 
Avg. change, 1989-1994 0.9% 1.5% 9.5% 9.9% 

 

explicit measure of action.  If the markets as politics approach is correct, industry context 

will be directly related to the form of state policy.  The time series approach used for the 

statistical models will allow for a direct comparison between these two sets of variables, 

and it is expected that both sets of variables will be highly correlated.  However, the 

inclusion of measures of industry context will serve to capture unobserved state policies. 

Relevant policies vary across the two industries.  For hog farming, limits on the 

development or expansion of CAFOs and hog farms more generally, limits on corporate 

farming, the presence of any form of contract regulation, and limits on consolidation or 
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coordination between farmers and manufacturers represent the most substantial forms of 

state intervention.  Due to the visibility of environmental problems associated with 

increasing CAFO size, a number of states passed limitations on the expansion or 

formation of these types of operations, which may affect the spatial distribution of the 

industry (Sullivan, Vasavada, and Smith 2000).  Corporate farming restrictions and 

contract regulation are especially noteworthy because of their spatial concentration in the 

Midwest (Edmonson and Krause 1978; Matthey and Royer 2001), because the origin of 

anti-corporate farm legislation is associated with livestock production, because of the 

relatively explicit coordination between farmers and processors in these industries 

relative to most other agricultural industries, and because of the relatively high capital 

needs of these operations, particularly as farm size grows (Flora 1998).  Additionally, 

high levels of concentration among meatpackers, the relative absence of global markets 

as alternatives to domestic packers and the captive nature of the relationship with 

domestic packers, and the especially high level of coordination between packers and 

feedlots leads to a public impetus to address pricing controversies and the abilities of 

farmers to exert some control over prices (Hahn and Nelson 2002; though see Rhodes 

1995 for opposite to expected state reaction based on perceived job losses to other states).  

Consequently, many corporate farming restrictions enacted during the twentieth century 

sought to limit vertical integration and control aspects of contract production in livestock, 

not just to limit the ownership of land by corporations, in order to protect farm incomes.  

Finally, an index of environmental scores from several studies is used to evaluate the 

stringency of environmental regulation at the state level (Herath, Weersink, and 
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Carpentier 2005).  The components of this index are provided in appendix C, and this 

method is the only way to construct a time series for environmental stringency,  

Tobacco’s status as a supported crop greatly reduces the impact that U.S. states 

can potentially carry.  Tobacco’s spatial concentration in the South further limits state-

level institutional variation, specifically the structure of the farming sector and the array 

of produced crops, labor conditions, and state government activism and policy 

effectiveness (James 1986).  Two policy differences, the applicability of the federal price 

support system to the tobacco produced in the state and the degree to which marketing 

and production quotas may be transferred, are assessed.  Quota transfer, which allows the 

agglomeration of production to where it is most efficient, is a function of both federal and 

state-level decisions, though in practice, only Tennessee allowed cross-county lease of 

quota allotment, and only during the 1990s (Gale, Foreman, and Capehart 2000:36). 

Finally, direct policy impacts are coupled with the industry context that exists 

within the state to measure unobserved policy impacts.  Multiple measures are included, 

including substantial importance of the industry to the state, the presence or absence of 

large producers as the dominant form of industry production in the state, the importance 

of agriculture in general to the state, and other characteristics of industry production.  

Similar variables are included for the manufacturing segment of the industry.  The 

specific measures of these variables are displayed in table 2.7. 

2.3 Conclusion 

The two case studies center on the operation of the industries at the national level 

and among states of importance.  The overarching objectives are to describe the structure 
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and operation of each industry, to address the changes present within each industry, and 

to present a preliminary assessment of causality based on the timing of changes and the 

actions of industry actors.  A second objective is the production of valid measures for 

identified concepts of importance to agricultural production for inclusion in chapter 6.  

Farming activities exist within the context of agriculture at a general level, and any trends 

within each industry must be compared with general tends like increased specialization of 

production at the farm level and the growing size of farm operations.  The case studies 

use the global value chains conceptualization of the industry to delineate the principal 

actors and their relationships.  Actors will possess different strategic interests and 

different capacities for action as they attempt to realize their interests (Gereffi 1994).  

Outcomes and trends generally reflect the efforts of industry drivers to realize their 

objectives.  The principal outcome for these chapters will be a more nuanced 

determination of causality amid changes in domestic and global demand.  A second 

outcome is a more complete conception of the dependent variables prior to modeling.
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Table 2.7: Variable Descriptions, Availability, and Sources 

Variable Freq. Years Description Source 
Dependent Variables     
Production Annual 1958- Raw and proportion of U.S. USDA NASS various years (b) 
Farms, square root Census 1959- Raw and prop. of U.S., by size group USDA various years (b) 
     
Economic and Control Variables 
Farm wages Annual 1958- Dollars per hour, all farms USDA ERS 1991, 2004; USDA various 

years (a) 
Industry Wages Census 1958- Annual wage Bureau of the Census various years (b) 
Average litter Annual 1958- Piglets per litter  
Hog/corn ratio Annual 1959- Price of hog sold to corn sold in state,  
Hog/feed ratio Annual 1960- Price, hog to feed, 14-18% protein 

USDA NASS various years (a), (c), (d)  
 

Land value Annual 1958- Dollars per acre Anderson 1994; Anderson and Magleby 
1997; Heimlich 2003; USDA ERS 1999, 
2004, 2009a 

State property taxes Annual 1958- Dollars per hundred acres DeBraal and Jones 1993, Bureau of the 
Census 2009b, USDA various years (a) 

Harvester  Annual 1958- Harvester invented? (tobacco) Berardi 1981 
Cigarette manufacture Annual 1958- Presence cigarette man. ever in state? Bureau of the Census various years (b) 
 
Global Commodity Chains Variables 
Specialized farms Census 1959- Prop. U.S., prop. state by size/special   USDA various years (b) 
Hogs/acres by size  Census 1959- Prop. state and diff. in prop. w U.S. USDA various years (b) 
Trade, total and net, 
imports and exports 

Annual 1959- Quantity as prop. of nat’l. prod. (value, 
hogs; exports by type, tob.) 

Bureau of the Census various years (e-h); 
Center for Int’l Data 2002; FAS 2009 

Estabs., 20+ emp. Census 1958- Prop. state estabs. and diff. with U.S. Bureau of the Census various years (b) 
Manufactures Census 1958- Prop. of U.S., estabs. and emplymnt. Bureau of the Census various years (b) 
Inspected pork packers Annual 1975- Inspected pork processors USDA NASS various years (e) 
Inshipments Annual 1958- Inshipments / pig crop USDA NASS various years (f) 
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Table 2.7 continued     
Variable Freq. Years Description Source  
Markets as Politics Variables 
Agri. / GDP ratio Annual 1963- Ratio of agriculture to GDP USDA various years (b), BEA 2009 
Crops / farm value Annual 1963- Ratios and diff. in ratios w/ U.S. USDA various years (b) 
Crops / livestock Annual 1958- Same as above USDA various years (b) 
Crop, pasture / ag. land Census 1959- Same as above, cropland and pasture USDA various years (b) 
Cropland / pastureland Census 1959- Same as above USDA various years (b) 
Corporate ban Annual 1958- Corporate farming legis. ban Edmonson and Krause 1978, Harbur 1999 
Contract reg. Annual 1958- Contract regulation Peck 2006 
Vertical integration Annual 1958- Between processors, feeding Edmonson and Krause 1978 
Right to farm  Annual 1958- Right to farm legislation University of Vermont and the American 

Association for Horsemanship Safety 2003 
Right to work  Annual 1958- Right to work legislation National Right to Work Legal Defense 

Foundation Inc. 2008 
Unionization Annual 1965- % state workforce union BLS 1966, Hirsch, Macpherson, and 

Vroman 2001, Hirsch and Macpherson  
2009 

Environmental index Annual 1975- Index of stringency minus U.S. avg. Herath, Weersink, and Carpentier 2005, 
Duerstein 1984, Ridley 1987, Hall and 
Kerr 1991, Hall 1994, Metcalfe 2000 

Moratoria  Annual 1958- Restriction on new farms Metcalfe 2000 
Price support extent Annual 1958- Prop. state production supported Johnson 1984 
Quota lease, transfer Annual 1958- Lease/transfer by type Bowers, Rasmussen, and Baker 1984 
Market. quota  Annual 1958- Poundage quota, by type Bowers, Rasmussen, and Baker 1984 
Cross-county leasing Annual 1958- Leasing, by state/type combo. USDA ERS 2000 
Tobacco baled Annual 1958- Switch to baled, by type Pugh 1981 
% tobacco under loan Annual 1958- % annual prod. placed under loan USDA various years (a) 

Table note: italicized items are specific data series spanning multiple years
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3. The Structure and Operation of the Pork Industry 

This chapter details the constitution of the pork industry, changes in the operation 

of and relations between actors within the industry, and the relative importance of 

changes in consumption and the productive process to these changes.  Over the study 

period, increased scale and specialization represent most of the changes among 

manufacturers and hog farming operations.  Spatial changes in the location of production 

are most clearly illustrated by North Carolina’s rise to second largest producer.  Finally, a 

shift toward global market interaction provides export opportunities for producers and 

limited alternatives for consumers. 

Two fundamental questions arise from the application of the theoretical 

perspectives to this industry.  First, to what extent does each of these sets of actors drive 

the increased scale and consolidation among farmers?  Second, why has the farming 

component of the industry moved outside the Corn Belt where feed is historically 

produced?  Several relevant developments are bound to these questions, such as the rise 

of contract farming as the modal form of organization, increased specialization into 

specific stages of hog farming at the farm level, changes to the cost structures of hog 

farms, and the increased importance of wage laborers to production. 

An overview of the operation of the industry is presented.  Multiple measures of 

the structure of the hog farming industry segment are discussed in detail.  Discussion of 

the spatial shift in production within United States follows.  State-level comparisons 

highlight the role for economic factors to observed changes within hog farming.  In 
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addition, the presence of discernable industry roles at the state level is ascertained by 

comparison with the United States as a whole. 

Application of the global commodity chains perspective will identify to what 

extent changes result from the actions of one set of actors as it reshapes the operation of 

the industry to its advantage.  To this end, characteristics of the processor sector are 

included.  In contrast to the tobacco industry, processors contain much greater capacity to 

reshape their relationships with farmers due to the absence of supply controls for 

agricultural products.  Next, changes in global trade and domestic consumption are 

detailed.  As noted in the last chapter, trade is far less significant to this industry than to 

the tobacco industry, though change is more rapid toward the end of the study period.  

The timing of industry changes is important to a preliminary assessment of causality.  For 

example, do manufacturers act in response to competition with other manufacturers, to 

changes in global markets, to consolidation within farming, or to other potential 

influences?  The chapter concludes with the identification of inflection points within each 

component of the industry and a discussion of valid measures of the theoretical concepts 

for application in statistical modeling. 

3.1 Industry Overview 

Pork is the third most widely consumed meat product in the United States, after 

chicken and beef on a per capita basis.  Compared with the poultry industry, the structure 

of red meat production is similar across specific varieties, particularly with respect to the 

current division of farm activities across the substantially longer life spans of cattle and 

swine.  Figure 3.1 displays the structure of the pork industry, delineated by productive 
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roles.  Farming may be divided into three discrete stages corresponding to the stages of 

hog maturity: the farrow to weaning stage, after which the sow is no longer required for 

production; the weaning to feeding stage, when the pig crop matures; and the feeding to 

finish stage, where hogs gain weight after maturity to increase value (MacDonald and 

McBride 2009; McBride and Key 2007; Key and McBride 2007).  Auctions were the 

traditional form of transaction organization between farmers and processors for cattle and 

swine, and both industries turned to contracts in the 1990s (Hahn and Nelson 2002).  In 

the pork industry, the development of contracts among farms is inextricably bound to the 

separation of farming into discrete stages and the formation of intermediate markets in 

nursery and feeder pigs.  By contrast, auction and spot markets remain durable 

transaction forms among cattle farmers arrayed along long-separated farm stages.  The 

development of contracts at the intermediate stage of production indicates the formation 

of a market and the creation of a new type of actor that may act to coordinate activity and 

subsequently alter industry operation.  In addition to the role played by packers, 

particularly in relation to fed hogs, ‘integrators,’ entities that coordinate constellations of 

farms, each of which operates within a specialized role, emerged as a second foci of 

industry coordination. 

Meatpackers ultimately produce carcasses, fresh pork cuts, and processed 

products.  The separation of hog slaughter from retail product production at the plant 

level increased over time as packers increased in size, efficiency due to specialization and 

consolidation into fewer plants, and promoted brand names as an axis of competition 

(MacDonald et al. 2000).  The development of brand names is indicative of a change in 
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Figure 3.1: U.S. Pork Industry Value Chain 

Source: USDA ERS 2006, 2009e, 2009f; Duewer, Bost, and Futrell 1991
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the relation between packers and the retail sector.  Wholesalers play a far more limited 

role today than in years past (Hahn 2004), increased attention to quality among 

consumers increases the salience of brand names (Martinez and Zering 2004), and export 

market expansion may affect packers through expansion of demand for cuts and other 

fresh, final products (Dyck and Nelson 2003). Whether producers or consumers drive 

these developments remains a point of debate (Adhikari, Harsh, and Cheney 2003; 

Barkema and Cook 1993).  While health concerns and consumer tastes are argued to 

drive the development of lean hogs, carcass grading, and ultimately contract governance 

(Martinez and Zering 2004), Rhodes argues that the drive for profit on the parts of 

packers was responsible for the rise of contracts (Rhodes 1995). 

The price spread, the proportion of retail value that accures to each industry role, 

most clearly reflects the outcome of these changes.  As shown in figure 3.1, the 

proportion of retail value accounted for by the retail sector gradually rose over the period.  

This may suggest that retailers accrued industry power at the cost of farmers and packers.  

However, this may also suggests that farmers may be able to prosper on smaller margins 

due to increased efficiency.  This is especially the case for specialized operations and 

those operations that utilize newer technologies (McBride and Key 2007; Hahn 2004). 

3.2 Organization and Characteristics of the Hog Farming Industry 

The lifecycle and characteristics of the specific animal shapes the organization of 

livestock industries.  The production of a marketable hog for slaughter takes 

approximately 9 months, in contrast to six to eight weeks for chicken and 19-24 months 

for cattle (MacDonald and McBride 2009).  Importantly, the process that leads to the 
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specific outcome of a marketable hog weighing 250-290 pounds developed over time to 

produce desirable and consistent meat, reduce the inconsistencies in the slaughter 

process, and increase the efficiency of the farming process (Skaggs 1983).  Hogs possess 

two unique characteristics central to the operation of the industry.  First, because hogs 

produce litters, fewer hogs need to be retained between any two production cycles and 

farmers can rapidly increase production in anticipation of favorable price movements.  

Ironically, this characteristic typically led to large price swings unfavorable to hog 

farmers (Skaggs 1983).  In contrast, cattle farmers are less able to take advantage of 

short-term market conditions, though over the long term, price swings are evident in this 

industry as well (RTI International 2007a:I 11-12).  Second, hogs require significantly 

less time to mature to slaughter weight than cattle, which makes confinement a more 

viable option.  In fact, hog farming transitioned from pastured growth to confined growth 

based on rationed feed and controlled conditions throughout the 20th century, especially 

during the 1970s (Rhodes 1995).  Because of the cost of feed delivery and the longer 

maturation period, cattle typically spend only the last 5 months in feedlots.   

Before the 1970s (McBride and Key 2007:5), very few farms specialized in hog 

production or any crop generally, and most hogs were raised on small farms for home 

consumption or as supplemental sources of income.  As late as 1992, traditional farrow to 

finish operations accounted for 54 percent of all hog operations, 65 percent of all market 

hogs sold, but only 45 percent of total farm sales (Key and McBride 2007:6).  For 

agriculture generally, specialization resulted in a decline in the number of products 

produced by the average farm, from 4.6 in 1945 and 2.7 products in 1970, to 1.3 in 2000 
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(Dmitri and Effland 2005).  The increased scale that resulted from analogous farm-level 

specialization into hog farming is coupled with the viability of specialization into discrete 

stages of hog farming. 

Specialization allows for the spread of a smaller set of fixed costs specific to the 

particular stage of the lifecycle on which the farm is based, which places farrow to finish 

farms at a cost disadvantage even when farm size is controlled for (McBride and Key 

2003:16-19).  For example, feeder to finish operations most heavily depend on 

inexpensive feed, while farrow to feeder and farrow to weaning operations rely on 

inexpensive labor, technology, and capital investment that reduces pig mortality and 

increases litter size (McBride and Key 2007:9-10; Key and McBride 2008). 

The association between specialization, spatial change, and economic factors of 

production are apparent through a contrast of cost structures for traditional farrow to 

finish farms and specialized farms.  Table 3.1 displays the cost structures of traditional 

and specialized operations and their variation at a regional level in 1998 and 2008.  The 

Heartland includes the Corn Belt states of Iowa, Illinois, and Minnesota, the Prairie 

Gateway includes Texas, and the Southern Seaboard includes North Carolina.   

Feeder to finish farms possess the narrowest margins as measured by operating 

cost recovery, but these farms generally are larger than farrow to finish farms.  Feed costs 

represent the majority of operating costs for all farms.  In dollar amounts, feeding to 

finish farms possess the lowest feed costs per hundred pounds of gained weight.  In 

addition, feed costs are lower than average within the Heartland and higher in the other 

two regions. Importantly, compound feed represents a majority of feed procurement as 
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Table 3.1: Operating Costs and Revenues for Types of Hog Farms, 1998-2008 

 United States All Farms 
 All farms Farrow-finish Farrow-feeding Feeding-finish Heartland Prairie Gate. S. Seaboard 
 1998 2008 1998 2008 1998 2008 1998 2008 1998 2008 1998 2008 1998 2008 
Income and Costs (nominal dollars)            
Production value 43.88 66.37 35.02 51.66 73.98 83.10 43.36 61.70 42.32 66.53 44.56 60.09 49.81 70.46
Operating costs 35.61 53.13 28.68 44.30 41.94 107.89 39.33 47.63 35.30 50.21 32.94 51.69 38.85 62.14
Operating and 
overhead cost 

54.98 69.66 52.87 69.88 88.25 168.02 50.22 56.56 56.08 65.68 51.78 71.90 52.06 74.16

               
Percentage of Operating Costs 
All feed 62.3 62.8 81.8 84.3 72.5 81.7 50.6 60.5 65.6 62.4 61.8 69.9 52.3 57.6 
  Grain 17.6 11.3 34.2 37.5 5.8 4.4 9.7 6.9 22.2 13.9 18.5 14.2 2.3 1.0 
  Complete 
  mixes 

29.7 45.6 16.3 27.1 63.0 74.7 34.1 49.9 23.6 41.6 28.4 45.7 48.6 56.1 

               
Percentage of Overhead Costs 
Labor 39.1 35.1 43.9 41.2 40.7 37.8 30.3 29.6 40.8 33.6 36.3 45.4 29.9 25.9 
  Hired 10.7 12.0 10.3 13.2 23.6 17.8 6.0 6.7 10.2 12.7 14.4 14.7 12.4 10.7 

Opportunity cost,  
Unpaid labor 

28.4 23.2 33.7 28.0 17.1 20.0 24.3 22.8 30.7 20.9 21.9 30.7 17.5 15.1 

Capital, machinery 
recovery 

53.3 51.4 48.7 46.6 53.9 47.1 60.4 55.8 51.7 53.8 54.6 45.5 63.1 57.2 

Table note: the Heartland region represents Iowa, Illinois, and Minnesota; the Prairie Gateway region represents Texas; the Southern  
Seaboard region represents North Carolina. For the specific definitions of these resource regions, see USDA-ERS 2009 (Farm Resource 
Regions) 

Source: USDA ERS 2009c 
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measured by price for specialized farms, which suggests that specialization is tied to the 

separation of hog production from feed procurement and the land the farm occupies.  

However, compound feed use may arise from the increased use of production contracts 

and their requirements (Martinez 2002), the spatial shift from the Corn Belt, or both.  

Specialized farms also possess higher levels of capital investment, which accounts for the 

larger size of these farms and the lower labor cost as measured against the value of 

production.  Feeder to finish farms resemble farrow to finish farms in cost structure, 

though by 2008, production value exceeded both operating and overhead costs.  This 

suggests that specialized stages prior to feeding differ from those after in their input 

needs.  Finally, Heartland farms increased the nominal spread between production value 

and operating costs, while the spread in the other two regions decreased.  This may 

indicate an adjustment to industry changes that date to the 1980s and the development of 

specialized farms in the Heartland.  Feed costs increase with distance from the Heartland, 

while labor cost as a proportion of overhead costs is particularly low in the Southern 

Seaboard.  However, it is not known to what extent regional differences are the product 

of different distributions of farm types or regional variation in the costs of production. 

The rise of contracts as the modal form of transaction organization is, in part, 

responsible for the increased scale and specialization of hog farms (Key and McBride 

2007:7; RTI International 2007b).  Contracts formed among specialized farms before 

they formed between packers and farmers in this industry (Rhodes 1995).  In addition, 

contracts take to forms.  Production contracts, the most widely used form in this industry, 

place farmers in a fee-for-service relationship with the contractor.  Farmers assume very 
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little risk, very little direct cost for inputs, and contractors generally supply feeder pigs, 

veterinary services, feed, and transportation in order to generate greater homogeneity in 

the product delivered (MacDonald and Korb 2006:18-19).  The proportion of hogs 

produced under contract increased from 34% in 1996-1997 to 76% in 2005, but the 

proportion of these hogs that were produced under production contracts fluctuated 

between 85% and 92% over this period (MacDonald and Korb 2008:11,13).  The typical 

service for production contracts among farmers is hog feeding.  Contractors contract hog 

feeding to other famers in order to produce scale economies in farrowing operations, 

which rely on the spread of capital and scientific investments over large numbers of 

animals (Rhodes 1995; MacDonald et al. 2004:42-43).  The less used marketing contract 

form specifies a delivery schedule, general characteristics of delivered products, and 

negotiated prices based on spot market prices at the time of contract fulfillment (Martinez 

2002).  As such, they are especially prevalent between farmers and packers and they 

entail higher levels of risk and reward for farmers.  Finally, contracts among specialized 

farms represent the majority of coordinated activities outside the spot market.  In 2004, 

56% of farmer contracts were with integrators that possessed no processing capacity, 

19% were with processors, and 18% were with processors that provided inputs 

(MacDonald and Korb 2008:16-17).  Input provision is typically associated with 

production contracts, but this is not a requirement.  As a contrast, the more tightly 

coordinated poultry industry relies on a larger role for processors.  12% of farm contracts 

are with integrators with no processing capacity, 41% are with processors, and 45% are 

with processors that provide inputs.  This contrast illustrates the importance of the 
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emergence of integrators to the operation of the industry.  As will be discussed below, 

these integrators tend to specialize in the farrow to feeding stage of production, and 

through attention to size and to the presence of breeding stock, the development of 

integrators can be measured empirically. 

3.3 Hog Farming in the United States 

Industry operation and actor interests vary over time and space.  This section 

presents an empirical overview of hog farming within the United States and selected 

states to detail the changing characteristics of the industry and to map out the complexity 

of the dependent variables used in the statistical models.  Specific measures of many 

relevant characteristics are not available for portions of the study period due to the recent 

nature of industry changes and the associated lag for available data.  This section 

employs measures that serve as reasonable proxies for the measurement of outcomes of 

the processes discussed above.  Rationales for these proxies are discussed, and contextual 

information not available for statistical modeling at the state level is discussed. 

3.3.1 The United States Context 

Specialization at the farm and regional levels are correlated with the nearly 50 

percent increase in total marketings, production, and the decline in nominal income over 

the last two decades, shown in table 3.2.  Production of pork meat did not rise as quickly 

as the production of raised hogs, which indicates a decline in the average size of a 

marketed hog that resulted from the standardization of farm output raisedabove.  The 

spread of contracts also reduced the ability of farmers to retain hogs until favorable prices 

are present, during which hogs continued to feed and grow.  Increased litter sizes and the 
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increased prevalence of intermediate markets in feeder pigs, as represented by the sharp 

increase in inshipments, further indicate increased efficiency.  The increase in 

inshipments, marketings across state lines not for slaughter, is especially noteworthy 

because of its connection to a spatial distribution of the costs of factors of production and 

its timing with respect to other industry developments, namely packer consolidation and 

farm-level specialization. 

Empirical measurement of specialized roles is only possible with survey data 

dating to the 1990s and the 2002 Census of Agriculture.  To capture a broader period, this 

study uses several proxy measures.  The production of feeder pigs as separate from the 

production of hogs marketed to packers is measured by the proportion of all marketed 

swine accounted for by feeder pigs and the proportion of farms with these sales.  As 

specialization develops, these proportions will grow as will the difference between the 

total number of swine marketed during the year and the total number of hogs sold to 

packers.  The proportion of operations with breeding hogs is also used, with a decreasing 

proportion indicative of specialization and in particular, the decline of the farrow to finish 

form of organization.  Finally, the proportions of operations with fewer than 100 hogs, 

with more than 1,000 hogs, and the proportions of swine on these farm types, are 

included.  These particular size classes are the most consistent categories and their use 

assumes a positive correlation between specialization and increased size.  However, size 

classes are unable to concretely track the development of specialized hog farm roles, are 

unable to track the development of hog farms as farms that only produce a single crop, 

and may not accurately reflect small and large farm classification over time. 
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Table 3.2: Characteristics of Hog Farming, United States, 1959-2002 

Measure  1959 1969 1978 1987 1997 2002 
Industry Measures       
Value of hog production 
(billions of dollars) 

3.00 4.54 9.14 10.42 12.55 8.69 

Proportion of total farm sales1 8.9% 9.4% 8.1% 7.4% 6.0% 4.5% 
Avg. price received per 100 
pounds (dollars) 

14.1 22.2 46.6 52.3 52.9 33.4 

       

Production Measures       

Total marketings (million head) 84.38 88.34 81.43 83.86 104.30 129.04 
Proportion of marketings, 
inshipments 

2.8% 3.5% 5.8% 4.5% 14.3% 22.8% 

Total production (billions of 
pounds) 

21.27 20.49 19.61 20.41 23.98 26.27 

Average litter size 7.033 7.351 7.117 7.770 8.676 8.850
Source: USDA various years (b); USDA NASS various years (f) 

The management capacity of the average farm increased over time due to 

competition and specialization at the farm level, technological and capital improvements, 

and changes to industry organization (Key and McBride 2007:14-18; Rhodes 1995).  In 

fact, the very size categories into which farms are grouped in the Census of Agriculture 

change over time, which illustrates the variable nature of ‘large’ or ‘small’ farms.  This 

study fixes a definition based on consistent size groups over the study period, and this 

definition will vary in its ability to capture the meaning of large and small over the 

period.  Finally, the study presents figures based on both inventory and sales.  Sales 

represent an annual total, while inventory represents a snapshot at one point in time.  As a 

result, the measures may produce differences in their relation to other variables. 

Table 3.3 displays the total numbers of farms, hogs, and their proportions by size  

                                                 

1 Total farm sales are available annually only for livestock and major crops.  Minor crops are not assessed except 
during Census years.  As a result, off-Census year estimates will be higher than actual figures. 
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and by specialized role.  The sheer decline in the numbers of operations with either 

inventory or sales is striking given similar changes to agriculture as a whole.  While 

farms declined in number by 43%, from 3.7 million in 1959 to 2.1 million in 2002 

(Dimitri and Effland 2005), hogs farms with inventory and with sales fell 96% and 94% 

respectively.  The proportion of farms with fewer than 100 hogs fell and the proportion 

with more than 1,000 increased.  Most of these changes appear after 1978.  Large farms 

accounted for 34% of hog sales and 4% of farms in 1978, but 96% of sales and 24% of 

farms in 2002. 

The proportion of operations with breeding stock fell after 1964, and the 

proportion of hogs composed of breeding stock fell after 1969.  The former indicates 

farm level specialization and the erosion of the farrow to finish form of organization, 

while the latter indicates the efficacy of efforts to increase litter size.  The measures of 

specialization into feeding stage of production present a mixed picture.  The difference 

between total marketings to packers and total sales increased as did the proportion of 

sales represented by feeder pigs.  This indicates a growth in intermediate markets among 

farms and by extension, specialized farm roles.  However, the proportion of farms with 

feeder pig sales peaked in 1978.  At least two possibilities may explain subsequent 

decline.  First, 1978 may be a point where role specialization was evolving but farm size 

had yet to increase enough to affect drastically the total number of farms within each role.  

Second, feeder farms may have been supplied initially by farrow to finish farms.  Over 

time, feeder pig suppliers emerged and surpassed farrow to finish farms in scale.  Either 

way, the 1980s represent an inflection point in the organization of hog farming. 
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The comparison of inventory and sales numbers reveals two other observations.  

First, the discrepancy between the number of farms with inventory and with sales 

declines dramatically.  A discrepancy between 1959 and subsequent years suggests that 

1959 is an outlier, but this elimination of this difference over time suggests that the 

incentive or ability to retain hogs was reduced during especially high prices present in the 

1970s and 1980s (Nelson and Duewer 1997:13).  The subsequent ascension of the 

contract form of transaction reduced the capacity of farmers to retain hogs irrespective of 

incentives.  However, the observed capacity to retain hogs and control exposure to low 

prices is speculative because this capacity was not indefinite.  Second, the difference the 

total numbers of hogs in inventory and sold increases after 1974 and especially after 

1987.  As with the difference between hogs sold and marketed to packers, the difference 

points to the creation of intermediate markets for pigs and specialized roles. 

3.3.2 Geographical Variation in Hog Farming, Selected States 

National trends mask the rise of production outside the traditional Corn Belt 

region where feed is cheapest.  To assess the relation between emergent specialization 

and the regional distribution of farming, characteristics of production for a subset of 

states are presented.  The relative sizes of operations, measures of specialized roles 

played by states within an emergent national industry, the timing of substantial changes 

in farming, and actual levels of production are used in conjunction with national figures.  

For brevity, this section reduces the number of time points and only uses sales figures.  

The statistical models presented in chapter 6 will also use only sales measures. 
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Table 3.3: Hog Farms and Hogs in the United States, 1959-2002, Inventory and Sales 

Measure  1959 1964 19691 1978 1987 1997 2002 
Farms with Inventory        
Operations, inventory 1,848,784 742,470 686,097 445,117 243,398 109,754 78,895 
Inventory (million head) 58.05 67.95 60.60 56.54 50.92 56.12 59.72 
Proportion, ops., <100 hogs NA 46.7% 75.3% 68.1% 12.3% 7.5% 7.7% 
Proportion, ops. , 1,000+ hogs NA 0.3% 0.3% 1.6% 4.0% 11.6% 15.1% 
Proportion, ops., for breeding 47.9% 90.0% 76.2% 73.9% 69.0% 56.5% 49.9% 
Proportion, hogs, <100 hog NA 26.6% 25.0% 13.8% 7.2% 1.9% 1.3% 
Proportion, hogs, 1,000+ hogs NA 6.0% 6.8% 22.6% 38.0% 75.3% 86.7% 
Proportion, hogs, for breeding NA 14.7% 15.2% 14.7% 13.2% 11.2% 10.2% 
        
Farms with Sales        
Operations, sales 1,273,365 802,620 645,129 423,578 238,819 102,106 82,028 
Sales (million head)2 80.90 83.54 74.62 90.76 96.57 142.61 185.00 
Proportion, ops., < 100 hogs 80.2% 80.0% 53.5% 56.0% 46.0% 47.1% 54.4% 
Proportion, ops., 1,000+ hogs NA 0.1% 1.3% 3.7% 10.0% 19.3% 23.7% 
Proportion, ops., feeder pigs NA NA 9.7% 30.2% 27.8% 16.8% 12.7% 
Proportion, hogs, < 100 hogs NA 22.9% 13.6% 8.8% 3.7% 0.8% 0.4% 
Proportion, hogs, 1,000+ hogs NA 7.9% 13.3% 34.2% 57.5% 89.1% 95.7% 
Proportion, hogs, feeder pigs NA NA 20.2% 21.5% 21.0% 24.5% 26.4% 

Source: USDA various years (b) 

                                                 

1 Italicized items indicate proportions based on commercial farms, not all farms.  See Appendix B for the definition of commercial farms.  Commercial farm operations 
with inventory total 532,204 in 1969 and capture 97% of hog inventory. 
2 Total sales differs from total marketings in that it includes all intermediate sales.  The discrepancy between this figure and total marketings will increase over time if 
more hogs are sold between specialized operations.  To some extent, the sale of feeder pigs adjusts for this difference. 
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North Carolina most clearly exhibits a status change in its industry role over the 

period, as shown in table 3.4.  The proportion of national swine sales accounted for by 

North Carolina rose from 2% in 1959 and 4% in 1978 to 23% in 2002.  Minnesota is the 

only other state included in this study to increase its share of national sales over the 

period, from 7% in 1959 to 10% in 2002.  With few departures, the alternative measure 

of hogs marketed to packers illustrates similar trends.  Iowa, Minnesota, and Texas 

increased their shares of national hog farms over the period.  Minnesota’s growth in 

production and farms are comparable, 40% and 30% respectively.  With the exception of 

Texas, the proportion of U.S. hog farms accounted for by each state is lower its 

proportion of national production by 2002, which indicates larger than average farm size 

and a clear, central role played by these states in the national industry.  As the share of 

national farm sales did not increase for Iowa, Texas, and Illinois, average farm size did 

not grow as rapidly in these states than for the nation as a whole. 

Some evidence of increased specialization is suggested by increased farm size and 

other measures of specialized roles.  Between 1959 and 1978, farm size increased for all 

states as measured by the proportion of farms with more than 1,000 hogs sold.  With the 

exception of Texas, this trend continued through 2002, albeit at very different rates.  Iowa 

and North Carolina led in the development of large farms, though North Carolina exhibits 

a more bimodal distribution of farms by size than Iowa.  Illinois and Minnesota appear 

the most similar as measured by these proportions. 

Second, the difference between the proportion of national swine sales and the 

proportion of national marketings to packers measures the development of within-state  
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 Table 3.4: Hog Farm Characteristics in Selected States, 1959-2002 

 Year Iowa Illinois Minnesota North Carolina Texas 
General Measures 
 Proportion of U.S. Operations with Sales 
 1959 10.7% 7.2% 6.0% 4.9% 3.2% 
 1978 14.2% 6.9% 6.2% 3.7% 2.4% 
 2002 13.7% 5.3% 7.8% 2.8% 4.8% 
       
 Proportion of U.S. Sales 
 1959 23.0% 13.1% 7.3% 1.8% 1.5% 
 1978 24.3% 10.2% 7.3% 3.7% 1.4% 
 2002 22.3% 6.4% 10.1% 22.7% 0.9% 
       
 Proportion of U.S. Marketings 
 1959 23.3% 13.3% 7.6% 1.9% 1.4% 
 1978 24.3% 11.3% 7.8% 3.6% 1.5% 
 2002 22.4% 7.1% 10.6% 15.1% 1.1% 
       
Specialized Measures 
 Proportion of State Operations, Fewer than 100 Hogs Sold 
 1959 45.4% 61.1% 72.8% 96.0% 94.1% 
 1978 26.1% 40.4% 44.5% 72.2% 80.4% 
 2002 11.5% 26.2% 31.4% 30.7% 90.0% 
       
 Proportion of State Operations, More than 1,000 Hogs Sold 
 1964 0.7% 1.3% 0.3% 0.3% 0.5% 
 1978 7.2% 7.1% 4.3% 3.9% 1.9% 
 2002 55.7% 37.1% 41.4% 64.1% 0.9% 
       
 Proportions of State Operations, Breeding Stock 
 1959 80.1% 72.3% 70.4% 30.8% 30.8% 
 1978 80.1% 79.9% 77.7% 71.6% 64.0% 
 2002 43.0% 58.9% 43.8% 35.5% 51.4% 
       
 Proportions of State Operations, Feeder Pigs Sold 
 1969 16.8% 19.9% 24.7% 26.7% 29.8% 
 1978 22.0% 22.9% 34.2% 44.4% 35.7% 
 2002 16.5% 14.0% 16.0% 32.1% 28.3% 
       
 Proportion of Sales, Feeder Pigs 
 1969 11.8% 12.6% 20.8% 23.3% 21.8% 
 1978 17.6% 13.9% 27.6% 26.8% 18.1% 
 2002 38.3% 32.1% 37.2% 72.6% 17.2% 
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Table 3.4 continued 
 Year Iowa Illinois Minnesota North Carolina Texas 
 Inshipments as Percentage of Total Marketings 
 1959 5.1% 2.4% 1.3% 0.1% 1.2% 
 1978 8.3% 6.2% 4.3% 1.7% 1.2% 
 2002 53.2% 17.4% 34.7% 1.3% 3.4% 
       
 Ratio of Pig Crop to Marketings 
 1959 107.4% 111.7% 109.0% 150.2% 143.2% 
 1978 105.3% 106.6% 105.3% 112.7% 105.5% 
 2002 54.2% 85.5% 72.5% 104.8% 121.0% 
Source: USDA various years (b); USDA NASS various years (f) 

specialization in delineated farm roles.  Only North Carolina contained a smaller share of 

the nation’s marketings for slaughter than sales for all hogs and pigs in 2002.  This means 

that packers within North Carolina did not slaughter all of the swine sold by farmers in 

the state.  North Carolina’s role as a provider of feeder pigs for other states is supported 

by the high proportion of all swine sales accounted for by farms with feeder hog sales and 

the relatively high ratio of the pig crop to inshipments.  This role may also explain the 

somewhat different trend shown by the proportion of farms that retained breeding stock. 

By contrast, the Corn Belt states resemble the United States as measured by the 

comparisons of the proportions of operations with breeding stock and feeder pig sales.  

Operations with breeding stock rose or remained stable through 1978 but fell by 2002, 

consistent with the rise in farm size and specialization.  Texas departs from both the Corn 

Belt and North Carolina in a manner that suggests a diminution of hog farming and a 

status decline toward a peripheral role.  In all cases, divergence appears to be especially 

pronounced after 1978, though the trajectory of change is similar pre- and post-1978 for 

Texas.  Finally, the presence of relatively low levels of production before 1978 in the 
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cases of the non-Corn Belt states suggests that these states simultaneously produced new 

processor capacity and specialized farms.  

The contrast between Corn Belt states and other states indicates the importance of 

feed as a crucial axis of spatial delineation of the roles played by states.  All Corn Belt 

states imported large numbers of feeder pigs after 1978, which indicates a cost advantage 

in the feeding to finish stage of production and feed.  By contrast, North Carolina and 

Texas received very few pigs from other states.  The ratio of farrowings to hogs marketed 

for slaughter for these states suggests that North Carolina and Texas both increased their 

capacity to slaughter hogs produced in state and developed a specialization in the 

production of feeder pigs for other states.  In 1959, farmers farrowed 50% more pigs in 

North Carolina than they marketed for slaughter, but by 2002, this figure declined to 5%.  

Growth in slaughter capacity exceeded the increase in marketed hogs, although feeder pig 

shipments to other states remain important.  For Texas, the corresponding figures are 

43% and 20%., and broad industry decline most likely explains Texas’s declining trend. 

3.4 Meatpacking and Pork Processing Characteristics 

Given the disadvantage faced by farmers outside the Corn Belt in feed costs, 

growth in swine production presents a puzzle.  The different cost structures for 

specialized farms may contain a spatial component beyond that observed for feed.  

Specifically, North Carolina’s growth may be due to the increase in labor needs of 

especially large farms or farms that specialize in the production of feeder pigs, the more 

labor-intensive segment of farming.  However, the feeding stage of hog farming 

developed after the initial rise of North Carolina’s prominence as measured by hogs 
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marketed to packers, which reduces the power of this explanation.  The addition of 

attention to developments within meatpacking introduces one alternative explanation; as 

a funnel “through which raw materials from millions of independent producers must pass 

to reach millions of consumers” (Skaggs 1986:105), packers carry a disproportionate 

effect on the location of agricultural production based on where they choose to locate.  As 

with farmers, the locations of packers are correlated with the economic characteristics of 

particular locations, and packer relocation may precede the relocation of farming.  This 

section details the manufacturing stage of production in the United States and the case 

states to assess the role of manufacturers in industry relocation.  The timing of 

consolidation, the presence of crucial factors of production, and the change in the degree 

packers acquire and apply intra-industry power, measured by the proportion of retail 

value that accrues to packers, are the specific aspects this section details. 

Meatpacking and processing changed substantially after World War II amid 

efforts to improve efficiency and profits through capital investment and specialization by 

species at the plant level (MacDonald et al. 2000:13), reduction in labor costs per unit of 

output (Ollinger et al. 2005, 2006), improvement of feed conversion efficiency at the 

farm level (Key and McBride 2007:14), and efforts to increase public consumption amid 

a consumer preference shift toward poultry and a long term decline in pork consumption 

(Davis and Lin 2005:4; Haley 2001:45).  Coordination with farming activities through 

contracts are a crucial mechanism by which these aims are realized to the benefit of 

manufacturers, though the latest wave of consolidation and heightened competition 

among packers predates their emergence.  Concentration is not a new topic to the 
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industry; the Justice Department employed the Sherman Anti-Trust Act against the 

National Packing Company and the “Veeder Pool” of manufacturers in the early 1900s 

(Skaggs 1986:99-101; USDA GIPSA 1996:12).  However, whereas early 20th century 

concentration was based on vertical integration of such items as warehouses, stockyards 

and ranches, and even railroads, concentration today pursues efficiency gains through 

technological innovations and relocation of production to where hogs are produced, scale 

economies through larger plant size, the separation of slaughter and processing activities, 

and the production of retail value through branding efforts and processed product 

production (Ollinger et al. 2005:7-9; MacDonald et al. 2000:13-14). 

Measures for red meat production and producer characteristics cannot be 

disaggregated meaningfully by meat type for states, though pork’s share of red meat 

production can be estimated roughly at the national level.  This section will employ, 

where possible, estimates of the pork industry, but will use measures of red meat 

production for states.  The basis of estimation is the proportion of total product shipments 

for the red meat industry composed of pork products.  To compensate for the presence of 

meat products that are not specific to meat type, this section will include two categories.  

Primary pork products are wholly composed of pork, while secondary pork products, 

such as sausage or canned meats, may contain one or more types of meat but are expected 

to possess significant quantities of pork.  The specific definitions of these classifications 

are included in appendix A.  To determine the suitability of this data for modeling, pork-

specific data collected by the Department of Agriculture is compared with the primary 

data source.  It should be noted that the proportion of the red meat industry composed of 
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pork likely varies at the state level.  Texas and North Carolina represent the most likely 

outliers; Texas is likely to be disproportionately oriented toward the cattle industry, while 

North Carolina is not within the core cattle production region. 

3.4.1 Meatpacking Characteristics in the United States 

Significant developments in meat and pork manufacture precede the sweeping 

changes in the organization of hog farming activities, in many cases by a decade, though 

MacDonald et al. clearly state that plant relocation followed the relocation of farming 

activities (2000:iii).  Table 3.5 displays general characteristics of the meatpacking and 

pork industries for the United States over the study period.  The value of meatpacking 

activities and the proportion of this value in excess of material costs generally increased 

over the period, as did capital expenditures and employment.  Employment fell in the 

pork industry between 1977 and 1987 while hog slaughter and value received by 

manufacturing activities increased.  Prior to this, the proportion of product value 

represented by value added declined for meatpacking generally, from 16.6% in 1968 to 

15.2% in 1977.  This suggests that manufacturing began to adjust to the relatively 

difficult conditions of the 1970s and importantly, the entrance of new firms (Ollinger et 

al. 2005:8).  It is noteworthy that capital investment increased at a faster rate between 

1968 and 1977 than between 1977 and 1987, which may indicate two distinct 

phenomena: investment that led to smaller margins and consolidation into larger plants 

(Ollinger et al. 2005:8; Ollinger et al. 2006).  After 1987, manufacturing activities grew 

across most measures, especially in terms of value added as a share of total retail value. 
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Table 3.5: U.S. Meatpacking Industry Characteristics, 1958-2002 

 1958 1967 1977 1987 1997 2002 
Establishments and Establishment Size Characteristics 
Non-poultry packing 7,595 6,943 6,249 4,772 2,930 3,435 
Prop., 20+ employees 26.2% 27.9% 30.6% 41.8% 39.3% 32.7% 
Non-poultry slaughter*  NA 9,627 6,127 5,006 3,419 3,207 
Federally inspected 
non-poultry slaughter*  

NA 585 1,687 1,483 954 881 

Federally inspected 
hog slaughter*  

NA NA 1,231 1,182 770 683 

       
Value of Production (billions of dollars) 
Meatpacking 12.17 19.38 39.67 62.09 81.10 84.54 
    Primary pork 3.95 4.95 9.43 14.48 19.64 19.68 
    All pork 6.07 8.32 15.92 22.84 29.01 29.42 
Prop. meatpacking, 
primary pork 

32.5% 25.5% 23.8% 23.3% 24.2% 23.3% 

Prop. of meatpacking, 
all pork 

49.9% 42.9% 40.1% 36.8% 35.8% 34.8% 

       
Value Added as Proportion of Total Value 
Meatpacking 15.6% 16.6% 15.2% 15.7% 22.3% 24.5% 
       
Capital Expenditure (millions of dollars) 
Meatpacking 80.1 146.2 388.3 498.6 1,175.1 1,366.8 
       
Employment (thousands) 
Meatpacking 249.4 220.3 211.2 192.6 240.7 263.2 
    Primary pork 77.3 60.2 57.8 48.5 61.6 63.8 
    All pork 96.2 84.2 75.9 68.9 97.4 101.2 
       
Production Measures 
Hogs slaughtered 
(millions)* 

81.59 
(1959) 

85.22 77.30 81.08 91.96 100.26 

Slaughter weight 
(billions of pounds) 

19.31 
(1959) 

20.38 18.33 20.06 23.53 26.56 

Table notes: items with asterisks are sourced to annual USDA series.  All other items are sourced 
to the Census of Manufactures. Estimates for pork employment based on proportion of non-
poultry meatpacking shipments composed of pork products. 
 
Source: Bureau of the Census various years (b); USDA NASS various years (e), (f) 
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Increased consolidation of production into fewer and larger plants accompanied 

increased capital investment and variable swings in production.  Table 3.5 shows a 

substantial decline in the number of slaughter firms and an increase in average size as 

measured by employment.  The pace of change is steepest between 1987 and 1997.  By 

1987, more than 40% of meatpacking establishments contained at least 20 employees.  

After 1997, growth in the number of establishments, and disproportionate growth in small 

establishments, is apparent. 

To incorporate pork-specific manufacture data, data from the “Livestock 

Slaughter” series is included in this section.  This study does not model this data in 

chapter 6 for several reasons.  First, some data elements are not available at the level of 

states.  Second, while Census data does not disaggregate red meat production by animal 

type, the “Livestock Slaughter” series only disaggregates this information for inspected 

plants, and though these plants capture the vast majority of hog slaughter, they under 

represent small plants; federal inspection is only required when livestock purchases 

exceed $500,000 per year or when finished products cross state lines (MacDonald et al. 

2000:10).  Finally, significant discrepancies in establishment counts exist between these 

two series, though these discrepancies decline over time.  For example, nearly 10,000 

slaughter establishments were reported by the “Livestock Slaughter” series, but only 

7,000 were reported by Census of Manufactures in 1967.  By 2002, these numbers only 

differed by about 200 establishments.  It is not known which data source more closely 

reflects reality, and this study maintains consistency with the use of the Census source. 
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Consolidation at the level of plants and companies is evident in both red meat and 

pork packing across data sources.  As shown in table 3.6, most hogs are slaughtered in 

the relatively few, very large plants with a capacity of at least 100,000.  The proportion 

slaughtered at these large plants did not change appreciably over time, but the number of 

these plants declined by over half, which indicates increasing size.  Consolidation into 

fewer companies is also a recent phenomenon, though a previous wave occurred early in 

the twentieth century.  In 1980, the top four companies accounted for 33.6% of hog 

slaughter and the top 20 accounted for 71.2%.  By 2005, these figures were 63.5% and 

93.3% respectively (USDA GIPSA 2008). 

The majority of inspected plants produce pork, though whether these plants 

exclusively produce pork is not clear.  If so, it indicates that pork slaughter is on a smaller 

average scale than cattle slaughter.  In 2002, federally inspected pork processors 

amounted to 55% of their number in 1977.  This is in line with the 55% of the non-

poultry packing establishment population present in 1977, that remained in 2002.   

However, comparison across data series suggests that the 20 or more employee threshold 

likely does not represent concentration within the industry.  A final question is whether 

establishments with 20 or more employees fall disproportionately among specific red 

meat types given the relatively large size for cattle plants apparent in the “Livestock 

Slaughter” series.  Both series are presented in this chapter, but it is not known which is 

more representative of the industry.  Again, Census data is used to maintain consistency 

across the industries. 
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Table 3.6: Hog Slaughter Plant Size, United States, 1977-2002 

 1977 1987 1997 2002 
Federally Inspected Plants 
Total 1,231 1,182 770 683 
< 1,000 hogs 823 811 495 433 
< 100,000 hogs 1,114 1,095 714 631 
> 100,000 hogs 117 87 56 52 
> 1,000,000 hogs NA 36 32 29 
     
Federally inspected plants as 
proportion of all plants 

20.1% 23.6% 22.5% 21.3% 

     
Proportion of Total Slaughter, Federally Inspected Plants 
Total 95.8% 96.4% 99.5% 98.2% 
< 1,000 hogs 0.3% 0.4% 0.2% 0.1% 
< 100,000 hogs 5.6% 4.9% 3.7% 3.2% 
> 100,000 hogs 90.1% 91.4% 95.8% 95.0% 
> 1,000,000 hogs NA 66.2% 87.7% 87.4% 

Source: USDA NASS various years (e) 

3.4.2 State Level Manufacturing Characteristics 

Meatpacking plants tend to be located near farming activities because 

transportation costs are reduced, because these locations tend to provide more sourcing 

options, and because labor forces are less likely to be unionized relative to urban areas.  

At the state level, the shift away from the Corn Belt is mirrored by the formation of 

meatpacking capacity in North Carolina and other non-traditional states.  However, 

substantial differences exist among the Corn Belt states of Iowa, Minnesota, and Illinois.  

This section details manufacturing within specific states to assess causality in the 

relationship between farmers and manufacturers.  Of crucial importance are the timing of 

shifts in these activities at the level of states and the development of a specialized role in 

the manufacturing component of the industry at the state level. 
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To some extent, the spread of meatpacking outside the Corn Belt mirrors the 

spread of hog farming activities.  Disaggregation of red meat production is not possible 

due to data limitations, but among the selected states, Texas is most heavily reliant on 

cattle production and North Carolina is least reliant.  The three Corn Belt states are 

relatively specialized in the fed stage of farm production due to inexpensive feed 

(McBride and Key 2003), and all produce both beef and pork.  Table 3.7 presents a 

mixed picture of the timing of changes among manufacturers compared those among 

farmers.  As measured by hog slaughter, Iowa, Illinois, and North Carolina increased 

their proportions of national production between 1959 and 1978, and all states except 

Texas increased subsequently.  In comparison with the farm sales information presented 

in Table 3.4, only Iowa and Illinois possessed a greater proportion of hog slaughter than 

proportion of marketed hogs, a clear indication of specialization into pork processing.  

North Carolina and Texas were the only states to see a rise in the proportion of national 

meatpacking value and employment.  But as discussed above, Texas is generally oriented 

toward cattle production at the level of farms, which raises the question of the suitability 

of red meat production measures as a substitute for pork measures.  

On the other hand, more detailed investigation of the industry is possible with the 

Census series, granted the caveat that this series may not accurately represent Texas 

because of the importance of cattle production.  All Corn Belt states declined in terms of 

proportion of national meatpacking employment and industry value over the study period.  

Establishment measures conflict between data series to some extent in the cases of Iowa 

and Texas, where considerable difference in the product mixes of manufacturers is  
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Table 3.7: Meatpacking Characteristics, Selected States, 1959-2002 

 
Iowa Illinois Minnesota 

North 
Carolina Texas 

Proportion of US Hog Slaughter    
1959 18.6% 6.9% 6.9% 1.2% 2.4% 
1978 25.3% 7.7% 6.6% 2.5% 1.4% 
2002 28.8% 9.2% 8.8% 10.2% 0.4% 
      

Proportion of US Industry Value, Meatpacking 
1958 12.3% 13.5%; 

7.4% (1963)
6.9% 0.6% 4.5% 

1977 13.2% 6.1% 4.2% 1.2% 9.3% 
2002 9.1% 6.6% 3.6% 2.9% 10.2% 
      

Proportion of US Employment, Meatpacking 
1959 10.1% 10.0% 6.2% 0.9% 6.5% 
1977 10.8% 6.8% 4.1% 1.9% 8.0% 
2002 9.8% 6.8% 3.6% 4.4% 8.9% 
      

Proportion of National Federally Inspected Pork Plants 
1978 2.0% 1.5% 4.4% 1.7% 3.2% 
2002 2.6% 3.1% 3.7% 3.5% 3.4% 
      

Proportion of National Meatpacking Plants 
1967 6.0% 6.0% 4.6% 1.5% 8.7% 
1978 6.3% 3.9% 5.0% 2.5% 6.8% 
2002 5.0% 3.7% 4.5% 1.9% 4.0% 
      

Proportion of National Meatpacking Establishments (Census) 
1958 1.7% 6.0% (1963) 1.3% 2.7% 5.8% 
1977 1.6% 2.9% 0.8% 1.8% 3.9% 
2002 4.2% 5.1% 3.1% 3.2% 7.3% 
      

Proportion of National Meatpacking Establishments with at least 20 Employees (Census) 
1958 2.2% 6.2% 1.7% 2.2% 5.2% 
1977 4.0% 5.8% 1.9% 1.8% 7.5% 
2002 5.2% 8.2% 2.8% 4.3% 7.6% 
      

Proportion of State Meatpacking Establishments with at least 20 Employees (Census) 
1958 45.2% 35.1% 44.6% 28.9% 30.8% 
1977 45.6% 37.3% 44.6% 18.9% 35.4% 
2002 40.0% 52.2% 29.0% 43.6% 34.0% 

Source: Bureau of the Census various years (b); USDA NASS various years (e) 
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possible and among farmers definite.  Most important, all case states generally possess a 

larger proportion of plants with more than 20 employees than the national average, with 

only two departures, North Carolina in 1977 and Minnesota in 2002.  In addition, 

declines in the proportions of plants with at least 20 employees between 1977 and 2002 

are present for Iowa, Minnesota, and Texas, a result of the large increase in smaller plants 

between these years.  All five states increased their proportions of national meatpacking 

establishments with at least 20 employees, which suggests specialization into the 

manufactures segment of the industry relative to the nation as a whole.   

Texas’ second place rank in 1977 and third place rank in 2002 in the proportion of 

national pork plants that fall under federal inspection is noteworthy.  If this measure is an 

accurate reflection of all pork slaughter plants, it suggests that Texas is an anomaly, 

possessive of a strong manufacturer presence but a small farm presence.  No clear 

explanation is provided by the literature, but two possibilities may explain this 

observation.  First, as discussed in the next section, Mexico’s importance to U.S. pork 

exports may pull manufacturing capacity toward the border.  Second, labor conditions 

and worker recruitment may be a factor.  As discussed below, Texas and North Carolina 

possess meatpacking wage rates below those for the nation.  In combination with 

increasing capital intensity and restructuring of the meatpacking process, recruitment of 

immigrant and rural workers increased while job security and unionization declined 

(Kandel and Parrado 2005:452).  Only since 2000 have more than half of all Hispanics 

lived outside the traditional Southwestern states of Arizona, California, Colorado, New 

Mexico, and Texas (Kandel and Parrado 2005:447; Kandel and Cromartie 2004). 
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Substantial differences in meatpacking and manufacturing wages across states are 

present.  As shown in table 3.8, meatpacking wages were higher than manufacturing 

wages between 1959 and 1977 in the United States, though compound annual growth 

rates of meatpacking wages generally lagged behind those for manufacturing wages 

between 1959 and 1997.  Meatpacking wage growth exceeded 7 percent per year between 

1969 and 1977, declined to 2.2 percent between 1988 and 1997, and rose between 3 and 4 

percent per year in every other period.  Both increases in productivity and high rates of 

inflation likely account for periods of high wage growth.  Meatpacking wages are 

generally higher than the national average in the Corn Belt states and are consistently 

lower in North Carolina and Texas.  Manufacturing wages are similar to meatpacking 

wages with the exception of Texas, where manufacturing wages are roughly similar to the 

national average.  Interestingly, meatpacking wage growth rates are higher than those for 

the U.S. over the period for all displayed states except Iowa and are highest for North 

Carolina and Texas.  Except for Minnesota, wages generally increased faster in 

meatpacking than for manufacturing as a whole. 

In summary, while North Carolina and Texas met with the fastest wage increases, 

wages still fell well below the national average and wages present in Corn Belt states.  

Second, Iowa seems to display employment and wage trends that differ from Illinois and 

Minnesota after 1977.  Wages fell below the national average in 1997, but the proportion 

of national meatpacking employment declined less than it did for Illinois and Minnesota. 
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Table 3.8: Manufacturing and Meatpacking Wages, United States and 
Selected States, 1958-2002 

 United 
States Iowa Illinois Minnesota 

North 
Carolina Texas 

Meatpacking (States are Ratios to United States Average) 
1959 5,232 1.08 1.01 1.14 .62 .73 
1968 7,730 1.10 1.06 1.14 .73 .84 
1977 14,216 1.14 1.10 1.18 .75 .82 
1987 19,598 1.05 1.07 1.17 .87 .92 
1997 24,355 .96 1.15 1.19 .86 .94 
2002 28,589 .97 1.08 1.21 .90 .94 
       
Manufacturing (States are Ratios to United States Average) 
1959 4,791 1.02 1.07 1.02 .66 .99 
1968 7,263 .99 1.05 1.03 .70 .98 
1977 13,477 1.04 1.08 1.05 .73 .98 
1987 25,100 .96 1.06 1.08 .77 1.01 
1997 33,907 .95 1.06 1.02 .81 1.01 
2002 39,197 .93 1.03 1.02 .85 1.02 
       
CAGR, Meatpacking Wages (%) 
1959-2002 3.94 3.68 4.03 4.07 4.85 4.53 
1959-1968 3.98 4.15 4.18 3.95 5.77 5.41 
1968-1977 7.00 7.45 7.44 7.44 7.26 6.79 
1977-1987 3.26 2.38 3.02 3.13 4.89 4.35 
1987-1997 2.20 1.28 2.93 2.41 2.06 2.43 
1997-2002 3.26 3.55 1.92 3.58 4.28 3.39 
       
CAGR, Meatpacking Wages Relative to CAGR, Manufacturing Wages (%) 
1959-2002 -.96 -1.00 -.76 -.83 -.63 -.43 
1959-1968 -.27 .17 .22 -.38 .89 1.31 
1968-1977 -.11 -.28 -.06 .06 -.26 -.33 
1977-1987 -3.15 -3.15 -3.15 -3.59 -2.12 -2.47 
1987-1997 -.86 -1.62 -.15 .001 -1.52 -.56 
1997-2002 .32 .98 -.40 .50 .47 .24 

Source: Bureau of the Census various years (b) 

3.5 Consumption and Trade 

Trade is less important to the pork industry compared with many other 

agricultural industries, though foreign demand played a substantial role for brief periods.  

For example, foreign demand during World War I led to exports in excess of one billion  
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Figure 3.2: U.S. Pork Production, Imports, and Exports, 1958-2005 

pounds in 1914 (Skaggs 1983:75) and carried significant impacts on prices and on farms 

within the United States (p. 71).  The export peak of 1.9 billion pounds in 1919 amounted 

to 22% of U.S. production (Skaggs 1983:75; USDA ERS 2009e).  A recent reemergence 

of trade in pork and hogs emerged during the 1990s, after the initiation of structural 

changes in both hog farming and pork product manufacture.  Aggregate domestic 

consumption increased over the period, though per capita consumption as measured by 

boneless retail weight declined from a peak of 53 pounds per person in 1971 (USDA ERS 

2009e).  From 1981 through 2005, pork consumption per person fluctuated between 40 

and 50 pounds per person and over the entire period, per capita pork consumption 



 

 92 

increased 3%, in contrast to the 40% increase in all meat consumption, 12% increase in 

beef consumption, and 215% increase in chicken consumption. 

The United States became a persistent net exporter of pork in 1995 and surpassed 

its previous record of 1.9 billion pounds exported in 2004.  Imports fluctuated between 

600 million and one billion pounds per year during the 1990s, down from over 1.1 billion 

pounds during the 1980s, as shown in figure 3.2.  By 2005, pork imports were 5% the 

size of domestic production and exports composed nearly 13% of production.  Trade is 

highly concentrated among a small set of trade partners, as shown in table 3.9.  The top 

five export destinations accounted for over 83% of U.S. exports in 2005 as measured by 

quantity, while the top 5 import sources accounted for 97% of U.S. imports.  Export 

growth is more rapid than import growth, and Mexico accounted for the largest actual 

increase in exports.  East Asia and spatially proximate countries are most important to 

exports, while spatially proximate countries and Europe are important as import sources. 

 Trade in live swine beyond breeding stock exploded during the 1990s, and feeder 

pigs come almost exclusively from Canada.  Hog imports amounted to only 1% the size 

of domestic production in 1984 and surpassed 6% by 2005, while hog exports represent 

less than one half of one percent of domestic production.  Though a small proportion of 

domestic production, imports are significant for two reasons.  First, 95% of Canadian 

feeder pig imports were destined for the Midwest and Corn Belt states in the early 2000s.  

Iowa, Kansas, Missouri, and Nebraska alone receive 60%, while Illinois, Indiana, 

Michigan, Minnesota, Ohio, and Wisconsin receive the remaining 35% (Haley 2004:4).  

By contrast, slaughter hogs are directed toward states where demand exceeds supply, 
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Table 3.9: U.S. Pork Trade, Top 5 Trading Partners in 2005, 1996-2005 

 Weight (millions of pounds) Value (millions of dollars) 
Trading 
Partner 

Trade, 
2005 

% U.S. trade 
2005 

% change, 
96-05 

Trade, 
2005 

% U.S. trade 
2005 

% change, 
96-05 

Exports       
Japan 754.3 37.8 90.9 1,087.3 43.5 43.4 
Mexico 445.2 22.3 796.4 466.1 18.6 369.2 
Canada 250.1 12.5 282.2 391.3 15.6 403.5 
S. Korea 132.0 6.6 588.1 149.6 6.0 494.2 
China 82.3 4.1 4,941.6 64.2 2.6 6,369.8 
Total 1,997.1 100.0 195.5 2,502.1 100.0 122.5 
       
Imports       
Canada 851.0 83.3 89.6 972.5 73.0 119.7 
Denmark 96.7 9.5 -24.0 190.4 14.3 .8 
Poland 17.4 1.7 116.6 36.9 2.8 106.1 
Mexico 17.0 1.7 24,471.3 21.7 1.6 20,585.0 
Italy 7.8 .8 307.2 45.1 3.4 376.3 
Total 1,021.1 100.0 62.7 1,331.6 100.0 85.9 

Source: USDA-FAS 2009. 

particularly in the West (p. 5).  Second, the composition of swine imports changed 

dramatically during the 1990s.  In 1990, 23% of swine imports were composed of feeder 

pigs, while most of the remainder was composed of slaughter hogs.  Feeder pigs 

constituted almost 54% of Canadian imports in 2000 and 68% in 2004.  These two trends 

act to reinforce feeder to finish operations in the Midwest but contain the potential to 

hamper farrow to feeder operations when pork consumption declines. 

The timing of these trends suggests that increased trade is an outcome of changes 

in the pork manufacture and hog farm industry segments.  After the development of 

contract relationships between actors and the restructure of manufacturers in the 1970s 

and 1980s, U.S. manufacturers possessed a cost advantage that allowed them to pay 

higher prices for hogs and draw hogs away from Canadian manufacturers (Hahn et al. 

2005:11).  Developments within Canada, such as a favorable exchange rate, more 
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Figure 3.3: U.S. Hog Production, Imports, and Exports, 1958-2005 

efficient and lower cost breeding operations, and the elimination of transportation 

subsidies for grain producers and the consequent utilization of supplies at the local level, 

are also important to the rapid development of Canadian exports (Haley 2004:15-18).  

Finally, the inability of Mexican producers to keep pace with domestic demand facilitated 

the creation of a north to south movement through North America (Hahn et al. 2005:9).  

3.6 Conclusion 

Meatpacking firms moved to areas proximate to major farm regions in order to 

minimize transportation and labor costs.  In turn, farm activities generally located near 

cheap feed supplies, though labor costs appear to increase in importance over time.  The 

timing of changes among industry components differ, with initial scale increase and 
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consolidation among manufacturers in the 1970s followed by increased farm size and 

relocation of production outside the Corn Belt in the 1980s, and followed in the late 

1980s by an increase in pork exports, hog imports, and relocation of manufacturing 

capacity outside urban areas. 

As noted in figure 3.1, the proportion of retail value that accrues to manufactures 

fell after 1970, and most substantially between 1975 and 1990.  This proportion 

rebounded slightly after 1990, but by contrast, farms’ share of total retail value steadily 

fell after 1975 and amounted to less than one-third of total retail value by 2005.  Retailers 

accrued 18% of retail value in 1970 and 14% in 1975, but nearly 56% in 2005.  Trade’s 

role seems to be that of outcome of industry developments and as reinforcement of spatial 

differences in industry operation; increases in exports benefit manufacturers while 

increases in hog imports supports those farms and manufacturers that purchase these hogs 

and pigs.  The complexity in the relationship between manufacturers and farmers is more 

difficult to assess.  Clear changes among manufacturers are present before widespread 

change within the farming sector.  However, once underway, the increasing size and 

capital intensity of farms wrought additional changes among manufacturers.  Finally, it 

appears that the rise of farming and manufacturing in North Carolina is associated with 

the development of specialized farms and the increasing scale of viable operations.  The 

nature of specialization varies to some extent, with Corn Belt states specialized in the 

feeding stage of production.  However, clear impetus for these changes is not apparent; 

actors work in more formal relationships in order to lower costs and meet consumer 

demands, and manufacturers emerged from a period of severe cost pressure only through 
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consolidation and restructure of the slaughter process.  Comparison with the non-cigar 

tobacco industry and statistical modeling may address this issue more clearly. 

Finally, an important objective of the chapter was the identification of industry-

specific concepts and appropriate measures for use in statistical models.  The most 

important concepts specific to this industry are feed and labor costs, the development of 

specialized farms, and the spread of contracts among farms and between farms and 

packers.  While feed and labor costs are easy to measure, measures of the presence of 

specialized farms and contracts are inconsistent, if available.  Inshipments and other 

measures of state-level specialization display more consistency than available farm-level 

measures.  Contract measures are not available for any appreciable span of time.  This 

study will equate farm size to the change from farrow to finish operation to one of the 

specialized types and will use size classifications available over the entire period. 

In contrast to the tobacco industry, data for the manufacturer segment of the 

industry is plentiful though limited in its specificity to the industry.  Statistical models 

will use red meat processing as a proxy for pork processing in order to preserve 

consistency across the case studies.  Second, employment is used to measure the size of 

the industry due to its relative availability compared with other potential measures.  

Finally, trade is grouped into intermediate and final products, and all final products are 

grouped due to their inconsistent delineation across levels of processing over time.  

Where multiple measures are inconsistent, alternative models will assess these alternative 

measures.
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4. The Structure and Operation of the Non-Cigar Tobacco 
Industry 

Spatial stability defines the tobacco industry over the study period, although a 

substantial shift in farming from the Piedmont of Virginia and North Carolina to the 

relatively rich soils of the coastal plain, from North Carolina through Georgia, emerged 

in the late 1800s (Badger 1981:3; Mann 1981:39-40).  The creation of the allotment 

system in 1938, discussed in detail in chapter 5, effectively froze spatial shifts, first at the 

level of individual farms, and after the 1960s to the level of counties.  This limited 

observable spatial changes in production, but introduced spatial variation in farm size. 

In several respects, the organization of the tobacco industry is more complex than 

that of the pork industry.  Policy is inextricably bound to economic developments within 

the farming segment, both as cause and effect.  For example, Mann notes that farmers 

faced an increased inability to acquire laborers because of the increased seasonality of 

farm labor needs and industrialization within the Piedmont, conditions that stand in 

contrast to those along the coastal plain (Mann 1981:40).  In turn, limited lend-lease of 

allotment led to agglomeration and directly motivated the development of the mechanical 

harvester in 1971 (p. 41).  Second, tobacco is not a monolithic product, but is instead 

composed of different types, most without substitute and each with specific uses.  Finally, 

the tobacco industry possesses a much longer history as a global industry than the pork 

industry.  As a result, change within global markets, and not their creation, is of particular 

interest.  The United States played a central role in the global tobacco trade, but 

American products relied on Oriental tobacco that cannot be produced in the U.S. 
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Application of the theoretical perspectives is complicated by the existence of the 

federal price support system.  Spatial shifts in state-level production will be limited, if at 

all present.  However, structural changes will be observable as measured by the average 

farm size and the presence of small and large farms.  Second, the creation of the price 

support and allotment systems occurs before the study period, in contrast to the 

development of many of the policies in the pork industry.  Third, the consolidation of 

cigarette producers, the primary set of industry actors, also occurs before the study 

period, which limits the study’s ability to assess the relationship between the farming and 

manufacturing segments.  On the other hand, the separation of tobaccos into discrete 

types, each with a different spatial distribution, end use, and pattern to global demand and 

domestic consumption, allows for both a more detailed assessment of the role of global 

markets in domestic production and a more detailed treatment of state level topographical 

and environmental factors of particular importance to this industry.  Cigar tobaccos are 

excluded from this analysis due to the fundamentally different characteristics of industry 

operation and spatial distribution of production.  Cigar tobaccos generally were imported 

or produced in New England and the Middle Atlantic, limitedly possessed price supports, 

were generally produced on farms larger than those in the South, and are non-

substitutable for cigarette tobaccos. 

4.1 Industry Overview 

The process of tobacco and tobacco product production changed little over the last 

century, although technological and organizational developments that dramatically 

altered production requirements.  Figure 4.1 displays the principal activities in the 
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Figure 4.1: U.S. Tobacco Industry Value Chain 
 

Table note: retail/wholesale share also includes sales taxes, auction houses, and stemmers.  None of these can be estimated. 

Sources: Bureau of the Census, 2009b, various years (a), (b); Price Waterhouse 1990; USDA NASS various years (d); United States Department 
of Commerce various years.
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productive process along with vital industry statistics.  Because trade is a sizable 

component of domestic production and because price spread information comparable to 

that for the pork industry is not available, the author calculated farm and manufactures 

shares that account for trade.  The value of domestic consumption at the retail stage is 

used as the base.  To this, exports of products are added and imports of products are 

subtracted to produce the value of all tobacco products produced domestically.  Then the 

value of exported tobacco is added to account for tobacco produced but not used in the 

United States.  Second, to total farm production value, imported tobacco is added to 

provide the value of all tobacco produced or utilized in the United States.  Division of the 

farm value by the value of consumption provides a ratio from which farm value is 

estimated.  Manufacturer share uses consumption as the base, minus imports of products 

and plus exports of products.  The numerator, value of industry production, uses value 

added provided by the Census of Manufactures.  After removal of federal and state excise 

taxes, wholesale and retail activities, auction houses, and stemmeries remain.  This 

method produces results comparable to Capehart’s (2004) analysis of this subject.  Carley 

(1972) estimated the proportion of retail value that accrued to stemmeries at 1.3 percent 

in both 1958 and 1967 and the proportion that accrued to leaf sellers and distributors and 

to leaf storage at 2.6 percent in 1958 and 1.1 percent in 1967.  It was not possible to 

assess this estimate in the present study due to data limitations. 

The sowing season varies by type, but occurs generally in the winter or spring.  

Farmers sow tobacco in temporary tracts of sterilized soil because seedlings are 

especially vulnerable to insect infestation.  After reaching a height of six to eight inches, 
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plants are transplanted into fields and are grown for two to three months (Price 

Waterhouse 1990:II-5).  Harvest may either be done mechanically, as is common in flue-

cured production, or by hand, more prevalent in the Appalachian region (II-5).  In 

addition to harvest method the pattern of maturation is a crucial factor.  Tobacco leaves 

mature from bottom to top, so growers who do not harvest the whole plant at once will 

harvest tobacco primings, ripe leaves, over five to seven weeks (Sumner and Moore 

1993:2; Brown and Terrill 1972).  Primings often occur in flue-cured harvest, but burley 

growers harvest the entire plant at once (Johnson 1984:39).  While seemingly 

straightforward, problems in the harvest process, such as leaf breakage, sunburn, and 

overripe or under ripe leaves, induce complications in subsequent steps (Baley 2006). 

Harvest is immediately followed by the curing process, which reduces the 

moisture content of the leaves whilst inducing chemical changes that reduce harshness 

and convert starches into sugars (Burton and Kasperbauer 1985).  Non-cigar tobacco 

varieties are delineated by the method of curing in combination with the genetic varieties 

of the plant.  Flue-cured tobacco, found principally in the Piedmont and the Coastal Plain 

from Virginia to Georgia, routes heated air into the curing barn where the tobacco is 

located.  Heat sources are also used for fire-cured tobacco, found in Virginia, Kentucky, 

and Tennessee.  But, the heat source is located within the barn and the smoke is used to 

add flavor to the final product (Maksymowicz 1997).  Both light air cured and dark air 

cured do not use external heat sources, but instead rely on air movement through open 

barns.  Burley and Maryland tobacco are the two varieties of light air cured tobacco, and 

both light and dark air cured tobaccos are found in the Appalachian region and Maryland.  
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Curing times vary by method and tobacco condition, with a minimum of a week for flue-

cured production to as long as eight weeks for air cured tobacco (Ellington 2009:208; 

Kuepper and Thomas 2008). 

Until recently, tobacco was purchased exclusively through the auction system at 

local warehouses.  Dimitri (2003) notes that “[n]early 80 percent of U.S. flue-cured 

tobacco is now grown under contract.  Just 4 years ago (1999), all flue-cured tobacco in 

the United was sold in the auction market” (p. 2).  Grades were assigned and used to 

determine minimum prices and assist with quality assessment.  Auctions generally took 

only a few seconds, and as many as 500 lots would be sold at a warehouse in any given 

day (Hanssen 2009).  When prices failed to reach the annual support price, adjusted for 

grade, tobacco was purchased by the local stabilization cooperative at the support price 

with money borrowed from the Commodity Credit Corporation (CCC) (Grise 1995).   

Tobacco grades used for the price support system are based on stalk position, 

color, ripeness, damage or dirtiness, leaf size and density, damage done by curing, and 

other similar characteristics (7 C.F.R. 29 subpart C (January 1, 2009)), though the 

importance of each specific constituent changed over time.  Leaf positions, from bottom 

to top, are primings, lugs, cutters, smoking leaf, leaf, and tips.  Best suited for cigarette 

production are leaf, smoking leaf, and tip and all else equal, these leaves received the 

highest price support level (USDA AMS 1974).  Consequently, the interaction between 

farmers and changes in the price support system carried ramifications for manufacturers 

and, as discussed in the next chapter, may be responsible for the transition to contract 

farming. 
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No matter the buyer, tobacco is immediately transported to either buyer-owned or 

subcontracted facilities for stem removal and redrying, a process that establishes a 

uniform moisture content within the leaves in preparation of tobacco aging (Grise 

1995:20).  Tobacco is packed into casks or hogsheads, each containing 900 to 1,200 

pounds of compressed leaves and is allowed to ferment for one to three years, depending 

on tobacco type (Price Waterhouse 1990:II-11).  Once aged, tobacco moves to the 

manufacturer for production.  In cases where the stabilization cooperative was the buyer, 

ownership may be transferred at any time once prices rise, and the cooperative repays the 

CCC loan with interest.  After the passage of the No Net Cost program in 1982, losses 

and operation costs were shared equally by growers and manufacturers.  Stemmeries also 

reclaimed stems and waste to produce reconstituted tobacco, which is used by cigarette 

manufacturers for blending purposes.  Finally, most American cigarettes are produced 

from a combination of flue-cured, burley, Maryland, imported Oriental, and reconstituted 

tobacco.  Figure 4.2 displays the amount of tobacco used per 1,000 cigarettes by each 

type between 1925 and 1993.  The substantial drop in tobacco usage largely is due to the 
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Figure 4.2: Total Tobacco Usage and by Type per Thousand Cigarettes, 
1925-1993  

Source: USDA-ERS 1996 

addition of reconstituted and puffed tobacco by manufacturers to reduce leaf usage 

(Campbell 1972:112-113).  In addition, the decline in the usage of domestic flue-cured 

and burley tobacco and the concomitant rise in the usage of imported tobacco indicates 

the increasing substitution of domestic with imported tobacco.  As discussed in the 

penultimate subsection, the allotment system over time overpriced lower quality and 

underpriced high quality tobacco, which provided an incentive for manufacturers to 

substitute lower quality tobacco for comparable foreign production (Gale Jr., Foreman, 

and Capehart 2000:2; Johnson 1984:51-52, 104-105). 
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4.2 Organization and Characteristics of Non-Cigar Tobacco Farming 

In contrast to hog farming, specialization at the farm level does not occur along 

the productive process, but farms do specialize in a specific tobacco type.  The timing of 

sowing and marketing varies by tobacco type, but generally takes place in late spring and 

late fall or winter for all types respectively.  The average size of a tobacco farm is far 

larger than average tobacco acreage, a reflection of its status as a cash crop and the 

effects of price support program requirements that participants farm less than half of their 

cropland as tobacco (Gale Jr., Foreman, and Capehart 2000:17).  For example, 3.2% of 

the land contained by the average burley farm and 8.6 % of the land contained by the 

average flue-cured farm was tobacco acreage in 1995 and 1996 respectively (p. 19).  As 

measured by the value of production, 54.9% of burley farm and 46.8% of flue-cured farm 

production was tobacco for these same years (p. 19).  This indicates that while a 

particular farm will produce only one type of tobacco, tobacco farms will produce a 

multitude of products, though which specific products depends on location.  In fact, 44% 

of burley farms sold only tobacco, compared with 18% of flue-cured farms, while 24% of 

burley and 63% of flue-cured farms sold three or more products.  Tobacco farms are 

among the most financially secure farms in the United States, with 81% of both burley 

and flue-cured farms possessing both less than a 0.4 debt-to-asset ratio and positive net 

income, compared with 54% of all farms (p. 17). 

A breakdown of costs and returns to tobacco farming, displayed in table 4.1, 

illustrates both sharp differences between burley and flue-cured production and, in 

contrast with the comparable data for hog farms presented in chapter 3, the relatively  
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Table 4.1: Operating Costs and Revenues for Flue-Cured and Burley 
Tobacco Farms, 1998 and 2004 

 Dollars per hundred pounds 
 Flue Burley 
 1998 2004 1998 2004 
Production value 175.00 184.40 190.40 198.59 
Operating expenses 78.47 104.59 67.43 76.36 
Operating and overhead expenses 166.14 220.32 153.70 204.72 
     
Percentage of Operating Expenses 
Seeds, plant bed, chemicals 33.8 26.6 38.6 38.4 
Hired labor 32.1 30.6 35.4 42.1 
Curing and equip. fuel, utilities 18.5 30.0 4.9 7.5 
Other costs 15.6 12.8 21.1 12.0 
     
Percentage of Overhead Expenses 
Capital recovery and acquisition 17.7 14.8 7.2 7.9 
Land and quota costs 60.7 68.5 38.0 48.9 
Unpaid labor 14.0 13.0 45.1 39.2 

Source: USDA ERS 2009c 

high returns to production.  First, operating expenses are always covered by production 

value, and overhead costs are covered in 1998 as well.  Comparison of spreads between 

production value and expenses shows higher returns to burley production.  Of note is the 

prominent role of overhead costs, which outweigh operating expenses.   

Land and quota costs are a sizable portion for both types, and in fact, the 

allotment system over time created two sets of farming actors, quota owners and growers.  

This is a crucial development because the separation of the interests of these two sets of 

actors altered the operation of the price support system and may have assisted the 

development of large farms through agglomeration.  By the 1990s, only some overlap 

between these groups was present; 56% of burley quota was rented in 1995 and 65% of 

flue-cured quota was rented in 1996 (Gale Jr., Foreman, and Capehart 2000:16), although 

combinations of ownership and farming exist.  In 1991, 7% of flue-cured growers owned 
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their entire allotment for production, 21% rented all allotment, and 72% owned some of 

the farmed allotment (Grise 1995:2).  To some extent, this separation is responsible for 

the maintenance of high prices at the cost of quota cuts, which through high rental rates 

tended to benefit quota owners over growers.  Rental rates were highly variable, but 

amounted to 25% of production value for flue-cured farms in 1987 and 20% in 1991 

(Gale Jr., Foreman, and Capehart 2000:15).  Flue-cured allotment sales, in some cases 

forced disposition, between 1982 and 1989 and burley allotment sales after 1990 only 

brought limited convergence between owners and growers, as suggested by the fact that 

between 1982 and 1989, annual allotment sales fell between 1.8 and 11.2 percent of 

quota, far below the size of the industry (Snell and Chambers 1997). 

The structure of production expenses also varies by tobacco type.  Labor is a 

critical factor, through burley labor appears to be more intensive once unpaid labor is 

included.  In fact, capital intensity, farm size, and tobacco type are correlated; few burley 

farms utilize mechanized harvest, bulk curing, and other capital investments due to their 

relatively small size compared with flue-cured farms (Berardi 1981).  The contrast in 

capital recovery and acquisition between the primary tobacco types also supports this 

conclusion.  Finally, the proportion of operating expenses composed of fuel and utilities 

reflect increased costs for flue-cured farms primarily due to curing fuel. 

As with hog production, tobacco production rapidly shifted toward contract 

transactions between growers and manufacturers.  In 1998, Philip Morris was the first 

manufacturer to announce intentions to transition to a contract system, and almost 80% of 

flue-cured and 65% of burley marketed fell under contract by 2001 (Hall 2002:19; 



 

 108 

Dimitri 2003:2).  Marketing contracts with production requirements characterize tobacco 

contracts; a price-grade system similar to that set by the USDA is established, delivery 

conditions and specifications and minimal production specifications are detailed in 

advance, and the buyer commits to the price schedule, means of dispute resolution, and a 

delineated test procedure to address grade (Hall:23-24).  Until the end of the allotment 

system in 2005, growers were not allowed to market beyond quota to contractors to 

minimize the impact on the allotment system. 

Though the rationale behind this change is still a matter of debate, Philip Morris 

cited its inability to secure adequate supplies of high quality tobacco (Dimitri 2003:2).  

As noted in chapter 5, stabilization stocks accumulated low quality tobacco over time.  

Amid declining demand and quota reductions, manufacturers possessed a more limited 

pool for high quality supplies (Hall 2002:22).  Second, accumulating stocks of low 

quality tobacco are indicative of a mismatch between supply and demand, the causes for 

which are multiple (p. 22-23). However, this mismatch was not due to one set of 

producers, but was industry-wide, as indicated by the fact that nearly half of contracts in 

2000 were signed with growers that supplied fewer than 5,000 pounds (p. 28). 

4.3 Tobacco Farming in the Southern United States 

The linkage between farm production and the political sphere is stronger in the 

tobacco industry than in the pork industry.  Consequently, a complete discussion of  the 

relation between the political and economic spheres is reserved for chapter 5.  However, 

within the context of the allotment system, the evolving interests of manufacturers and 

farmers constitute the focus of the remainder of this chapter.  At the state level, farm 



 

 109 

production varies slightly over time, but the growth of large farms disproportionately 

falls among flue-cured farms.  At least to some extent, this development is an effect of 

changes to the price support system, and the origins of many of these changes lies within 

the industry.  The following sections address the widespread decline in national tobacco 

production, a direct result of the interests of buyers and the formation of alternative 

sources of tobacco, and the spatial distribution of tobacco production. 

4.3.1 The United States Context 

Tobacco production is volatile over the period; production rises from 1.8 million 

to 2.0 million pounds between 1959 and 1978, falls to 1.2 million by 1987, rises to 1.8 

million pounds by 1997, and falls to less than 1 million pounds by 2002.  As shown in 

table 4.2, value exhibits a similar pattern, though the uneven rise in average prices 

received alters the degree of volatility from that exhibited by production.  Average price 

per pound rose 24% between 1959 and 1969 and 83% between 1969 and 1978, but 

slowed to 19, 15, and 8% in the three subsequent periods.  The proportion of production 

accounted for by cigarette types, as measured by value, acreage, and production, rises 

over the period, although flue-cured declined while burley rose.  Relative to agriculture 

as a whole, tobacco declined over the period; tobacco accounted for 3.4% of farm sales 

and 0.37% of total cropland at its peak in 1959.   

Tobacco yields rose over the period, although these increases took place 

predominantly prior to and during the first half of the observed period.  As discussed in 

chapter 5, the tobacco allotment system initially restricted farmed acreage to restrict 

production.  Restrictions on tobacco marketings were enacted in 1965 for flue-cured  
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Table 4.2: Characteristics of Tobacco Farming, United States, 1959-2002 

Measure 1959 1969 1978 1987 1997 2002 
Industry Measures 
Production value ($ 
mil.) 

1,048.0 1,295.5 2,680.0 1,869.6 3,217.2 1,686.8 

Proportion (%)       
  Cigarette types 91.0 92.2 92.9 94.9 94.9 90.2 
  Flue-cured 60.0 58.8 62.1 58.6 56.0 55.5 
  Burley, Maryland 30.9 33.4 30.8 36.3 38.9 34.7 
       
Prop. total farm 
sales, tob. (%) 

3.4 2.8 2.5 1.4 1.6 0.8 

       
Acreage Measures       
Total acreage, all 
types (thousands) 

1,152.8 918.3 963.7 586.3 836.2 427.3 

Proportion (%)       
  Cigarette types 89.7 91.6 92.1 94.9 96.2 95.0 
  Flue-cured 60.1 62.8 62.5 55.4 54.8 57.5 
  Burley, Maryland 29.6 28.8 29.6 39.5 41.4 37.5 
       
Proportion of farm 
cropland, tob. (%) 

0.37 0.34 0.30 0.21 0.26 0.14

Average $/lb. 0.58 0.72 1.32 1.57 1.80 1.94
       
Production Measures 
Production, all types 
(lb. mil.) 

1,796.4 1,803.3 2,024.8 1,188.9 1,787.4 871.1 

Proportion (%)       
  Cigarette types 89.9 92.7 93.3 95.1 95.9 93.2 
  Flue-cured 60.2 58.4 60.8 58.1 58.6 59.0 
  Burley, Maryland 29.7 34.4 32.4 37.0 37.3 34.2 
       
Yield per acre (lb.)       
  Cigarette types 1,558.3 1,963.7 2,101.0 2,027.8 2,137.4 2,038.6 
  Flue-cured 1,558.7 1,825.2 2,045.6 2,128.5 2,285.5 2,094.4 
  Burley 1,668.8 2,488.0 2,395.8 1,942.4 1,934.4 1,861.4 
  Maryland 780.0 1,060.0 1,275.0 1,320.9 1,628.6 1,682.0 

Sources: USDA various years (a), (b) 

tobacco and 1971 for other tobaccos to reduce pressure caused by yield increases.  Prior 

to these changes, farmers possessed an incentive to increase yields via various means.  

Shugars and Gavett (1972) identify several causes for increased plant yields and reduced 
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Table 4.3: Tobacco Farms and Acreage in the United States, 1959-2002 

 1959 1964 1969 1978 1987 1997 2002 
Operations  
Total 416,634 331,365 276,188 203,015 136,682 93,530 56,977 
        
Proportion (%)        
  Less than 1 acre 32.8 28.4 39.7 21.7 22.6 11.0 16.7 
  1-2 acres 21.2 21.6 18.6 23.5 25.7 20.8 25.1 
  2-5 acres 30.8 30.7 22.6 28.3 29.0 32.6 29.6 
  5-10 acres 12.4 14.3 12.1 13.9 12.3 16.9 12.6 
  10+ acres 2.8 5.0 7.0 12.6 10.5 18.7 16.0 
  50+ acres 0.03 0.05 0.1 0.8 1.0 3.8 3.2 
  100+ acres 0.009 NA NA NA 0.1 1.2 0.9 
  Small (< 2 acres) 55.0 50.0 58.3 45.2 48.3 31.8 41.8 
  Large (>10 acres) 2.8 5.0 7.0 12.6 10.5 18.7 16.0 
        
Acreage         
Total NA 1,025,240 876,926 1,004,697 633,310 837,363 428,631 
        
Proportion (%)        
  Less than 1 acre NA 5.1 6.7 2.5 2.7 0.7 1.2 
  1-2 acres NA 9.4 7.9 5.8 6.8 2.9 3.9 
  2-5 acres NA 30.9 21.9 16.7 17.9 10.6 11.0 
  5-10 acres NA 30.7 25.2 18.4 17.2 12.3 10.7 
  10+ acres NA 23.9 38.3 56.6 55.4 73.6 73.1 
  50+ acres NA 1.7 3.6 11.7 15.4 40.8 38.2 
  100+ acres NA NA NA NA 4.2 21.2 18.4 
  Small (< 2 acres) NA 14.5 14.6 8.3 8.5 3.6 5.1 
  Large (>10 acres) NA 23.9 38.3 56.6 55.4 73.6 73.1 

Source: Census of Agriculture, various years
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costs, including higher application rates of fertilizers and pesticides; application of 

chemical methods of sucker, or leaf bud, removal; the substitution of mechanical power 

for human or animal labor in field preparation, plant transplantation, and leaf harvest; and 

bulk curing barns.  After 1969, annual yields fall within roughly 10% of 2,000 pounds per 

acre except for Maryland tobacco, and annual fluctuations in production reflect the 

impacts of weather and quota changes (Womach 2003).  To place this figure in context, 

annual yields for all types fell between 575 and 815 pounds per acre between 1866 and 

1932, first surpassed 1,000 pounds per acre in 1940, which amounted to a more than 40% 

increase since the creation of federal price supports, and stood at 1,558 pounds in 1959.  

Table 4.3 displays the total numbers and proportions of farms and tobacco 

acreages by size group.  Though less severe than hog farming, the decline in the number 

of farms exceeds that of farms generally, 86% compared with 43% for all farms, as noted 

in chapter 3.  Small farms, those with fewer than 2 acres of tobacco cultivation, declined 

from 55% of all farms in 1959 to 42% in 2002, though this proportion fell as low as 32% 

in 1997.  Large farms, those with more than 10 acres of cultivation, increased from 3% of 

all farms in 1959 to 16% in 2002, though the count of large farms fell over this period. 

 Total acreage fell by 58% over the period, and most of this decline occurs after 

1978 and in particular after 1997.  While the definition of small and large farms 

employed by this study differs from those of other studies, changes in the distribution of 

acreage across farm sizes are apparent with these definitions.1  Nearly 15% of acreage 

 

1 Johnson (1984) uses a definition of less than 10 acres for small and more than 100 acres for large for flue-cured 
production.  These definitions, particularly later in the study period, are more representative in light of the average sizes 
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fell within small farms as late as 1969, but this number fell to 5% by 2002.  Large farms 

increased fairly evenly from 24% of acreage in 1959 to 73% in 2002, with one period of 

stability between 1978 and 1987.  These two categories accounted for nearly 40% of 

acreage in 1959 and nearly 80% of acreage in 2002.  Especially large farms, those with 

50 or more acres, accounted for 2% of acreage in 1964 and 38% of acreage in 2002.  

Finally, farms of an intermediate nature, between 2 and 10 acres, remained stable as a 

proportion of all farms but encompassed a smaller proportion of tobacco acreage by 

2002.  Agglomeration varies by tobacco type, and while comparable type-specific data 

does not exist, the correlation between specific tobacco types and states allows for an 

assessment of state-level differences in farm structure. 

4.3.2 Geographical Variation in Tobacco Farming, Selected States 

At the state level, production is relatively stable, while total numbers of farms and 

their distributions across size groups vary considerably.  Table 4.4 displays each state’s 

proportion of national tobacco production, farms, acreage, and farms by size group.  

Compared with the numbers of farms, acreages and production are stable across the 

period.  North and South Carolina’s decline in farm numbers indicates a relative increase 

in average farm size and large farms compared with Kentucky and Tennessee.  This is 

expected given the dominance of flue-cured production in both states.  As a proportion of 

U.S. farms, both North and South Carolina experienced declines in all but the largest  

 

 

for flue-cured farms.  However, they do not allow for inclusion of other types of tobacco, and data limitations severely 
restrict the collection of data for statistical analysis.  For these reasons, the employed definitions were formed. 
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Table 4.4: Tobacco Farm Characteristics in Selected States, 1959-2002 

 Year Kentucky Maryland North Carolina South Carolina Tennessee Virginia 
General Measures 
 Proportion of U.S. Tobacco Farms (%) 
 1959 28.8 1.0 26.6 5.7 17.5 8.3 
 1978 38.8 1.6 19.6 2.6 18.6 8.1 
 2002 51.3 0.3 13.8 1.5 14.4 7.3 
        
 Proportion of U.S. Tobacco Acreage (%) 
 1959 19.1 3.6 40.6 7.1 6.7 7.7 
 1964 20.6 3.6 39.8 6.8 6.7 8.4 
 1978 22.0 2.6 42.0 7.1 7.1 7.6 
 2002 25.8 0.3 39.1 7.1 8.4 7.1 
        
 Proportion of U.S. Tobacco Production (%) 
 1959 19.8 1.7 40.3 8.0 7.3 8.0 
 1978 23.2 1.5 42.0 7.4 7.0 6.7 
 2002 25.6 0.2 39.9 6.8 8.2 7.4 
        
 Maximum Positive Departure from Mean Proportion of Production, Percentage of Mean 
  27.0 68.3 17.2 18.8 30.7 18.0 
        
 Maximum Negative Departure from Mean Proportion of Production, Percentage of Mean 
  26.1 85.4 14.1 17.2 23.2 28.9 
        
Specialized Measures 
 Proportion of U.S. Tobacco Farms, Less than 1 Acre (%) 
 1959 36.6 0.04 9.9 2.1 35.1 7.7 
 1978 40.1 0.1 8.5 0.9 30.3 9.0 
 2002 47.6 0.05 6.1 0.2 15.9 9.2 
        
 Proportion of U.S. Tobacco Farms, Less than 2 Acres (%) 
 1959 37.4 0.2 12.2 3.3 28.7 8.1 
 1978 44.0 0.3 8.3 1.0 28.3 8.3 
 2002 57.7 0.1 6.4 0.4 16.7 8.2 
        
 Proportion of U.S. Tobacco Farms, 2-5 Acres (%) 
 1959 22.8 0.7 38.2 9.4 5.4 9.4 
 1978 45.3 1.9 17.1 2.0 15.4 7.3 
 2002 56.6 0.3 9.7 0.7 15.0 6.3 
        
 Proportion of U.S. Tobacco Farms, 5-10 Acres (%) 
 1959 10.6 2.6 55.4 7.1 2.1 7.6 
 1978 32.2 3.0 31.2 4.0 8.3 8.8 
 2002 48.6 0.8 16.1 1.6 12.6 6.5 
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Table 4.4 continued 
 Year Kentucky Maryland North Carolina South Carolina Tennessee Virginia 
 Proportion of U.S. Tobacco Farms, More than 10 Acres (%) 
 1959 8.6 13.7 48.6 5.3 1.1 4.1 
 1978 12.7 3.7 53.3 8.1 2.4 7.9 
 2002 34.4 0.3 38.7 6.0 8.7 7.7 
        
 Proportion of U.S. Tobacco Acreage, Less than 1 Acre (%) 
 1964 33.9 0.09 11.4 2.1 34.3 8.1 
 1978 41.1 0.1 8.4 8.5 30.5 9.3 
 2002 57.5 NA 6.2 0.1 16.6 8.9 
        
 Proportion of U.S. Tobacco Acreage, Less than 2 Acres (%) 
 1964 37.5 0.3 14.2 3.6 24.8 8.1 
 1978 45.2 0.4 8.4 1.1 27.1 8.2 
 2002 57.4 NA 6.8 0.5 17.0 7.8 
        
 Proportion of U.S. Tobacco Acreage, 2-5 Acres (%) 
 1964 26.8 1.1 35.3 8.0 6.5 9.2 
 1978 44.3 1.9 18.4 2.2 14.4 7.5 
 2002 55.6 NA 10.5 8.0 14.9 6.3 
        
 Proportion of U.S. Tobacco Acreage, 5-10 Acres (%) 
 1964 14.6 2.9 50.2 7.0 2.5 8.5 
 1978 31.1 3.0 32.2 4.3 8.0 9.0 
 2002 47.7 NA 16.7 1.6 12.5 6.8 
        
 Proportion of U.S. Tobacco Acreage, More than 10 Acres (%) 
 1964 9.9 10.0 48.5 7.1 1.4 4.3 
 1978 9.0 3.0 57.1 10.4 1.8 7.0 
 2002 15.9 NA 49.0 9.3 6.2 7.2 

Source: USDA various years (b) 

farms, and North Carolina experienced decline in large farms as well.  Kentucky presents 

a somewhat mixed picture; Kentucky’s proportion of all farms was over 50% in 2002, but 

by size group, its share only exceeded this figure for farms less than 2 acres and for farms 

between 2 and 5 acres.  Tennessee’s 16% share of U.S. farms less than 1 acre, 17% of 

farms less than 2 acres, and 15% of farms between 2 and 5 acres exceeds its 14.4% of all 

U.S. tobacco farms.  This indicates the farms in Kentucky and Tennessee are relatively 
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small compared with those in the Carolinas.  Virginia is relatively stable over the period 

in comparison with other states, and growth in very small and very large farms likely is 

due to the presence of flue-cured, burley, and other non-cigar tobaccos.  Though flue-

cured and burley tobaccos are also present in North Carolina, Virginia possesses a more 

even distribution of acreage between these tobacco types.  Maryland did not fall under 

supply controls for most of the period, and its role is peripheral to the tobacco industry as 

a whole, though it is central to Maryland light air cured tobacco production. 

Two other points are of note.  First, proportions of acreages that fall within each size 

group generally conform to the findings based on farms for these same size groups, 

though state-level differences are generally of greater magnitude.  Second, some spatial 

changes in production are evident despite the presence of supply controls.  Table 4.4 also 

provides the maximum positive and negative departures from the mean state share of 

national production over the period, standardized to the state’s mean.  Maryland exhibits 

more variation than the other states and is the only state that does not fall under price 

supports   However, aggregation of tobacco types, each of which experienced different 

trends in quota change, accounts for most of the state-level variation.  At the level of 

specific types, maximum departures from state-level are far narrower among types 

produced in 2 or more states; 7.8% for type 11 flue-cured tobacco, 3.7% for type 13 flue 

cured tobacco, 5.4% for type 22 fire cured, 3.6% for type 23 fire cured, 6.7% for burley 

(type 31), and 5.6% for type 35 dark air cured (see chapter 2 for type definitions).  

Table 4.5 presents production characteristics specific to states and to tobacco 

types in order to assess whether production characteristics vary across states for 
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Table 4.5: Tobacco Farming Characteristics by Type in Selected States, 1959-2002 

 Flue-cured Maryland 
 North Carolina South Carolina Virginia Maryland 
 1959 1978 2002 1959 1978 2002 1959 1978 2002 1959 1978 2002 
Yield / acre 1,533 2,056 2,089 1,765 2,120 1,950 1,560 1,850 2,340 780 1,275 1,500 
$ / lb. 0.58 1.33 1.82 0.63 1.38 1.77 0.54 1.34 1.85 0.62 1.23 1.48 
Prop. U.S. 
production 

65.0 67.3 65.8 13.2 12.2 11.6 10.2 8.4 10.0 100 100 42.8 

Prop. state 
production 

97.2 97.5 97.3 100 100 100 76.3 76.7 79.9 100 100 100 

             

Burley 
 Kentucky North Carolina Tennessee Virginia 
 1959 1978 2002 1959 1978 2002 1959 1978 2002 1959 1978 2002 
Yield / acre 1,620 2,475 1,915 2,060 2,310 1,500 1,700 2,200 1,830 2,075 2,315 1,575 
$ / lb. 0.62 1.32 1.98 0.56 1.28 1.95 0.59 1.30 1.97 0.59 1.30 1.98 
Prop. U.S. 
production 

64.2 68.4 67.2 4.0 3.4 3.2 20.3 17.6 18.1 4.4 3.8 3.9 

Prop. state 
production 

90.4 91.2 88.5 2.8 2.5 2.7 78.3 77.4 74.4 15.3 17.6 17.6 

             

 Other Non-cigar    
 Kentucky Tennessee Virginia    
 1959 1978 2002 1959 1978 2002 1959 1978 2002    
Yield / acre 1,315 1,929 3,179 1,554 1,905 3,095 1,273 1,129 1,984    
$ / lb. 0.36 1.06 2.28 0.39 1.12 2.35 0.37 0.94 1.88    
Prop. U.S. 
production 

18.7 30.4 43.6 15.5 23.5 31.0 6.7 5.7 2.7    

Prop. state 
production 

9.6 8.8 11.5 21.7 22.6 25.6 8.5 5.7 2.5    

Source: USDA various years (b); USDA NASS various years (d)
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comparable types.  Again, type-specific proportions of U.S. production indicate greater 

stability over time than suggested in table 4.4.  A surprising variation in tobacco yield, in 

many cases more than 200 pounds per acre harvested, is present across states within a 

specific type.  Prices also vary, although this is not unexpected.  Finally, tobacco yields 

change with different patterns across types.  Flue-cured and other non-cigar tobacco types 

generally rose and maintained high yields, especially other non-cigar types, while burley 

yields declined after 1978.  The mix of types at the state level generally does not change; 

the majority of flue-cured is produced in North Carolina, while burley is produced in 

Kentucky and Tennessee.  The importance of departures between type-specific and state-

level measures necessitates the usage of type-specific dependent variables in chapter 6. 

4.4 Tobacco Product Manufacture Characteristics  

A clear association between the locations of tobacco production and product 

plants exists at the level of specific tobacco and product types, one example of which is 

the concentration of cigarette production within Virginia and North Carolina.  Prior to 

automation in the cigarette industry, tobacco cultivation was often far removed from 

production due to the need for skilled labor (Porter 1969).  The skill requirement 

separated cigarette production from other products, although it is important to note that 

the slow rate of diffusion of cigarettes allowed for the production of cigarettes along 

established lines, and 35% of tobacco industry wage earners were located in the South in 

1927 (Landon 1931).  Between the formation of the American Tobacco Company in 1890 

and its dissolution in 1911, acquisition with profits from the increasingly popular and 

profitable cigarette line led to the consolidation of chewing tobacco, snuff, licorice, and 
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tin foil industries as well as the institution of direct purchase from farmers via the auction 

system (p. 74-75).  Throughout the twentieth century, consolidation at a domestic level 

remained high relative to the cigar industry.  Finally, while consolidation within the 

cigarette industry was generally high within individual countries, consolidation across 

countries into a relatively few global companies only emerged in the 1980s through 

foreign investment (van Liemt 2002) and the 1970s via exports (Huebner 1981). 

Product innovation, particularly in the cigarette industry, is an important driver of 

demand for tobacco leaf and is entwined with both consumer demand and production 

technology (Campbell 1972).  At a broad level, the launch of Camel cigarettes by R.J. 

Reynolds in 1913 ushered in the era of national brands, as opposed to the era of regional 

and local brands (Slade 1989).  The success of Camel and subsequent copycat efforts 

diffused the “American blend” of burley, flue-cured, and Oriental tobaccos domestically.  

As discussed in the next section, the success of American blend cigarettes led to steady 

import of Oriental tobacco into the U.S., displaced cigarettes composed entirely of dark 

or Oriental tobaccos at a global level, and provided increased demand for flue-cured and 

burley tobaccos at both the domestic and global levels (p. 107-108).  Recently, concerns 

over health effects of smoking fueled the diffusion of filtered and low tar cigarettes. 

Technological developments emerged to reduce labor, to improve uniformity, to 

increase the desirability of one company’s product over that of another, and to reduce the 

tar content of inhaled cigarette smoke (Devlin, Eadie, and Angus 2003).  Among 

stemmeries, the introduction of machine threshing and lamina cleaning reduced required 

labor and improved the quality of the final product, crucial to the quality of the final  
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product, as leaf generally was not inspected after threshing (Campbell 1972:106-107).   

Technological innovation at the product stage increased the speed of production 

and the uniformity of the final product amid an increase in product complexity.  Within 

the cigarette industry, filtered and low tar cigarettes relied upon the application of 

flavorings and additives, the addition of reconstituted and puffed tobacco in place of leaf, 

and the addition of filters during the rolling process (p. 109-113).  Prior to production, 

low tar formulations aimed to reduce nicotine and tar delivery through dilution of air 

through highly porous paper and ventilated filters, chemical treatment of paper to 

increase the burn rate, and increased use of down-stem leaves that contain less nicotine 

(Kozlowski, O’Connor, and Sweeney 2001; Spears 1983), although supplemental 

nicotine and uptake enhancers were used broadly within the industry (Casey et al. 1985).   

At the company level, these practices were confidential and varied, and the 

difficulties lying behind efforts to reverse engineer competitors points to product 

complexity.  For example, RJR’s efforts to replicate Marlboro were only partially 

successful.  On one hand, the constitution of Marlboro cigarettes was easily discerned 

and tracked over time, even including the introduction of reconstituted tobacco in 1973 

and expanded tobacco in 1972 (p. 25).  But efforts to replicate the taste and sensation of 

Marlboro ultimately failed due to the extensive use of casing agents and other chemical 

applications by Philip Morris, practices widely used in the industry (p. 1). 

4.4.1 Non-cigar Tobacco Production Characteristics in the United States 

A substantial increase in the value of the tobacco industry takes place over the 

period, while sizable declines in employment, establishments, and the proportion of the 
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industry composed of production other than cigarette production.  Table 4.6 displays key 

characteristics of the tobacco industry over the period.  Due to the inseparability of cigar 

production from other non-cigarette production after 1997, cigar production is included in 

this table.  Cigar employment declined from nearly 35% of the industry in 1958 and 24% 

in 1967 to 5.6% in 1987, while the proportion of industry establishments that produce 

cigars declined from 56% and roughly 45% in 1967 and 1977 to almost 15% in 1987.   

With the exception of cigarette manufacture, these trends mirror those found in 

every other component of the tobacco industry.  Establishments declined by 77% 

between 1958 and 2002, while stemmeries declined by nearly 89% and cigarette 

producers declined by 21%.  Total employment declined by 71% over the same period, 

while stemmeries employment declined by 82% and for cigarette manufacturer 

employment by 55%.  The proportions of both stemmeries and cigarette manufacturers 

classified as large, those with at least 20 employees, 100 employees, or 500 employees, 

are larger than for the industry as a whole, with the exception of stemmeries and the 500 

employee threshold. 

Growth in the value of tobacco products is over tenfold over the period, with 

nearly 92% of this growth accounted for by growth in cigarette production.  Cigarette 

production accounted for 56% of production value in 1958 and 88% in 2002, compared 

with 30% and 3% for stemmeries and these two years.  The proportion of value that is 

value added increased across the industry, though value added as a proportion of total 

value is higher for cigarette manufacture than for other activities.  Capital expenditures 

also rose over the period, though decline began after 1977 for stemmeries and after 1997  
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 Table 4.6: U.S. Tobacco Product Producer Characteristics, 1958-2002 

 1958 1967 1977 1987 1997 2002 
Establishments 
  Total 504 329 228 137 101 114 
  Cigarettes 19 16 14 12 13 15 
  Stemming, redrying 144 119 78 76 25 16 
       
Proportion of Establishments by Employment Size 
  20+ Employees       
    Total 55.6 59.3 53.9 60.6 74.3 53.5 
    Cigarettes 84.2 87.5 92.9 100.0 76.9 80.0 
    Stemming, redrying 84.7 80.7 73.1 44.7 92.0 81.3 
       
  100+ Employees       
    Total 27.4 34.7 37.3 36.5 43.6 27.2 
    Cigarettes 78.9 87.5 85.7 75.0 69.2 60.0 
    Stemming, redrying 84.7 80.7 73.1 44.7 92.0 81.3 
       
  500+ Employees       
    Total 6.5 10.0 7.5 8.8 10.9 8.8 
    Cigarettes 68.4 81.3 78.6 66.7 53.8 40.0 
    Stemming, redrying 1.4 4.2 2.6 3.9 8.0 12.5 
       
Employment (thousands) 
  Total 84.5 75.1 60.6 44.7 33.6 24.6 
  Cigarettes 33.8 36.6 39.0 32.0 21.3 15.2 
  Stemming, redrying 14.9 15.9 10.7 6.9 5.0 2.7 
 
Value of Production (billions of dollars) 
  Total 3.87 4.90 9.05 20.76 26.69 39.27 
  Cigarettes 2.16 3.04 6.38 17.37 23.34 34.56 
  Stemming, redrying 1.18 1.37 2.08 2.08 0.62 1.08 
       
Proportion of Total       
  Cigarettes 55.9 62.1 70.5 83.7 87.4 88.0 
  Stemming/Redrying 30.4 28.0 22.9 10.0 2.3 2.7 
       
Proportion of Value, Value Added 
  Total 36.5 41.4 47.9 68.7 74.0 85.3 
  Cigarettes 49.0 53.9 59.6 74.7 79.8 88.1 
  Stemming, redrying 7.3 9.7 10.4 19.0 19.0 23.6 
       
Capital Expenditure (millions of dollars) 
  Total 38.1 52.9 181.5 464.3 718.6 278.1 
  Cigarettes 20.5 33.8 118.0 410.2 622.7 209.8 
  Stemming, redrying 10.5 12.2 52.8 40.2 26.6 9.5 

Source: Bureau of the Census various years (b) 
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for cigarette manufacture.  In sum, sizable changes are apparent within the industry after 

1977.  The number of stemmeries fell after 1987, while the proportion of these 

establishments that were large doubled.  Cigarette employment fell after 1977, capital 

expenditures fell after 1997, and production value increased steadily over the period.  As 

discussed in the next section, cigarette exports likely blunted the short-term impact of the 

decline in per capita domestic consumption. 

4.4.2 State Level Manufacturing Characteristics 

The selected states encompass a majority of tobacco establishments and 

employment in 2002, and considerable variability among states at the level of the 

industry and specific products is apparent.  State level characteristics, displayed in table 

4.7, reveal severe data limitations due to the small number of industry establishments.  

North Carolina is the lead location for employment over the period.  Cigarette production 

and stemming and redrying production are increasingly concentrated in North Carolina 

and Virginia, and these two states account for nearly 90% of the value of the manufacture 

component of the industry.  In addition, based on the available data, only Virginia and 

North Carolina possess a larger share of national employment than industry 

establishments.  By contrast, Kentucky and Tennessee possess smaller than average 

firms, South Carolina is a small part of the industry, and no data is present for Maryland. 

Kentucky saw the largest decline in its share of the tobacco industry, especially 

after 1977.  Employment declined from 18%of national employment to 4%.  Cigarette 

production appears to have relocated from Kentucky prior to this period.  At a time when 

national cigarette employment was on the rise, Kentucky’s share declined from 21% to at  
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Table 4.7: Tobacco Industry Characteristics, Selected States, 1959-2005 

 Kentucky Maryland
North 

Carolina 
South 

Carolina Tennessee Virginia 
Proportion of U.S. Establishments, 2002 
Total 7.0 NA 14.0 NA 7.9 10.5 
Cigarette NA NA 46.7 NA NA 26.7 
Stemming/redry NA NA 25.0 NA 12.5 31.3 
       
Proportion of U.S. Employment, All Tobacco Products 
1958 12.2 NA NA 1.5 1.3 15.9 
1977 18.3 NA 38.6 ~ 1.2 1.8 24.6 
2002 3.7 NA 39.0 NA 3.6 ~ 30.7 
       
Proportion of U.S. Employment, Cigarettes 
1958 21.3 NA 52.3 NA NA 25.7 
1977 > 6.4 NA 45.9 NA NA > 6.4 
2002 NA NA ~49.4 NA NA ~49.4 
       
Proportion of U.S. Employment, Stemming and Redrying 
1958 NA NA 52.3 NA NA 20.1 
1977 ~ 16.4 NA 49.5 ~ 7.1 ~ 3.5 19.6 
2002 NA NA ~64.3 NA ~ 6.4 ~ 64.3 
       
Proportion of U.S. Industry Value, All Tobacco Products 
1963 16.3 NA 50.6 0.5 0.6 18.3 
1977 18.6 NA 48.8 0.2 1.0 25.4 
2002 0.8 NA 49.6 NA 2.6 38.6 
       
Proportion of U.S. Industry Value, Cigarettes 
1963 20.3 NA 57.1 NA NA 22.4 
1977 19.5 NA 52.6 NA NA NA 
2002 NA NA NA NA NA NA 
       
Proportion of U.S. Industry Value, Stemming and Redrying 
1963 21.0 NA 54.8 NA NA 17.1 
1977 9.9  

(1982) 
NA 44.8 NA NA 17.4 

2002 NA NA NA NA NA NA 
Source: Bureau of the Census various years (b) 

least 6%, although as measured by value, Kentucky’s proportion declined by only one 

percent.  The tobacco industry in Tennessee increased slightly as measured by 

employment and industry value, and while Tennessee’s proportion of employment in the 



 

 125 

stemming and redrying component of the industry, these figures are based on midpoints 

of ranges and not exact figures.  

Wages do not appear to be strongly linked to the spatial distribution of tobacco 

industry establishments, although two caveats are of note.  First, wage information is also 

limited, and table 4.8 only displays information for tobacco as a whole.  Second, clear 

wage differences between cigarette manufacture and all other product manufacture are 

present.  At the national level, wages for cigarette producers were 40 percent higher than 

all other industry workers in 1958 and 90 percent higher in 2002.  In fact, wages for 

cigarette workers were 22 percent higher than for manufacturing wages as a whole.  As a 

result, whether wage differences are due to the uneven distribution of cigarette 

manufacture or due to actual wage differences at the level of states cannot be assessed.  

Finally, Maryland is removed from this table due to the absence of tobacco information.  

Maryland manufacturing wages as a ratio of national manufacturing wages ranged 

between 1.00 and 1.09 over the period. 

All five states fall below the national average for manufacturing wages in each 

year, although the differences decline over time.  North Carolina possesses the lowest 

paid manufacturing workers in the sample for each year, and Kentucky possesses the 

highest wages of any state with cigarette employment in table 4.7.  While this suggests 

that cigarette employment relocated to lower wage states, tobacco wages in North 

Carolina, Kentucky, and Virginia all exceed the national average and may be the result of 

the specific industry mixes in each state.  Wages decline in Kentucky after 1982, and 

wages in Tennessee and South Carolina are substantially lower than the national average, 
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Table 4.8: Manufacturing and Tobacco Manufacturing Wages, United States 
and Selected States, 1958-2002 

 
United 
States Kentucky 

North 
Carolina 

South 
Carolina Tennessee Virginia 

Tobacco 
1959 3,685 1.24 1.07 

    (1963) 
.79 .89 

    (1958) 
1.12 

1968 5,360 1.15 1.04 .80 .87 1.15 
1977 12,388 1.06 1.06 .54 

    (1976) 
.75 1.12 

1987 33,235 1.21 
    (1982) 

.97 NA .59 NA 

1997 47,511 .98 .96 NA .87 1.17 
2002 55,486 .76 1.03 NA .58 1.17 

    (2003) 
       
Manufacturing 
1959 4,791 .97 .66 .72 .84 .84 
1968 7,263 .88 .70 .73 .78 .83 
1977 13,477 .92 .73 .75 .79 .83 
1987 25,100 .93 .77 .80 .81 .90 
1997 33,907 .94 .81 .89 .88 .92 
2002 39,197 .98 .85 .93 .92 .95 
       
CAGR, Tobacco Industry Wages 
1959-2002 6.51 5.29 6.68 

(63-02) 
NA 5.48 

(58-02) 
6.52 

(59-03) 
1959-1968 4.25 3.31 4.02 

(63-68) 
4.31 4.21 

(58-68) 
4.57 

1968-1977 9.76 8.76 10.01 4.12 
(69-76) 

7.93 9.40 

1977-1987 10.37 16.09 
(78-82) 

9.34 NA 7.74 12.93 
(78-82) 

1987-1997 3.64 4.48 
(83-97) 

3.56 NA 7.80 4.75 
(83-97) 

1997-2002 3.15 -2.01 4.55 NA -4.82 3.10 
(98-03) 

       
CAGR, Tobacco Industry Wages Relative to CAGR, Manufacturing Wages 
1959-2002 1.50 .26 1.07 NA .29 1.23 
1959-1968 -.48 -.30 -1.34 -.61 .29 -.05 
1968-1977 2.65 1.06 2.50 -2.95 .59 2.26 
1977-1987 3.96 7.49 2.34 NA 1.05 4.30 
1987-1997 .59 .91 -.02 NA 3.95 .62 
1997-2002 .21 -5.74 .74 NA -8.76 -.68 

Source: Bureau of the Census various years (b) 
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which suggests the absence of cigarette manufacture to an unknown extent. 

4.5 Trade and Consumption 

 In contrast to the pork industry, global markets are crucial to the operation of the 

tobacco industry.  However, the non-substitutability of tobacco across types and to a 

lesser extent across levels of quality generates complex trading patterns that may or may 

not be competitive.  For example, importation of Oriental tobacco does not compete with 

domestic production; Oriental tobacco is a vital component of American blend cigarettes.  

In contrast, the diffusion of flue-cured and burley production to other countries thrust 

U.S. production into direct competition with other countries, though the severity of this 

competition varied over time and across quality levels.  Direct and indirect effects on the 

domestic industry emerge with the incorporation of tobacco product trade.  The global 

diffusion of the American blend cigarette replaced local blends generally composed of 

harsher tobaccos and led to an increase in cigarette exports (HighBeam Research 2010).  

Indirectly, this diffusion increased domestic and export demand for the milder flue-cured 

and burley tobaccos.  Amid decline in domestic tobacco consumption, export markets 

became crucial outlets for the industry as well as sources of competition in leaf. 

Cigarettes became the most widely consumed form of tobacco in the mid-

twentieth century.  Per capita consumption peaked in 1963 amid an increase in concern 

over potential health effects and immediately before the publication by the surgeon 

general of a statistical association between smoking and longevity in 1964 (Johnson 

1984:59-60).  Population increase delayed the peak in aggregate consumption until 1980, 

and an increase in the importance of export markets delayed the peak in domestic 
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production until 1996.  Because consumption and trade at the product level shapes 

demand for types of leaf, this section will first discuss products. 

Clear differences among products in the operation of the non-cigar tobacco 

industry are evident in figure 4.3.  Cigarette production rose through 1996 to a peak of 

755 billion cigarettes, but declined sharply to two thirds of this value by 2005.  By 

contrast, slow and steady decline in production is present for other products.  Imports are 

a virtually nonexistent portion of domestic consumption; 9.6 million cigarettes were 

imported in 1959 and 23 billion were imported in 2003, the peak as measured by number.  

This peak amounts to 5% of domestic production and is considerably lower than the 

proportion of other products represented by imports.  Imports of other products are 

relatively volatile, especially between 1979 and 1984 when import volume exceeded 50% 

of domestic production in three consecutive years.  Domestic production did not fall at 

this time, and the increase is represented by both quantity and value data.  Finally, 

exports as share of domestic production for both product types are generally higher than 

imports.  Exports composed less than 4% of production in 1959 and rose steadily to a 

high of 32.3% in 1996.  Exports as a share of production for other products rose after 

1984, exceeded total production for several years, and collapsed in 2004.  

In contrast to the pork industry, the United States is a central actor in the global 

tobacco industry over the period.  Table 4.9 illustrates this central role for cigarette trade 

and production.  The possessed a greater share of global exports than global production 

over the period, through the difference between these figures fluctuates considerably.  

This suggests that cigarette production in the United States is competitive over the period.   
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Figure 4.3: Cigarette and Other Tobacco Product Production, Exports, and 
Imports, 1959-2005 

However, global growth in production exceeds U.S. growth across all years and global 

growth in exports exceeds U.S. growth except between 1969 and 1978.  In short, exports 

become more important to the U.S. industry as U.S. exports decline as a share of global 

exports.  Finally, U.S. cigarette exports increase in concentration as captured by the top 

five destinations over the period, though departures from this general trend are evident.  

Japan is especially important, as it accounted for between 31 and 32% of exports in 1987 

and 1997 but 61% in 2002.  Belgium-Luxembourg is the only other partner to exceed 

20% of exports at any time, in both 1987 and 1997.  By contrast, Morocco was the lead 

destination in 1959 with 12% of exports, and Hong Kong led in 1969 with nearly 11%.   
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Table 4.9: U.S. and Global Cigarette Production and Exports, 1959-2002 

1959 1969 1978 1987 1997 2002  
       
Production       
U.S, prop. world   23.6 (1960) 19.1 17.1 13.4 12.9 9.4 
% growth, world  36.0 39.2 25.9 8.8 1.5 
% growth, U.S.  10.0 27.8 -.9 4.4 -26.1 
       
Exports       
U.S., prop. world  33.7 (1960) 20.0 26.6 25.1 22.9 14.8 
% growth, world  107.9 123.8 43.1 137.5 -9.4 
% growth, U.S.  23.4 198.0 34.8 116.5 -41.5 
       
Prop. U.S. 
exports, top 5 
destinations  

41.4 30.6 50.9 77.5 67.6 79.8 

Sources: USDA ERS 1996; USDA FAS 2010, various years 

Figure 4.4 displays domestic, non-cigar tobacco production, exports, and imports over the 

period.  Tobacco production is highly volatile year-over-year, but a clear reduction in 

production is evident over the period.  Tobacco exports are generally stable, only 

permanently dipping below 500 million pounds in the 1980s.  The 1980s also show a 

pronounced upward trend in tobacco imports as well as erosion in the tobacco trade 

balance as measured by weight.  However, a comparison between value and weight 

measures of trade indicates a clear price difference between exports and imports.  As will 

be discussed in chapter 5, the price support system effectively raised prices for lower- 

grade, but not necessarily higher-grade, tobacco beyond new alternative sources. 

As noted above, tobacco types are only limitedly substitutable for one another.  

Figure 4.5 disaggregates non-cigar tobacco exports into specific types to establish trends 

of more causal relevance.  As a proportion of national production, exports are highly 

volatile and differ considerably across types, as represented by the solid lines.  Flue-cured 
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Figure 4.4: U.S. Non-Cigar Tobacco Production, Imports, and Exports, 1959-
2005 

and Maryland tobacco is more exposed to international trade through the 1970s, and flue-

cured tobacco remains more exposed through the mid-1990s.  As discussed in chapter 5, 

this exposure disproportionately affected the stability of the flue-cured price support 

system.  Less than 10 percent of burley production was exported as late as 1972, though 

this proportion rises to over 30 percent in 2002 and over 70 percent in 2005.  This is 

reflected in burley’s proportion of exports, which rises to nearly half of all exports by 

2005.  By contrast, flue-cured represented over 90 percent of exports in 1960 and just 

over half in 2005, as noted by the dashed lines.  Maryland represents a small fraction of 

exports, and this proportion declined over the period.   
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Figure 4.5: Proportion of Exports and National Production by Tobacco 
Type, 1959-2005 

As with cigarettes, the United States is a major actor in the global leaf trade.  

Unfortunately, global production, export, and import estimates by tobacco type are not 

available, and disaggregation of U.S. trade by type is only possible for a limited time 

period.  The study will use non-cigar tobaccos in the aggregate for statistical modeling, 

and this section will present available information to illustrate the U.S. tobacco trade and 

how it changes over time.  These data are presented in table 4.10. 

The United States accounted for nearly one quarter of global tobacco production  

in 1960 and this proportion generally declined over the period.  With the exception of the 

1987 to 1997 period, world growth exceeds domestic growth.  The U.S. possesses 
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disproportionate strength in unmanufactured leaf exports as indicated by its larger share 

of global exports than global production.  The difference between these shares narrows 

substantially in the 1990s, likely due to the higher rate of growth of global exports 

compared with U.S. exports throughout the period.  Finally, with some fluctuation, the 

share of both flue-cured and burley exports encompassed by the top five destinations are 

fairly stable.  Japan and Western Europe represent the majority of these destinations and 

at only two points does the most important trading partner account for at least 30% of 

exports, the United Kingdom for flue-cured exports in 1959 and Japan for burley exports 

in 1987.  No partners that account for at least 20% of exports are present for 1997 burley 

exports.  This is the only case where no trade partner captures 20% of U.S. exports. 

The share of global, aggregated tobacco imports accounted for by the United States 

increased until 1987, from 9.9% in 1959 to 16%.  U.S. imports increased until 1997, 

though growth in global imports exceeded that of the U.S. after 1987.  Imports shrank for 

both the U.S. and the world between 1997 and 2002.  Substitution of domestic tobacco 

for imported tobacco of a similar type appears to emerge between 1978 and 1987.  In 

1978, less than 6% of U.S. imports are accounted for by flue-cured and burley, but by 

1987, this share increased to 31%.  The share of imports accounted for by Oriental and 

Turkish tobacco, produced predominantly in the Eastern Mediterranean, was nearly 61 

percent in 1978 and was likely higher before this time as suggested by top import sources 

and their shares of global imports. 

All 5 top import sources are located in the Mediterranean in 1959; by 1997, only 

one top source is located in this region.  The rise of Brazil, Argentina, and Malawi in 
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Table 4.10: U.S. and Global Leaf Production and Trade, 1959-2002 

 1959 1969 1978 1987 1997 2002 
Production, Unmanufactured Leaf (all types) 
U.S., prop. world 23.7  18.7 15.5 8.8 10.3 6.3 
% growth, world  18.5 32.8 4.1 27.6 -19.1 
% growth, U.S.  -8.2 12.1 -41.3 50.0 -50.9 
       
Exports, Unmanufactured Leaf 
U.S., prop. world 27.5  26.6 22.6 14.2 11.1 7.3 
% growth, world  20.9 42.8 -3.1 45.2 4.5 
% growth, U.S.  17.2 21.1 -39.2 13.6 -30.7 
       
Proportion of U.S. Exports, Top 5 Destinations 
Flue-cured 61.6 62.0 58.8 61.0 56.8 61.1 
Burley 59.9 46.1 60.7 75.8 63.4 66.6 
       
Imports, Unmanufactured Leaf 
U.S., prop. world 9.9 10.7 12.3 16.0 13.7 12.6 
% growth, world  19.0 39.5 2.0 62.0 -7.1 
% growth, U.S.  29.5 60.1 32.5 38.3 -14.0 
       
Proportion of U.S. Imports of Non-Cigar Tobaccos by Type 
Flue-cured NA NA 1.8 29.7 33.4 34.4 
Burley NA NA 4.8 1.3 30.0 36.3 
Flue-cured and 
burley 

NA 3.9     

Oriental/Turkish NA NA 60.7 47.0 35.6 27.5 
Other NA NA 32.7 22.0 1.0 1.8 
       
Proportion of U.S. Imports of Non-Cigar Tobaccos, Top 5 Sources 
Cigarette tobacco 97.0 92.7 83.4 72.8 75.4 74.4 
       
Top 5 Import Sources 
1 Turkey Turkey Turkey Turkey Brazil Brazil 
2 Greece Greece Greece Brazil Turkey Turkey 
3 Yugoslav. Yugoslav. Yugoslav. Greece Malawi Malawi 
4 Italy S. Korea Bulgaria Canada Argentina Argentina 
5 Malta Lebanon Italy Yugoslav. Thailand Canada 
       
Top 5 Import Sources, Share of U.S. Imports 
1 62.2 52.1 45.8 29.1 28.1 36.3 
2 28.2 19.7 13.4 25.2 26.5 17.5 
3 4.1 11.7 8.7 9.0 9.1 8.6 
4 1.6 5.6 8.0 6.0 7.2 7.0 
5 .9 3.6 7.4 3.4 4.6 4.9 

Table note: 1960 for production/exports of leaf and imports of cigarette tobaccos. 
Sources: USDA ERS 1996; USDA FAS 2010, various years 
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particular, all producers of flue-cured, burley, or both, is correlated with the changing 

composition of U.S. imports (Latner 1997; Shafey et. al. 2002, USDA FAS 2000).  Brazil 

emerged as a top source in 1987, while Malawi and Argentina emerged in 1997.  

Turkey’s share of imports fell from 62.2% in 1959 to 17.5% in 2002.  At the aggregate 

level, the decline in the proportion of imports accounted for by the top 5 sources, from 

97% in 1959 to 74% in 2002, indicates increasing diversity of import sources and a 

decline in the competitiveness of domestic flue-cured and burley production.   

4.6 Conclusion 

In contrast to the pork industry, the tobacco industry is clearly global in nature at 

an early date, though competition with other global sources only emerges after the 1960s.  

Changes in the technology of manufacture and the transition toward low-tar cigarette 

consumption in the United States altered the demand for particular grades of tobacco; the 

capacity to utilize lower quality leaf provided an opening for foreign growers, mediated 

by the actions of manufacturers and the development of foreign sources. 

The high returns to tobacco production, combined with the presence of supply 

controls, curtailed spatial shifts in production.  However, the formation of large farms did 

not face restriction and was especially prevalent in flue-cured production generally and 

North and South Carolina specifically.  The development of large farms contains a 

number of causal precursors, including the development of the mechanical harvester, 

bulk-curing, competition with foreign growers, and possibly topography.  But as 

discussed in the next chapter, policy plays an especially important role in the operation of 

this industry and signals when crises emerge. 
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A spatial relationship between manufacturers and growers is difficult to assess 

due to the limited number of facilities present, especially in cigarette production.  

Concentration within North Carolina and Virginia seems to grow over the period, while 

production of cigarettes disappears in Kentucky. This finding does not directly refute the 

GCC perspective, as manufacturers are key intermediaries through which prices, tobacco 

quality, federal price support policy, and foreign sources are channeled.  This intersection 

is discussed in more detail in chapter 5. 

Finally, the empirical analysis suggests a number of industry-specific variables as 

well as a number of data limitations that will affect the application of statistical models.  

First, tobacco yield, price, and the invention of the mechanical harvester appear to be the 

most important industry-specific measures of relevance to the location of farm 

production.  Farm size classifications, trade, and producer characteristics all vary across 

tobacco types, and in several cases, type-specific information is not available.  Chapter 6 

details the specific steps used to surmount data limitations, but this chapter raises two 

important changes to the analysis suggested by chapter 3.  First, tobacco types are 

analyzed separately as well as in aggregated form.  Second, the effective capability of the 

price support system to arrest spatial changes to production may redirect farm change to 

different forms, specifically to scale increases.  As a result, production and farm structure 

serve as the dependent variables.
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5. Federal and State Intervention in Agriculture 

Politics and government action are inextricably bound to the development of 

agriculture and directly related industries in the United States.  Prior to the price 

instabilities of the 1920s, distinct eras in agricultural policy focused on the population of 

the frontier; productivity improvement through research, especially through land grant 

universities; and the balance at exchange between agriculture and industry through 

market information provision and limited regulation (Effland 2000; Sheingate 2001).  

Policies, whether or not directly motivated by industry actors, affected the stature and 

importance of agriculture within the economy and society.  Following World War I, the 

perception of problems the agricultural sector confronted changed (Dobbin 1994).  

Efforts to reduce regional disparities in productivity, declining prices, variable credit and 

chaotic financial markets, and the roles of powerful intermediaries within the banking, 

transportation, and processing segments gave way to efforts to raise farm incomes, 

relative to urban incomes, to levels seen earlier in the century (Effland 2000).  Within the 

last 20 years, a new era first enacted in the 1996 Federal Agriculture Improvement and 

Reform Act, is characterized by a separation of farm income from production and was 

motivated partly by the problems of price distortions and magnified by increased trade 

and necessary commitments under international accords (p. 25). 

Several problems arise with the implementation of the markets as politics 

perspective to agricultural policy.  First, as observed within the pork industry below, 

policies may be neither anticipated in effect nor specific to agriculture in origin.  Further, 

even when specific to agriculture, the industry context in which farmers operate varies 
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across crops, as seen through a comparison of chapters 3 and 4.  It is likely that if policy 

is an endogenous product of industry actors, the shape of policy will vary across 

industries because industry contexts and problems vary.  As seen below, this problem is 

complicated by the change in global context and the industry effects of policy.  Second, 

policy outcomes may also reflect actions of actors other than farmers as they pursue their 

interests.  The industry context highlighted by the GCC perspective draws particular 

attention to the role of processors.  However, the decline in the importance of agriculture 

to American society and the economy suggests that extra-industry actors also as 

potentially important.  Agriculture peaked at 11.8 million employees in 1910 and 6.5 

million farms in 1920 (Effland 2000:24; Sobek 2001), and declined to 745 thousand hired 

workers and 2.1 million farms in 2002 (USDA NASS various years (a)).  Employment 

declined from 31 percent to less than 1 percent of the national workforce during this 

period and followed a decline from 74 percent to 36 percent during the nineteenth century 

(Sobek 2001; Weiss 1992).  This decline may reduce the ability of farmers successfully 

to achieve support, especially if support is perceived to be narrowly focused (Gilens 

2000) and exists among competing interests and the recent reevaluation of the role of the 

central state.  Finally, the negative case, enactment of policy not causally related to 

industry change, failed enactment of a policy initiative, or inconsistent timing of 

economic and political developments, must be considered in the evaluation of policy 

(Emigh 1997). 

The identification of key policy developments at the federal and state levels is the 

primary contribution of this chapter.  Of particular importance to the markets as politics 
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perspective are the origins of these developments and their timing relative to the industry 

developments detailed in chapters 3 and 4.  This perspective expects policy developments 

to follow experienced crises or problems within the industry as actors seek to achieve 

stability.  In addition to the two crops studied, the inclusion of industry actors beyond 

farmers and the spatial variation in industry characteristics afforded by state level 

exploration contain potential to covary with political developments.  The tobacco 

industry does not explicitly experience crisis among manufacturers, although 

manufacturers act as a key conduit for the transmission of competitive foreign 

production.  By contrast, pork manufacturers experienced two periods of consolidation 

before or during the entrance of specialized farm operations.  State level variation allows 

for the inclusion of state and regional differences in types of tobacco produced, labor and 

feed costs, diffusion of specialized hog farms, and the presence of manufacturers.   

Several issues warrant further mention.  First, the markets as politics perspective 

advances a conception of policy that is not confined to industry specific definitions, 

despite the industry specific nature of causality.  For example, policy may emerge from 

incumbent firms that experience failure amidst market crisis or invasion by new firms; 

markets exogenous to the specific industry; proximate markets, such as other agricultural 

industries; and processors and other industry actors if it is assumed the GCC conception 

of the industry is correct.  Further, the perspective casts the state as an authority both 

willing and able to legitimately intervene in a favorable manner, though specific forms of 

intervention may vary in legitimacy.  To the greatest extent possible, this chapter focuses 

on the causal underpinnings of policy developments and their timing in relation to 
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industry developments.  Chapter 6 assesses the relative contributions of policy to industry 

development, but rests on the conceptual validity assessed in this chapter. 

Second, the study period does not encompass the formation of the price support 

system and expanded federal intervention throughout the economy.  This limits the 

explanatory power to some extent, though the perspective employed mitigates this 

problem.  Were the study initialized at the point of major policy change, namely the 

initialization of the price support system, the efficacy of the policy could be assessed, but 

a clear origin of that policy would not be present.  In essence, a left censoring problem is 

introduced when causal changes within the industry, the polity, or the society, many of 

which occur long before a policy change, are omitted (Fligstein 2001, 1996).  For 

example, federal support for agricultural research partly originated from competition 

between the established farm sector in the East and South, and the emergent and more 

efficient producers in the Midwest (Effland 2000).  The effects of and intent behind 

policy enactment should not be treated synonymously.  By the beginning of this study, 

the reduction of the number of crops that received federal support was fully enacted, the 

economic consequences of policies effected under the New Deal for program crops were 

partially unfolded, and substantial modification to the post-War system lay two decades 

in the future.  To contextualize policy developments and the range of options possible in 

the political climate, this chapter presents a brief discussion of federal policy. 

Finally, unobserved heterogeneity is a potential problem because the policy scope 

is narrowed to facilitate manageability, because local authority is not observed, and 

because agriculture intersects many policy spheres.  Several actions combat the 
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magnitude of this problem.  First, the scope of incorporated policy encompasses federal 

action implemented by the Department of Agriculture as well as other federal and state 

policies identified in the literature.  Federal price supports are critical to the operation of 

the tobacco industry, and the effectiveness with which they stabilized the proportion of 

production possessed by any state suggests that by contrast, other federal or state-level 

policies are minor in impact.  The relative profitability of tobacco farming and the 

general restriction on quota transfer discussed below and in chapter 4 sharply reduced the 

retirement of production by farmers, the one avenue through which spatial shifts in 

production could be manifested.  Despite this, specific characteristics of the program 

varied by tobacco types, and by extension states.  Salient federal action in the pork 

industry includes the Clean Water Act, rules that pertain to animal health and welfare, 

and packer inspection and meat grading.  Within this context, states carved out additional 

regulations in the fields of environmental protection, worker unionization and 

compensation, restrictions on corporate farming and vertical integration between feedlots 

and packers, and regulation of production and marketing contracts.  Trade promotion 

appears less relevant to these industries, despite its importance for agriculture broadly.  

Second, chapter 6 incorporates measures of the footprint of agriculture generally 

and these industries specifically at the state level on the expectation that policy favorable 

to agriculture will be more likely where agriculture is especially important to the state 

economy.  In this sense, the question of the negative case is sidestepped through a 

conceptual change from specific enactments toward predispositions for action in support 
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of specific interests or signals of support.  In some cases, policy in fact may carry limited 

impact, but they signal alignment with particular interests. 

The remainder of this chapter analyzes the key policy developments, their origins, 

and their timing with respect to changes in industry organization and economic 

characteristics.  The next section briefly details agricultural policy at a broad level 

beginning in the 1920s in order to provide a backdrop to policies within each industry.  A 

transition toward farm income support through commodity price support takes place 

between 1924 and the 1950s, while a transition toward farm income support through 

direct allocation occurred in the 1990s, though it followed efforts as early as 1973.  Next, 

each industry is detailed.  State policy is especially important to the pork industry, while 

the tobacco industry only includes federal policy.  The final section presents a summary 

of the applicability of the markets as politics perspective and a comparison of the origins 

of policy developments in the two industries. 

5.1 Federal Agricultural Policy in the Twentieth Century 

Following the New Deal and World War II, general agricultural policy changed 

little until the 1970s, though mechanisms and rates of support for specific crops 

fluctuated with the passage of each farm bill.  Support programs sought to protect farm 

incomes, promote exports, and limit oversupply through a variety of mechanisms from 

minimum guaranteed prices to restriction of production and imports.  Following both 

World War II and the Korean War, program crops that received support, declined in 

number but accounted for a large portion of farms and agricultural output.  Flexible price 

supports that reduced the levels of support and market distortion emerged after the 
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Korean War, but little conflict over whether to intervene existed.  As noted by Sheingate 

(2001), “[b]etween 1945 and 1964, … both parties tried unsuccessfully to secure farm 

votes through agricultural programs,” which often led to conflict over specific policies 

but indicated broad support for efforts of some sort (p. 144).   

This blanket statement obscures several noteworthy characteristics, including the 

interrelated nature of farm crops, divisions among farmers along crop lines, the 

geographic concentration of production for many crops, and the regional character of 

political parties and the broad support received by agriculture over most of the period (p. 

134-140, 144).  At the time farmers generally produced multiple crops, often produced at 

least some of their own feed grains when needed, and often purchased the output of 

others.  Efforts to support commodity prices were far more narrowly targeted after World 

War II, and the costs of these efforts fell on consumers.  Livestock farmers would 

consequently suffer the absence of price supports for their products and, when not 

produced on-site, would pay to support feed grain producers.  The formation of 

deficiency payments based on historical production in 1973 shifted the burden toward 

taxpayers and substantially reduced program operation and crop storage costs (Short 

1982).  Over time, this change realigned domestic and world prices, and conflicts 

interests with industries that consumed production, like the livestock industry, declined.  

Agriculture did not serve as a fault line between parties.  Only a political climate of rising 

deficits, favorable exports, and Congressional power predisposed toward state 

retrenchment would foster a completely decoupled relationship between commodity 

prices and farm income in the 1990s (Sheingate 2001:205-208). 
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Both case industries depart in important ways from the general agricultural 

program.  Tobacco fell under one of the most managed supply control programs, and 

unlike other program crops, the government did not serve as the buyer of last resort.  

Hogs emerged from supply control in 1950.  The evolution of general policy serves as an 

important baseline with which to evaluate periods of broad crisis within agriculture, 

federal capacity and disposition toward intervention of various forms, and shared 

understandings of the problems of and solutions for farmers. 

5.1.1 Constant Crises in Demand: 1920-1954 

By the early twentieth century, the rate at which agricultural output increased 

exceeded the rate of increase in demand.  Efficiency increases due to the application of 

science and engineering to plant productivity, increased use of fertilizers and other inputs, 

and mechanization increased farm-level production (Fuglie et al. 1996) while the 

diffusion of the railroad expanded the amount of land under cultivation.  In turn, farms 

were pushed toward consolidation and increased capital investments as a means of 

survival within an emergent national industry (Paarlberg 1964:14).  The exacerbation of 

longstanding problems like indebtedness, the inflation of real debt due to a money supply 

that grew slower than the national economy, and occasional conflicts with processors, 

handlers, and railroads led to an increase in activism and legislation aimed at farm 

income support in various forms (Paarlberg 1964; Shideler 1957).  Briefly arrested in the 

1910s by World War I and increased migration to cities, rates of increase in demand soon 

again lagged supply due to decline in demand from Europe, the United States’ transition 



 

 145 

to net creditor status and consequent rise in export prices (Bowers, Rasmussen, and 

Gladys 1984), and high railroad rates and lack of credit (Shideler 1957). 

The successful effort to shape wartime production through government action 

legitimized economic intervention to an unprecedented extent (p. 19), especially after the 

collapse of efforts on the parts of farmers highlighted the difficulty of coordinated, 

voluntary efforts (Bowers, Rasmussen, and Gladys 1984:1-2).  Several Congressional 

attempts sought to use government to establish fair prices for farmers and to act as a 

conduit to world markets or buyer of last resort, but all efforts died in committee, on the 

floor, or were vetoed (p. 1-2; Dean 2006).  Crop-specific legislation, represented by the 

most successful effort but twice-vetoed McNary-Haugen Plan, is of note because it 

recognized the unique conditions of specific crops.  The Capper-Volstead Act exempted 

marketing cooperatives from antitrust legislation in 1922, but these cooperatives could 

not command enough production to affect prices (Rasmussen 1985:5; USDA RBCDS 

1985).  As conditions worsened, the first major intervention, the Agricultural Marketing 

Act of 1929, issued loans to cooperatives in exchange for the withhold of products from 

the market until prices rose and authorized the creation of stabilization corporations for 

wheat and cotton (Bowers, Rasmussen, and Gladys 1984; Rasmussen 1985).  Prices did 

not rise either domestically or globally, and the $500 million fund was depleted by 1932. 

By Roosevelt’s election, the perception of a downturn of limited duration and the 

efficacy of price support via stockpile changed to that of a depression on a global scale 

only solvable through production restriction and demand stimulation, even among the 

members of the Federal Farm Board, the administrative body of the Agricultural 



 

 146 

Marketing Act (Bowers, Rasmussen, and Gladys 1984:3).  In fact, academics and 

contemporary or future USDA employees floated production control as early as 1926 (p. 

3).  But the magnitude of action in the First and Second New Deals is substantial both in 

its intervention and its evolution from initial passage to the permanent forms in place by 

World War II.  The Agricultural Adjustment Act (AAA) of 1933 instituted the first broad 

set of production controls.  Voluntary acreage restrictions determined by the USDA were 

exchanged for direct payments, unfair practices among processors and producer 

associations were reduced by licensing, and the regulation of marketing via agreements 

with processors and producer associations was enacted.  The concept of parity, a fair 

share of economic gains in relation to manufacturers, was used to calculate support prices 

(Teigen 1987; Bowers, Rasmussen, and Gladys 1984).  The base period, 1910 through 

1914, was chosen because “[c]onditions of that period allowed farm numbers, land in 

farms, cropland harvested, and farm population all to increase without adverse effect on 

prices” (Teigen 1987:1).  The target support price fell slightly below parity and annual 

adjustments were made for inflation of living and production expenses. 

Initial program crops were limited to wheat, cotton, field corn, hogs, rice, tobacco, 

and milk, but a series of acts through 1935 expanded this list.  Tools generally arose 

within specific commodities but expanded across crops.  Some of these tools included 

import controls, rental payments to farmers for acreage reductions or crop destruction, 

loans in exchange for retention of commodities, distribution through the nation’s first 

food stamp program, in operation until 1943, and even the earliest quotas on cotton and 

high taxes on excess production.  By executive order, Roosevelt formed the Commodity 
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Credit Corporation (CCC) to facilitate loans to cotton farmers, an especially hard hit 

crop.  The CCC would play a crucial role in price support operations in the future. 

Farm income was 50 percent higher in 1935 over 1932, and 25 percent of farm 

income came from the variety of government payments (Bowers, Rasmussen, and Gladys 

1984:10).  Following the Supreme Court’s decision to invalidate production controls, 

Congress passed the Soil Conservation and Domestic Allotment Act of 1936, which paid 

farmers to shift land from “soil-depleting surplus crops into soil-conserving legumes and 

grasses” under the guise of soil conservation (p. 11).  In effect, this allowed for the 

temporary continuation of income support.  This act also changed the parity basis from 

commodity prices to farm income to reduce the disparities between rural and urban 

incomes.  The AAA of 1938 formalized the conservation practices set in 1936, added 

emergency measures for natural disasters including crop insurance for wheat, enshrined 

production control through marketing restrictions for many crops, and added provisions 

to confront emergent problems like competition between production controls and 

dependent farmers over supported prices and the negative public reaction to limitless 

payments to farmers (p. 12-15).  The creation of nonrecourse loans secured with future 

crop production lent the government significant power to stabilize prices through product 

acquisition and distribution of government-owned stocks through varied programs (p. 

14). 

During World War II, more than 100 products fell under price supports as part of 

the war effort (p. 16).  In the spirit of price controls during World War I, support targets 

were set at a high level to ensure adequate production.  The Republican capture of 
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Congress in 1946, recapture by the Democrats in 1948, and the outbreak of the Korean 

War delayed the post-War transition until 1954, though not the debate over critical issues 

like the validity of the concept of parity versus income as the measure of wellbeing, price 

support versus supply control to curtail oversupply, and the concept of direct support 

payments in limited circumstances to support incomes (Dean 2006:136-138, 236).   

5.1.2 Limited Market Forces and Cyclical Crises: 1954-1996 

The end of the Korean War renewed overproduction as a threat in light of the shift 

toward mechanization during World War II and the potential for concentration of 

production (p. 235).  Several changes were implemented.  A shift in 1954 to flexible price 

supports that fluctuated within a band in countervailing direction to supply mitigated 

oversupply.  The number of crops that fell under federal assistance declined with the 

1949 Agricultural Act and the 1954 National Wool Act (Green 1991:2).  Further, the 

most interventionist tools were generally restricted to basic commodities, defined as 

peanuts, tobacco, upland and extra-long staple cotton, feed grains, wheat, and rice, while 

other crops were eligible for nonrecourse loans through CCC purchases.  Second, 

Congress authorized acreage reduction in various forms, initially through the Soil Bank 

Program, as a tool to reduce overproduction (Bowers, Rasmussen, and Gladys 1984:22; 

Green 1990:2-4).  Acreage reduction often was a condition for participation in support 

programs, although the Conservation Reserve Program, the largest program as measured 

by appropriations and land retirement, was established strictly to control erosion and 

other similar problems (Sullivan et al. 2004:3-4).  Finally, the resumption of normal trade 

relations by 1954 allowed for the disposal of surplus production and accumulated 
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stockpiles through exports.  Export promotion, most visibly represented by the Food for 

Peace Program (PL 480) became a key component of demand stimulation of grains 

(Bowers, Rasmussen, and Gladys 1984:21; Porter and Bowers 1989:10).  However, 

global markets development and domestic farm policy conflicted to a greater extent over 

time, both directly at the level of trade negotiations and indirectly through import 

restrictions, price differences with global markets, and the effects of these distortions on 

manufacturers. 

The post-War adjustment also encompassed adjustment to the variable 

consequences of the crop-specific policies effected during the Great Depression.  

Paarlberg’s (1964) comparison of five program crops effectively illustrates widening 

differences in industry operation across crops, the role of policy in the magnification of 

these differences, and by extension, why policy remained crop-specific.  To illustrate, 

corn existed under a voluntary program because livestock producers often produced their 

own feed; the impracticality of price support through supply control outweighed the 

displacement effects on prices of this production.  As a result, only 12 percent of 

production fell under price supports by 1958 (p. 206).  Prices often fell below support 

levels even though only a small fraction of total acreage fell under the price support 

system.  As government-owned stocks rose and reductions in support levels were 

triggered, only a fraction of corn producers were directly affected.  By contrast, cotton 

fell under mandatory acreage allotments and cotton farmers were the beneficiaries of 

export subsidies and strict import controls to support the price supports.  Over time, 

domestic textile producers, without alternative to domestic cotton and often in 
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competition with foreign textiles produced with subsidized American cotton, found 

themselves at a disadvantage with respect to global producers and in possession of 

interests at odds with those of cotton farmers (p. 240-241).  By 1960, corn supports were 

set at 65 percent of parity and cotton stood at 75 percent (Bowers, Rasmussen, and 

Gladys 1984:23), which indicates a weakening of support in both cases, albeit by 

different specific means. 

World crop shortages and the decline of the dollar after Bretton-Woods sharply 

increased the steady growth rate of exports achieved during the 1960s (p. 29).  By 1973, 

the concerns over the cost of programs designed to limit production, extra-market 

adjustment mechanisms, and high food inflation became reflected in policy.  The basis 

for parity changed in 1973 from farm income to the costs of production, which slowed 

the increase in program costs and lowered the severity of price disparities with world 

markets.  Disaster payments were also created for some crops.  Most important, support 

prices were replaced by target prices met through deficiency payments when sales fell 

below targets.  Essentially, commodities were sold at market prices to reduce market 

distortions, and the government covered the difference through direct allocation. 

These developments increased the responsiveness of agriculture to demand at a 

time of high prices, which in turn set in motion the origin of the farm crisis of the 1980s.  

By the Carter administration, increased production again raised the specter of income 

instability (p. 31) at a time when farmers, especially feed grain producers, increased debt 

in a scramble for farmland and capital investment (Harl 1990).  Not only did these 

investments occur at a time when prices increased more slowly and reliance on export 
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markets grew, they occurred at a time when moderate or high inflation reduced the 

immediate consequences of indebtedness (Bowers, Rasmussen, and Gladys 1984:31; Harl 

1990).  Land values increased due to relative insensitivity toward debt and due to the 

feedback effect produced by the increased amount of collateral possessed by farmers in 

the form of appreciated land.  Prices were not substantially affected by emergency 

support measures and the institution of farmer-owned production reserves (p. 33-34). 

A consequence of the interest rate hikes of the early 1980s was an immediate 

systemic shock to this dynamic.  Harl (1990) points to three immediate effects.  First, 

high interest rates immediately affected farmers without fixed loans and reduced the 

availability of new loans.  Second, high interest rates appreciated the dollar, which 

reduced exports, especially important among feed grains.  Third, land acquisition ended, 

which depressed markets and reduced the value of holdings.  By 1988, 4.2% of U.S. 

farms would file for bankruptcy protection (Harl 1990; Knutson, Penn, and Flinchbaugh 

1998:224).  At a regional level, the crisis was often much more severe.  In real dollars, 

the value of farmland in the U.S rose 71 percent during the 1970s and fell nearly 40% 

during the 1980s (USDA NASS various years (b)).  Minnesota, Iowa, Indiana, and 

Illinois were the third, fourth, fifth, and seventh fastest appreciating states respectively.  

During the 1980s, they were the fourth, first, second, and third fastest declining states 

respectively.  In the case of Iowa, real values, already eleventh highest in the U.S., rose 

by 111 percent, then fell by more than 60 percent. 

The deepening farm crisis reduced initial efforts by the Reagan administration to 

reduce the role of government in agriculture, despite the rise in program costs and the 
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accumulation of government stocks (Bowers, Rasmussen, and Gladys 1984).   Support 

levels were generally lowered, and the payment-in-kind system attempted to reduce cash 

payments and government stocks by reimbursing farmers with CCC-owned stocks 

(Knutson, Penn, and Flinchbaugh 1998:224).  Despite the apparent delay in state 

retrenchment. the most important development was a sharper separation of future farm 

production from historical production, the basis for support eligibility in many cases, in 

order to improve the responsiveness of farmers to the market (Young and Westcott 1996).  

As noted above, one example of this separation, the Conservation Reserve Program, 

explicitly changed land diversion to conservation in part to reduce the direct impact on 

commodity prices.  Marketing loans were also changed to allow for repayment of loans at 

world commodity prices, which were generally lower, and the Agricultural Credit Act of 

1987 assisted refinance or acquisition of farm loans.  Despite an effort to shift toward 

market mechanisms, commodity program expenditures reached a record high of $26 

billion in 1986 (p. 2). 

5.1.3 Income Support and Free Markets: the 1996 FAIR Act 

Efforts to reduce persistent deficits, limits imposed by trade commitments, the 

ascent of Republican majorities in Congress, and favorable agricultural prices throughout 

the 1990s immediately preceded the passage of the Federal Agriculture Improvement and 

Reform Act of 1996, though substantial efforts to move toward a free market orientation 

are apparent as early as 1973.  The FAIR Act replaced most commodity programs with 

income support efforts decoupled from historical and future production.  Income support 

took the form of fixed payments to farmers based on historical production and capped at 
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$40,000 per person per year over seven years (Young and Shields 1996).  Marketing 

loans were retained, albeit at frozen rates in most cases.  Though deficiency payments 

introduced in the 1970s isolated market prices from the incomes of farmers, the FAIR 

Act completely decoupled planting decisions from income by fixing income payments to 

historical production, which shifted risk toward farmers and reduced the annual 

variability in government expenditures (Westcott and Young 2004). 

With a decline in agricultural prices in 1998, Congress passed five subsequent 

emergency farm bills to support incomes through marketing loss appropriations.  This 

experience ultimately led to the development of countercyclical payments to farmers in 

the 2002 Farm Security and Rural Investment Act (Westcott, Young, and Price 2002:2-

3).  Income support operated through direct payments in a manner similar to those in the 

1996 FAIR Act, in contrast to the intentions behind that Act to provide these payments 

for only seven years.  Countercyclical payments were based on historical acreage, 

payments were made when prices fell below targets, and marketing loans were retained 

(p. 7-10).  While the 2002 Act appears to be a reversal of the 1996 Act, farmers update 

historical production at the start of subsequent legislation, which limits the degree to 

which income is recoupled with production. 

This brief narrative suggests a crisis and response policy toward agriculture, 

punctuated by periods of evaluation in light of changed contexts and political ideology.  

The reasons why some crops retained price support are not clear.  As noted, price 

supports covered the majority of farms through much of the study period, though this can 

be said of any alternative set of crops to some extent.  More likely, program crops were 



 

 154 

supported due to persistent price volatility prior to the New Deal, as suggested by the 

targeted nature of policy formation and alteration.  To address this question and to detail 

the targeted nature of policy, the tobacco industry is detailed. 

5.2 Federal Policy for the Tobacco Industry 

Federal tobacco policy falls along the interventionist end of the policy spectrum 

and in contrast to the pork industry, state-level political institutions do not clearly affect 

industry operation relative to federal policy.  As noted in chapter 4, this program 

effectively eliminated changes in the proportions of national production accounted for by 

states (Bordeaux Jr. and Hourigan 1972).  In contrast to most program crops, tobacco was 

one of the strictest supply control programs after the Korean War.  Only after competitive 

sources of tobacco formed after the 1960s did the maintenance of high income support 

become problematic.  Tobacco became relatively expensive compared with global 

sources, and adjustment generally entailed the reduction of allotments as the price for the 

maintenance of high support levels.  This section details the formation of the price 

support program in two separate phases.  Domestically, the structure of the program 

engendered instabilities and corrective efforts absent the global context.  Second, the 

introduction of global competition, coupled with decline in domestic use, created a 

second source of crisis.  In both periods, the interests of both growers and manufacturers 

are reflected in policy changes, summarized in table 5.1. 

5.2.1 Tobacco Program Formation and Domestic Instability 

Despite the breakup of American Tobacco Company, tobacco farmers organized 

cooperatives after World War I to improve persistently low prices and targeted explicitly 
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Table 5.1: Major Policy Actions in the Tobacco Industry 

Year Action / Legislation Description 
1933, 
1936 

AAA; Soil Conservation 
and Domestic Allotment 
Act 

Cash payment for acreage restriction / soil conservation 
for soil depleting crops 

1934 Kerr-Smith Tobacco 
Control Act 

Taxes on production for non-cooperative farms 

1938, 
1939 

Agricultural Adjustment 
Act and amendments 

Marketing quotas, acreage basis; approved by referenda, 
mandatory with penalties for over-production, support set 
at 75 percent of parity; non-recourse loans used 

1942 Congressional action Support raised to 90 percent, effective through 1948 
1946 Administrative action Flue-cured stabilization cooperative established 
1949 Agricultural Act 90 percent of parity established by law 
1960 Congressional Action Froze 1960 prices at 1959 levels; support changes to be 

based on average parity change over past three years 
1962 Public Law 87-200 Flue-cured lease and transfer authorized until 1986 
1965 Agriculture Act Flue-cured: poundage quota basis, quota carryover 

allowed up to 10 percent of allotment 
1968 Congressional action End tying of flue-cured leaf 
1971 Agriculture Act Burley: poundage quota basis, lease and transfer  
1978 Four Leaf Program Allotted additional acreage in exchange for non-harvest of 

lower leaves; discontinued in 1984 
1982 No-Net-Cost Tobacco 

Program Act 
Part of 1981 Agriculture and Food Act; growers assessed 
for support program costs; owners of flue-cured to sell 
quota, apart from land, to active growers within same 
county; non-farm institutions forced quota sell 

1983 Dairy and Tobacco 
Adjustment Act 

Support frozen at 1982 levels; secretary authorized to 
reduce burley quota <10 percent any year to support 
prices, up from 5 percent; lease – transfer ends in 1987 for 
flue; imports that compete with U.S. tobacco must be 
inspected; forfeiture of flue quota where tobacco not 
produced 2 out of last 3 years beginning in 1986 

1986 Consolidated Omnibus 
Reconciliation Act 

Burley frozen at $1.488/lb, flue down to  $1.438 for 1986; 
support now calculated as: 2/3 - 5-year moving average of 
prices, 1/3 – cost of production index; secretary can raise 
65-100 percent of this; quota  carryover reduced to 3 
percent from 10 

1990 Farm Poundage Quota 
Revisions Act 

Allowed sale of burley quotas within counties, lease and 
transfer across counties allowed in TN if approved  

1998 Tobacco Master 
Settlement Agreement 

Settlement with 46 states and big 4 manufacturers; annual 
payments, curtailment of specific marketing practices 

2004 Fair and Equitable 
Tobacco Reform Act 
(Tobacco Transition Act 

Ended tobacco quota system; owners receive $7/pound for 
quota owned in 2002, growers receive $3/pound for 
production in 2002; financed by assessments on 
manufacturers and importers over next 10 years 

Sources: Bowers, Rasmussen and Baker 1984; Grise 1989, 1995; Mann 1981; Pugh 1981 
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toward processors (Bordeaux Jr. and Hourigan 1972:253-254).  With the passage of the 

AAA of 1933 and possibly due to the widespread nature of the agricultural crisis, 

oversupply emerged as an additional perceived problem to correct.  With minor variation, 

the program did not change from enactment to retirement.  Voluntary acreage reductions 

were exchanged for direct payments of a rental fee of $12.50 per acre, and deficiency 

payments were made where production fell below the set allotments (Johnson 1984).  To 

address noncooperation by some farms, the Kerr-Smith Tobacco Control Act of 1934 

placed a tax of 33.3% on all tobacco sold outside the system (p. 33).  Following the 

nullification of much of the AAA the relative ineffectiveness of supply control under the 

Soil Conservation and Domestic Allotment Act of 1936, Congress passed the AAA of 

1938.  Mandatory supply controls took effect if 2 out of 3 producers voted in favor of 

supply controls and price support in type-specific referenda, and estimated support price 

and allotment was circulated in advance.  In exchange, the USDA allocated allotment 

based on historical production, domestic and global demand, and manufacturer and 

government-owned stocks.  Supply control initially aimed to achieve a support price of 

between 75 and 90 percent of parity (Bowers, Rasmussen, and Gladys 1984). 

After 1938, nonrecourse loans were used to support prices at target levels, rather 

than direct rental of land or deficiency payments.  At the level of transactions, 

government inspectors assigned grades and correspondent support prices to lots based on 

color, damage, stalk position, and other characteristics mentioned in chapter 4.  If a 

winning bid did not reach the set support price for the assigned grade, the tobacco was 

purchased at the support price, and a loan against the tobacco was issued to the grower.  
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The tobacco was stemmed, redried, and was sold at a high enough price to pay the loan 

with interest under ideal circumstances. Prior to 1946 for flue-cured and 1941 for burley 

tobacco, the CCC directly purchased tobacco like other program crops (Johnson 

1984:35).  After, stabilization cooperatives performed these functions, and the CCC 

served as the ultimate source for loan money.  The nonrecourse aspect of these loans 

meant in effect that the farmer would receive the support price, and the CCC or 

stabilization board effectively owned the tobacco, irrespective of gain or loss upon sale.  

Before the passage of the No-Net-Cost Program in 1982, the federal government 

accrued any losses; following passage, growers and manufacturers each covered half the 

cost of program administration through assessment at auction (Bowers, Rasmussen, and 

Gladys 1984).  However, costs for administration do not appear to be the cause for this 

change, as the tobacco program was less expensive than other programs.  Bordeaux Jr. 

and Hourigan find that in 1970, costs as a proportion of sales were 7.7% for tobacco, in 

contrast to 59.9% for wheat and 97.7% for upland cotton (1972:264).  Tobacco, like most 

other crops, experienced volatile production swings across years, which may not be 

reflected by this statistic.  Particularly bad years would meet with a large proportion of 

tobacco placed under loan at increased cost, most directly observed at the level of 

tobacco type (Johnson 1984:48). 

Finally, historical production tied to particular lands served as the basis for 

apportionment of production and marketing quotas.  Prior to 1965 for flue-cured and 

1971 for burley tobacco, allotments were based on acreage restrictions.  The efforts of 

growers to maximize these allotments undermined the supply control system.  Between 
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1949 and 1958, the ratio of tobacco production to tobacco usage averaged between 1.05 

and 1.06, compared with 1.00 between 1958 and 1962 and between 1.08 and 1.17 

between 1962 and 1964 (Brannen 1966:1448).  The rise in yields was problematic 

because it naturally varied across farms and because a decline in quality was often the 

result of increased yield (Johnson 1984:48-50; Bordeaux Jr. and Hourigan 1972). 

The transition to a marketing quota from acreage restriction sought to reduce 

oversupply and the inefficiency produced by land restriction and consequent 

overinvestment in other factors of production (Johnson 1984:49).  In fact, growers 

seemed to support the transition to marketing quotas, as evidenced by the introduction of 

the flue-cured proposal by two North Carolina congressmen in 1965 (UPI 1965) and by 

the 98.3 percent of burley growers that approved adoption of the poundage system by 

referendum for the 1974-76 market years.  This somewhat surprising support may be in 

part due to the institutionalization of an allowance for carryover of quota from one year 

to the next; a grower could oversell or undersell quota by at most 10 percent provided the 

grower adjusted for the difference the following year.  Processor support is expected 

because irrespective of the method of production, output remained the same, although 

quality appeared to suffer under acreage allotments (Bordeaux Jr. and Hourigan 

1972:255). 

A second adjustment allowed for intra-county lease of tobacco quota to correct for 

the age of the program and the reductions in quota size.  In many cases, quota cuts 

reduced allotments below a point at which production was economically viable, and by 

the 1960s, many farmers had retired (Johnson 1984:49).  Flue-cured lease was allowed in 
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1961 and burley in 1971.  The intra-county aspect prevented quota from relocating 

toward more productive regions as had occurred prior to the 1930s with the southeast 

shift in production, and thereby protected the value of the tobacco quota for owners 

(Skully 2000), especially along the coastal plain, where productivity and capitalized 

quota value was highest (Mann 1981).  Finally, in parallel with the adoption of flexible 

price supports after the Korean War for program crops generally, Congress authorized a 

change to a three year moving average of parity increases in tobacco support prices to 

slow the increase (Johnson 1984:48-49).  However, it is noteworthy that in contrast to 

peanuts, one of only three crops to retain marketing quotas after the 1960s, quota was cut 

in order to retain high support prices (Dohlman, Foreman, and Da Pra 2009b).  Over 

time, this became one component of the asymmetry between domestic and global prices, 

and as shown in table 5.1, many actions froze supports to arrest this dynamic. 

5.2.2 Tobacco in a Global Context 

While the accumulation of tobacco stocks in the 1950s and 1960s was a serious 

concern, absent a decline in domestic consumption, the policy changes described above 

would reduce pressure on the price support program.  Domestic per capita cigarette 

consumption peaked in 1964, the year the surgeon general released a report stating that 

smoking causes cancer, though as noted in chapter 4, population increase delayed the 

effect of decline.  More importantly and as noted in chapter 4, the character of U.S. 

tobacco trade began to change in a manner unfavorable to domestic growers.  Again, a 

rise in global demand initially offset the negative impact.  Nonetheless, the development 

of tobacco competitive with U.S. production initiated a second period of instability. 
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The interaction between the structure of the price support system and trade is 

complex and is conceptualized most clearly as its indirect impacts on the choices of 

manufacturers.  Lease and transfer of quota allowed farms to agglomerate, though for 

multiple reasons, agglomeration occurred sooner and to a greater extent in the flue-cured 

regions (Mann 1981).  In turn, this made mechanical harvest and bulk cure cost effective, 

provided cost savings exceeded receipts for a lower quality product.  “By 1968, … 

[p]olitical forces had effectively adjusted the allotment system to permit a major 

economic transition – from small tobacco farms to large-scale farming, from a labor-

intensive system to a mechanized production cycle” (p. 41).   

Among manufacturers, the decline in quality was more important than lower 

prices given the relative availability of lower quality alternatives.  The Four Leaf 

Program of 1978-1984, where farmers were awarded extra acreage allotment to not 

harvest the lower leafs of tobacco plants, and a decrease of support prices of the lowest 

grades of tobacco leaf in 1980 serve as examples of this concern at a purely domestic 

level.  Over time, domestic manufacturers and foreign buyers also encountered 

alternatives to U.S. domestic production.  While these sources were inferior to the best 

domestic production, prices were far lower.  As noted in chapter 4, foreign buyers 

interacted more with flue-cured markets than with burley markets.  In combination with 

the support system, declines in quality, and global alternatives, price pressure emerged, 

most severely in the flue-cured system.  In 1980, the secretary of agriculture was 

authorized to increase support prices by 65 percent of that mandated by the parity 

calculation to mitigate this problem (Johnson 1984:51). 



 

 161 

The emergence of price pressures coincided with pressure to end tobacco support 

in light of the negative association between tobacco and health and led to two general 

policy directions.  First, Congress and the USDA tried to facilitate efficiency in light of 

technological developments and to reduce the separation between the interests of quota 

owners and growers (Babcock and Foster 1992).  Key developments are the elimination 

of the hand tying of leaves prior to auction, changes in the lease and sale of quota, and 

multiple support price freezes.  Second, policy aimed at a broader level to maintain farm 

incomes and placate criticism of the increasingly unpopular program.   

Prior to the 1960s, tobacco was sold in tied hands of 15 to 25 leaves except in 

Georgia and Florida (Pugh 1981).  The transition to loose-leaf baled sales, beginning in 

1968 for flue-cured and in 1979 for burley tobacco, dramatically reduced labor 

requirements after harvest.  For example, grading and tying among flue-cured farms 

required 140 hours of labor per acre in 1952, but only 60 hours per acre were required in 

1983 for stripping, baling, and grading (Johnson 1984:77, 83).   

Second, farmers were able to successfully convince Congress that absentee 

landlords and high quota rental rates partly were responsible for high tobacco prices 

(Womack 2005).  At the county level, the price of quota and the proportion of total value 

that accrues to owners vary inversely with the marginal cost to production, itself a 

function of many factors, including input costs, yield, and the degree to which large 

farms agglomerated quota land (Babcock and Foster 1992).  To address the separation 

between the interests of owners and growers, quota leases except in disaster 

circumstances were ended in 1986 and quota sales, separated from particular lands, were 
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allowed for flue-cured production after 1982 and after 1990 for burley (Gale Jr., 

Foreman, and Capehart 2000).  All non-farm interests were required to sell owned quota 

and growers were required to farm quota in two out of the past three years to retain quota 

(Grise 1989:27).  Due to its labor intensive nature and the small size of grower 

allotments, burley quota often was underutilized, particularly in those parts of Tennessee 

where production became uneconomical (Gale Jr., Foreman, and Capehart 2000:15; Snell 

and Chambers 1997).  Lease and transfer was not eliminated and in the case of 

Tennessee, inter-county lease was allowed. 

Finally, a number of initiatives throughout the 1980s reduced support levels.  

Between 1982 and 1984, support prices were frozen, and in 1985, prices were lowered 15 

percent (Grise 1989:22).  In addition, the legislation that authorized the sale of quota also 

reduced the carryover of tobacco quota across years from 10 percent to 3 (p. 26).  Further 

support reductions in the late 1980s were complimented with recalibration of the method 

of support price increases to reduce the growth in support levels (p. 28). 

Support reductions lowered the price received by farmers and may have extended 

the competitiveness of American tobacco.  However, as allotments shrank and prices 

declined, agglomeration drove farmers from production.  The growing unpopularity of 

tobacco production, the rise in prices, and global trade commitments in the 1990s 

threatened to end price supports.  First, the No-Net-Cost Program of 1982 represented a 

compromise of sorts; growers and buyers were assessed a fee at the point of transaction 

that, over the long run, would pay for the price support program (p. 27-29).  In exchange, 

price supports would continue, albeit with the substantial changes discussed above.  
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Second, in addition to direct payments to states for Medicare costs, the Master Settlement 

Agreement of 1998 provided $5.15 billion over a period of 12 years toward compensation 

of growers (Capehart 2001).  Though not legislation, the MSA signaled a significant shift 

in public opinion, official state sanction, and initiated an escalation in cigarette prices to 

compensate for payments. 

With the passage of the Fair and Equitable Tobacco Reform Act of 2004, a 

system of assessments on manufacturers and buyers totaling $9.6 billion and superseding 

phase II of the MSA, was enacted to compensate allotment owners and tobacco growers 

(Dohlman, Foreman, and Da Pra 2009a:18).  As with legislation in the past, the interests 

of quota owners are reflected in the structure of the transition.  Owners were paid $7 per 

pound of allotment, while growers were paid for $3 per pound farmed, each over 10 

years.  The $10 per pound in cases where a grower owned the entire allotment amounted 

to 5.7 times the 3-year average of tobacco prices, substantially more than the 1.8 

premium enacted under the peanut buyout (p. 19).  However, in contrast to the peanut 

buyout, tobacco was not supported by any government program after enactment. 

5.2.3 Summary  

As noted in chapter 4, supply control was effective at eliminating some spatial 

changes, specifically aggregate production among specific tobacco types.  In contrast to 

the peanut system, tobacco supply controls were also effective at setting a floor below 

market prices, though as seen in figure 5.1, the real value of this price floor declined over 

time, especially during the 1980s.  Two other aspects of this system are of note.  First, 

tobacco types vary in terms of average variation from the support price.  Both flue-cured 
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Figure 5.1: Real Support Prices and Prices Received by Farmers, 1958-2009 

Sources: USDA ERS 1996; Capehart 2005 

and burley prices average about 9 percent above support prices over the period, while the 

weighted average of all other non-cigar tobacco types averages nearly 30 percent above 

support prices.  As reflected in the volatility of prices received, this performance is a 

reflection of the lower supports for these types that were established as early as 1945 

(Bowers, Rasmussen, and Baker 1984:17).  Unexpectedly, referenda for non-cigar, non-

cigarette tobaccos passed throughout the study period in spite of the low support prices.  

Though speculation, the small scale of tobacco farming in the Appalachians may be the 

cause.  Specifically, farmers may have been relatively unable to expand production and 

were willing to trade support for this inability.  Second, the end of price supports reduced 
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the real prices received by growers.  Between 2004 and 2005, flue-cured prices declined 

by 23 percent, burley prices by 24 percent, and other non-cigar tobaccos by 8 percent.  

By 2009, only flue-cured prices recovered to some extent, but only to a limited extent.  

The supply control system operated through a combination of loan placements 

and quota restriction.  Figure 5.2 displays no clear relationship between loan operations 

and quota allocations within tobacco types.  Volatility appears to grow beginning in the 

1980s and becomes particularly severe during the 1990s.  Surprisingly, both flue-cured 

and burley tobacco experience quota increases at points in the 1990s.  Finally, while loan 

operations appear to be heavily used, the trends displayed obscure changes in the use of 

this tool.  As noted in chapter 4, low grade tobacco, particularly in the case of flue-cured 

tobacco, became more likely to be placed under loan over time due to competition with 

imports.  The magnitude cannot be reliably estimated, but must be mentioned as a caveat.   

In each phase of the tobacco program, efforts to solve previous problems 

manifested new problems.  In the context of trade competition in raw tobacco, the 

sustainability of high support levels was threatened.    Policy changes are similar between 

flue-cured and burley tobaccos, though changes in the flue-cured system occur first.  

These developments generally appear to be reactive toward the interests of growers, 

especially flue-cured farmers, which suggest an endogenous conception to policy 

development.  However, it is not clear to what extent the included policies were reactions 

to industry pressures or simply parts of the broader climate in which agricultural policy 

existed.  On one hand, the timing of reductions in price support levels, the switch to a 

poundage basis for quota allocations, and the initiation of lease and sale of quota follow 
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Figure 5.2: Annual Production Placed Under Loan and Annual Quota 
Change, 1958-2004 

Sources: Capehart 1999, 2002, 2005; USDA ERS 1996 

the increase in tobacco yield and the decline in global competitiveness.  On the other 

hand, the initiation of the No-Net-Cost program clearly precedes the development of less 

restrictive agricultural policy at a general level, while the tobacco buyout follows the 

curtailment of substantial supply control efforts in many other industries.  The presence 

of efforts to eliminate tobacco policy since the 1980s suggests a wider array of interests. 

5.3 Federal and State Policy in the Pork Industry 

The hog farming industry presents a number of contrasts to the tobacco industry, 

namely in the emergence and timing of industry problems, the role of direct federal 
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policy and the latitude with which states were able to effect significant legislation, and 

the role of indirect effects from proximate industries and outside agriculture.  Livestock 

industries were among the earliest to be affected by federal intervention amidst 

accusations by small farmers of unfair treatment by manufacturers.  Technological 

development and the expansion of railroads led to heightened plant size and industry 

consolidation, relocation to the Midwest, and manufacturer efforts to control railroad 

rates, inputs, and livestock prices (Skaggs 1986:101-103).  Many of these industry 

practices served as an impetus for anti-trust legislation, the Packers’ Consent Decree of 

1920, and sanitation and inspection standards at the turn of the twentieth century (Hahn 

and Nelson 2002:16).  More recently, the development of animal welfare regulation (7 

C.F.R. 54 2007), mandatory price reporting (Hahn and Nelson 2002), environmental 

regulation (Ribaudo 2003), and weather-related and other emergency procurement and 

assistance measures reflect a mix of consumer and farmer interests at odds with the broad 

picture of federal intervention above.  Finally, price support and supply control was 

enacted in the Great Depression in 1933 and ended after 1949 for hog farms, but not for 

corn and other feed grain inputs to livestock (Bowers, Rasmussen, and Baker 1984:19). 

Many of these policies were broadly applied to livestock industries, in parallel 

with most state initiatives.  Second, many developments are not endogenous in nature.  

For example, the passage of moratoria on hog farm expansion, the most obvious 

candidate for endogenous policy formation, is a consequence of environmental problems 

and not necessarily a battle between large and small farmers.  Though broader in nature 
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than the hog farming and livestock industries, anti-corporate farming legislation appears 

closest to endogenous of industry change (Edmondson and Krause 1978). 

This section reviews the complex set of policies that directly impact or indirectly 

affect the spatial location of the pork industry.  Federal policy is briefly reviewed to 

provide a context for policy development during the study period, but the absence of 

significant federal policy relative to the tobacco industry shifts attention to the state level.  

The key objectives are to detail the variability of policy at the state level, determine 

whether this policy is correlated with the industry developments identified in chapter 3, 

and assess the validity of the markets as politics perspective to policy formation.  

Specifically, does policy reflect the hog farming industry specifically, the farming 

activity generally, or the dominance of manufacturer or consumer interests at the state 

level?  Second, are predispositions toward specific directions of state action apparent 

through the aggregation of multiple, distinct policies?  Finally, if tobacco legislation 

gradually moved from protection of farm incomes toward compromise between farmer 

and manufacturer interests and finally toward unhindered operation of markets, how is 

policy in the pork industry best described in relation to industry operation?  This section 

conceptualizes intervention as targeted toward the relation between farmers and 

processors and other industry actors, between farm activity and its effects on society, and 

between manufacturer interests and society.  State-level policies are detailed in table 5.2. 
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5.3.1 Policing Intra Industry Relations: Coordination, Integration, and 
Consolidation as Challenges to Farming Activities 

Arguably the most substantial efforts to police relations between many farms and 

few manufacturers occurred before the Great Depression as an outcome of the 

Progressive Era, the most significant of which was the Packers and Stockyards Act.  Due  

to the relatively weak power of small farmers to set prices and seek alternative customers, 

especially amid consolidation of manufacturers into large Midwestern cities and few 

companies during the early 1900s, controversy emerged with the method by which prices 

were determined (Hahn and Nelson 2002).  The Packers and Stockyards Act of 1921 and 

subsequent amendments banned many anticompetitive practices, such as price 

discrimination and inaccurate weights, mandated prompt payment for livestock, bonded 

packers to reduce fly-by-night activity, and reduced the price-setting abilities of 

processors (Kelley 2003).  The Packers’ Consent Decree of 1920, an agreement between 

the “Big Five” and the FTC, required packers to divest all non-meat facilities and 

activities, such as railroads, feedlots, wholesale and retail trade, and commodities 

unrelated to the meat industry (Skaggs 1986: Matthews et al. 1999:9).  Finally, 

government inspection and the development of meat grades in 1916 produced a more 

disaggregated price system that recognized quality differences (MacDonald et al. 

2004:56). 

As noted in chapter 3, manufacturers fragmented and relocated between this time 

and the early 1970s, when a new round of consolidation began.  The creation of contract 

farming, which occurred at different times and to different extents across livestock and  
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Table 5.2: State-Level Legislation in the Pork Industry 

State-level Policy Illinois Iowa Minnesota 
North 

Carolina Texas 
Intra-Industry Regulation      
Anti-corporate farming None 1975 1975 None 1955 
Vertical integration allowed None 1975 None None 1955 
Contract regulation 2005 1999 None None None 
      
Farm-Society Regulation      
Right to farm legislation 1981 1982 1982 1979 1982 
Moratoria None None None 1997 None 
 
Manufacturer Regulation 
Right to work legislation None 1947 None 1947 1947 

Sources: Farber 1984; Edmondson and Krause 1978; Metcalfe 2000a; Peck 2006; University of 
Vermont and the American Association for Horsemanship Safety 2003. 

animal product industries, reduced the ability of the USDA to monitor relations between 

farmers and packers because prices set in contracts were not reportable by law.  The 

timing of enactment of mandatory reporting in 1999 suggests that changes in cattle 

procurement, which transitioned toward contracts last, is the most direct precursor to this 

change, although the increase in disparities between contract and spot market prices were 

an issue within the pork industry as well (Perry et al. 2005:6-7). 

Legislation at the state level is in many cases broader in scope and stronger in 

intent.  Key issues in legislation are bans, restrictions, or report requirement on non-

farmer corporate ownership of agricultural land or farming activity; and state regulation 

or monitor of production contracts.  Corporate farming legislation generally arises to 

protect the family farm as the dominant form of production, and it was extended in some 

cases to corporate ownership of feedlots and to vertical integration within agricultural 
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Pittman 2005). 

                                                

industries (Edmondson and Krause 1978:3-4).1  Two different approaches to contract 

regulation emerged with the ascent of contract agriculture, the equalization of bargaining 

power and direct protection of farmer interests.  Recent judicial decisions sharply 

curtailed the capacity of states to act, especially with respect to corporate farm bans, an 

ironic development given that the Packers and Stockyards Act was upheld under the 

Interstate Commerce Clause in Stafford v. Wallace (1922) (O’Brien 1996). 

Corporate farming legislation dates to 1931 and 1932 with enactment in Kansas 

and North Dakota respectively (Edmondson and Krause 1978:2).2  Oklahoma, 

Minnesota, South Dakota, Wisconsin, Iowa, Missouri, and Nebraska enacted restrictions 

of varying strengths in the 1970s.  Limited reporting or restriction of vertical integration 

also exists in West Virginia (1939), Texas (1955), and Oregon (1977).  Recent efforts to 

reduce the restriction on corporate farming through the Due Process and Equal Prote

and Privileges Clauses of the 14th Amendment, and most successfully through the 

Commerce Clause of the Constitution, met with partial success (Pittman 2004; Harbur 

1999).  The inception of South Dakota amended law was found to be specifically 

discriminatory toward a particular actor by South Dakota Farm Bureau v. Hazeltine 

(2004), the first successful challenge mounted (

Corporate farming restrictions in the livestock sector generally focus on the 

ownership of feedlots, ownership of livestock prior to processing activity, and vertical 

 

1 Knoeber (1997) argues that bans prevent weakening in the political coalition constructed around farm legislation and 
cooperatives.  This logic is not directly applicable if corporate bans emerge from livestock interests but is relevant if 
bans emerge from feed grain or wheat interests.  
2 Oklahoma prohibited corporate farming as a part of its Constitution of 1907.  The Oklahoma Supreme Court ruled the 
provision unconstitutional in LeForce v. Bullard (1969) (Stayton 1991). 
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integration between processing, marketing, and input provision activities (Krause 

1983:11; Edmondson and Krause 1978).  The three case states that possess corporate 

farming legislation, Iowa, Minnesota, and Texas, operate differently.  Minnesota allows 

for corporate farms where the principal purpose is farming activity, where shareholders 

number 5 or fewer and a majority resides on the farm, where there is only one class of 

stock, and where less than 20 percent of income is off-farm and unearned (Krause 

1983:33).  Iowa is similar, but mandates 60 percent of income derived from the farm over 

the prior three years, allows a maximum of 25 shareholders, and allows contract feeding 

provided delivery is at least 20 days after contract formation (p. 33).  Texas law prohibits 

corporations from raising cattle or owning land if engaged in packing activities with the 

exception of feedlots (p. 33, 36).  

The inclusion of this measure in the study depends on measurable differences in 

restrictiveness and effectiveness.  Welsh, Carpentier, and Hubbell (2001), through 

interviews with legal expert in anti-corporate farming laws, find that Iowa and Minnesota 

fall toward the high end of restrictiveness, though Edmondson and Krause (1978) place 

North Dakota as most restrictive and Krause (1983) adds Nebraska to the top after 

legislation enacted in 1982.  Most other states are clustered at a point of limited 

restrictiveness, and Texas is so narrowly targeted as to be virtually unrestrictive.  

However, this study codes Texas as possessive of legislation for two reasons.  First, 

corporate farm legislation is one of a number of state policies, and it is expected that from 

a signal or policy priorities aspect, strong signals in favor of farmers will be manifested in 

adoption of multiple policy measures.  Second, Texas’ restrictions do not address the 
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traditional industry concern of packer ownership of feedlots, but instead address the 

preservation of small ranchers through the separation of ranches from other activities.  Its 

orientation is one geared toward the protection of small farms. 

Effectiveness is inconclusive or receives limited support at a general level, but is 

present in comparisons of states and specific commodities.  Krause (1983) find no effect 

of legislation on incorporation, though this includes family farm incorporation generally 

allowed by legislation.  Schroeter, Azzam, and Aiken (2006) find that Nebraska’s ban did 

not limit the growth in feedlot size relative to other states, though this includes family-

owned feedlots with at least 51 percent of shares exempt from the ban (p. 1002, 1013).  

Matthey and Royer (2001) find that the Nebraska hog farming industry is less adept at 

change in response to market conditions, even compared with Iowa, another state with 

corporate farming legislation.  While clear evidence of effectiveness is limited, its 

presence as an outcome of a political process to either protect a pro-farm political 

coalition or to preserve family farming as a viable organizational form warrants its 

inclusion and highlights the differences in priorities among states. 

The regulation of production contracts, first passed by Minnesota in 1990, is a 

relatively new development with little empirical assessment of effectiveness or 

restrictiveness (Peck 2006).  Early law focused on tangible protection of farmer interests 

through arbitration of disputes, reimbursement for farmer capital investment required by 

contracts, a ban of confidentiality in contract terms, and agricultural liens.  Late adopters 

instead adopted measures to equalize the bargaining positions of farmers and buyers 

through clarification of contracts, institution of cancellation terms, and performance 
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provisions (p. 3).  Seven states adopted these practices as of 2006, including three states 

in this study.  Minnesota and Iowa represent early adopters in form, while Illinois 

represents the second form.  Several states target specific industries, but all three states 

apply contract regulation to all agricultural contracts.  

5.3.2 Industry and Society: Environmental and Right to Farm Legislation 

Policy outcomes may arise from conflicts between agriculture and society over 

negative externalities associated with industry action, especially as externalities grow.  

Correlated with the growth in farm size is the growth in the potential for negative 

environmental impact due to the increase in hog density and the overapplication of waste 

across insufficient land area.  The Clean Water Act of 1972 allows for discharge provided 

a permit is obtained and specific treatment procedures are followed.  The Act only covers 

animal feeding operations that possess at least 2,500 hogs over 55 kilograms or 10,000 

pigs under 55 kilograms (Park et al. 2000).  State level environmental stringency often 

exceeds federal statutes, which may impose spatial variation on the industry (Metcalfe 

2000a; Metcalfe 2000b; Herath, Weersink, and Carpentier 2005).  Second, in extreme 

circumstances states passed or tried to pass limits to large farm expansions.  Finally, farm 

activity often engenders odor, noise, and other nuisances, which in turn have produced 

injunctions against activity.  The passage of right to farm legislation at the state level 

allows farms to operate within specified limits without nuisance lawsuits.  Animal 

welfare and food inspection are not discussed because of expected invariability of the 

severity of impact at a spatial level. 
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The length of the study period and the multiple components of environmental 

regulation force a pragmatic treatment of this issue in the study.  For example, Metcalfe’s 

(2000a, 2000b) explorations of the issue identify eleven and fourteen separate 

components to his measure in two time points respectively.  The specific items are 

available in appendix C and consist of items as varied as moratoria on expansion, 

stringency of discharge rules relative to federal legislation, the stringency of setback 

requirements, state approval of waste systems and facilities, and the presence of local 

control (Metcalfe 2000a:523-525).  In addition to the infeasibility of replication of this 

index over the study period, the index cannot clearly address whether pork-specific 

policies are aberrations from or typical examples of state behavior.  This study directly 

employs the index of environmental stringency generated by Herath, Weersink, and 

Carpentier (2005).  Discussed in detail in appendix C, this index is generated through the 

compilation of environmental stringency measures across a number of sources from 1975 

through 2000.  It is important to note that this index is not specific to the industry, but is 

instead the product of various authors’ attempts to measure environmental stringency in 

different manners and with various breadths.  In addition, the index varies with respect to 

its specificity to agriculture and the pork industry over time.  Because of this, the index is 

standardized to the national average, which provides relative stringency.  This does not 

allow for an assessment of stringency over time in an absolute sense.  Finally, beyond the 

long time frame captured by the measure, this index may better account for unobserved 

environmental policy characteristics if it is assumed that states with tighter environmental 

standards are more likely to possess restrictive policies with respect to the pork industry. 
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In a few exceptional cases, states passed moratoria on hog farm expansion or 

construction.  North Carolina’s 1997 moratorium prevented the creation or expansion of 

hog farms greater than 250 hogs in size.  In 1998, Minnesota passed a two-year ban on 

the construction of open-air waste lagoons (Laws of Minnesota 1998, chapter 401).  

However, the ban on construction or expansion of hog farms larger than 750 animal units 

(1,875 hogs) passed by the Minnesota House was removed (Minnesota Legislative 

Reference Library 2006).  In contrast to Metcalfe, this study classifies Minnesota as 

absent a moratorium, and this item is modeled separately of the environmental index. 

Given the varied and often indirect means by which environmental stringency is 

captured, it comes as no surprise that the effectiveness of environmental policy receives 

limited support.  Park et al. (2000) find a significant positive association between 

regulative stringency and livestock inventory across the contiguous United States 

between 1969 and 1997, which suggests that the formation of the industry drives the 

development of policy, or that local factors may outweigh the stringency of regulation (p. 

14).  Environmental stringency and change in stringency between 1994 and 1998 in 

Metcalfe’s (2000b) index is negatively associated with hog inventories in 1997 at the 

county level in most cases, though not for North Carolina (Roe, Irwin, and Sharp 

2002:268).  In addition, no linkage between stringency and the change in inventories at 

the county level between 1992 and 1997 is found, and a weak positive association 

between change in environmental stringency and change in inventories between these 

years is present.  Herath, Weersink, and Carpentier (2005) also find a significant and 

negative association between environmental stringency and livestock inventory for the 
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hog farming and dairy industries in the contiguous United States between 1975 and 2000.  

Finally, Metcalfe (2000a) finds that compliance costs of environmental legislation is 

significant for small farms but not for large farms.  At the federal level, compliance with 

the Clean Water Act is effectively voluntary in nature, and revisions in 2002 makes only 

minor changes (Centner 2006). 

Finally, the enactment of right to farm legislation initially followed the spread of 

population outside of cities and the consequent complaints directed toward offensive 

agricultural activities.  Kansas passed the first right to farm legislation in 1963, Utah 

passed the last in 1994, and all states enacted some measure of protection (Adelaja and 

Friedman 1999).  While not the only method by which land preservation was enacted, 

right to farm laws are significant because they generally address practices as well as land 

and because circumstances external to the farm must change in order to uphold right to 

farm legislation (Duke and Malcom 2003).  Adelaja and Friedman (1999) find a clear 

association between the size of the farm population, not the severity of nuisance itself, the 

primary driver behind right to farm policy formation.  Duke and Malcom (2003) find that 

recent decisions, coupled with the variability of these policies across states, cast right to 

farm laws as less protective than is generally perceived.   

Hamilton (1998) finds a number of problems with the structure of right to farm 

laws in some states, including the departure from intentions behind the law in subsequent 

cases, overreach of some law and consequent threats against non-farm interests, the 

greater protection afforded to large farms due to development after passage and 

nondiscrimination, and the potential for a shift in litigation into other subjects.  Little 
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empirical research into the effects of these laws is present.  While these laws may 

effectively prevent nuisance lawsuits, the specific activities of the agricultural operation 

changed over the study period and often after passage.  However, the presence of a 

concentrated industry dominated by large farms may also economically support a 

community and discourage legal action.  A hypothesized relation is consequently not 

offered in this study. 

5.3.3 State-level Labor Context 

The restructuring of the meat processing industry weakened the relative power of 

labor versus management, drove the relocation toward nonmetropolitan locales, and 

fueled demand for low skilled and high turnover labor (Kandel and Parrado 2005:452).  

The relocation of manufacturing activities is in part an effort to reduce transportation 

costs amid increasing scale of production.  Consequently, it is expected that farm and 

manufacture components of the pork industry will co-locate to a greater extent than in the 

past.  At the policy level, states vary with respect to labor conditions, specifically average 

wage rates, the presence of minimum wage rates that exceed the national mandate, the 

degree to which the workforce is unionized, and the degree to which state law privileges 

unions.  As this industry is especially reliant on labor costs and work conditions as a 

significant point of contrast across states, the inclusion of policies that affect 

manufacturers is warranted.  This study operationalizes policy for this industry 

component as the presence or absence of right to work laws, which signals a state’s 

willingness to provide incentives toward economic development amid competition for 

manufacturing jobs (Bonanno and Constance 2006).  Due to the relatively few 
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establishments, relatively high wage rates, and spatial concentration of the non-cigar 

tobacco industry, these laws are not expected to be causally significant to that industry. 

Right to work laws prohibit a shop-wide mandate of union membership or 

contribution of union dues as a condition of employment (Kalenkoski and Lacombe 

2006).  Right to work laws received official sanction after the passage of the Taft-Hartley 

Act in 1947.  First instituted in a number of states in 1947, 22 states possess these laws, 

including Iowa, North Carolina, and Texas (National Right to Work Legal Defense 

Foundation, Inc. 2008).  The origin and effects of right to work laws remain a matter of 

debate, with a high level of variability across studies in the measurement of their effect 

on unionization rates and wages as well as the degree to which they manifest effects 

independent of correlated public attitudes (Kalenkoski and Lacombe 2006:402-404).  All 

right to work laws possessed by case states were established in 1947, which reduces its 

capacity to represent a clear manifestation of the markets as politics perspective and its 

assessment in the next chapter.  Specifically, a left censoring problem exists because the 

enactment of these laws in 1947 may either represent a true development of the state’s 

political process or a development delayed due to the absence of federal sanction.  To 

address this issue and the absence of these laws in some states, the unionization rate is 

also tested as a measure of the pro-business concept 

5.3.4 Summary 

Pork industry policy is generally less specific to the industry in origin, less 

effective in outcome, and more complex in the variety of issues involved.  Many of the 

problems addressed by policies like anti-corporate farm or production contract legislation 
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cannot be specifically tied to the pork industry, and some state-level enactments are 

clearly tied to non-livestock industries.  In the case of the Clean Water Act, enactment 

was not motivated by agricultural production exclusively, though it carried limited effect 

on the industry.  The relatively limited impact of state level policies is in part a result of 

comparison with the effective federal tobacco program.  However, factors such as the 

relatively limited resources, potential competition with other states, and the diffuse and 

multiple interests involved with policy at the local level may be associated with the 

limited effectiveness of intervention.  The complexity of issues addressed by state 

legislation partly is the result of the selection of a livestock industry.  Livestock industries 

are somewhat distinct in the separation of farm activities into distinct growth phases and 

the non-storability of farm production, both of which facilitate strong coordination among 

actors.  Second, livestock industries manifest greater attention to farm labor and 

environmental conditions due to the concentration of activity within CAFOs.  Finally, the 

selection of the tobacco industry reduced state-level policy comparisons across the 

industries due to the relative ineffectiveness of state initiatives.  The inclusion of a non-

program crop may enable a more rigorous assessment of these initiatives. 

The markets as politics perspective conceptualizes policies as outcomes of 

industry evolution and market crises.  This perspective receives support in the case of the 

tobacco industry, albeit with variation in the presence of farm interests in policy.  The 

pork industry only provides weak support.  Many policies possess at least partial origin 

outside the industry, though this does not necessarily conflict with the perspective.  As 

noted above, predispositions and signals may be indicative of unobserved developments.



 

 181 

6. The Relative Contributions of the Global Commodity 
Chains and Markets as Politics Explanations to Spatial Shifts 
in Agriculture 

This study utilizes panel analysis and pooled time series analysis to assess the 

relative contributions of the theoretical perspectives to spatial shifts observed in the 

tobacco and pork industries.  Unobserved heterogeneity, serial correlation, panel 

heteroscedasticity, and contemporaneous correlation are the most serious problems that 

emerge in time series cross sectional analysis (Halaby 2004; Plümper, Troeger, and 

Manow 2005).  Panel analysis controls for unobserved heterogeneity through panel-

specific fixed effects terms when unobserved heterogeneity is assumed to be non-random 

across panels.  However, fixed effects specification eliminates the use of time invariant or 

slowly changing independent variables, as their effects are inseparable from the fixed 

term.  Pooled time series analysis, implemented as OLS regression with panel-corrected 

standard errors, corrects for panel heteroscedasticity, contemporaneous correlation, and 

allows for the incorporation of time invariant variables (Beck and Katz 1995; Beck 

2008).  However, its use assumes that observations may be appropriately pooled and a 

common trend across individuals exists.  Panel analysis employs a first-order 

autocorrelation correction to correct for serial correlation, while pooled time series 

analysis uses detrended variables except for dummy variables. 

The absence of state-specific data is the most serious problem specific to this 

study.  Variables collected at the national level are interacted with the proportion of 

national production represented by the state in most cases to produce measures that vary 

across panels in addition to over time on the basis that the magnitude of an effect for a 
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variable will grow as the size of the industry grows.  Second, the appropriateness of 

alternative measures of the concepts is especially important because of the limited 

number of statistical applications of the primary perspectives employed by the study.  

Appendix B uses correlations and alternative models to assess both alternative measures 

and state-specific alternatives to those variables produced from nation-level variables; 

high correlations indicate interchangeability.  Finally, variable sample size across 

measures and non-normality of the dependent variables impact estimates.  Where sample 

size is severely reduced, supplemental analyses are performed to compare with results 

that do not include the variable in question.  Mathematical transformations of the 

dependent variables are compared with the original measures in terms of skewness and 

kurtosis, and both issues are included in appendix B. 

The next section identifies the operationalized measures of the dependent 

variable, the primary explanations, and the controls.  Following this, a discussion of 

model specification and critical issues is provided.  Each industry is modeled separately, 

and the perspectives are modeled both separately and in combined models. 

6.1 Variable Specification, Measurement, and Alternatives 

Data were collected for six states for the tobacco industry and five states for the 

pork industry.  The unit of analysis is the state-year, and a maximum of 282 and 235 

cases for the tobacco and pork industries exist respectively.  The panel is unbalanced due 

to incidental truncation for some independent variables, which generally does not lead to 

inconsistent estimates in fixed effects models (Wooldridge 2002:578-580).  However, 

measures of the manufacture component, particularly for the tobacco industry, are not 
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randomly missing.  The highly concentrated nature of tobacco manufacture in the United 

States and the consequent non-disclosure of data produces variation that may be 

correlated with the error term (Wooldridge 2009:498).  Where this problem is severe, 

alternative measures are used.  Linear interpolation was used limitedly where missing 

data was short in duration and not widespread across states.  However, several potential 

measures were not modeled due to gaps in coverage.  Finally, a number of variables were 

only available for Census years.  When these variables are modeled, the maximum 

number of cases falls to 60 and 50 for the tobacco and pork industries respectively. 

6.1.1 Spatial Shifts in Agricultural Production 

Spatial shifts in agricultural production are industry-specific and are manifested as 

changes in production and structure.  Agricultural production is measured both by raw, 

state-level production and by the proportion of national production produced by each 

state (Charleston 2004; Roe, Irwin, and Sharp 2002).  The former allows for the 

incorporation of industry growth or decline, while the latter more clearly captures relative 

change compared with other states.  The type-specific nature of tobacco usage and price 

support policy necessitates the delineation of tobacco production by type. 

The spatial freeze of production changes for the tobacco industry may redirect 

economic adjustment toward structural change.  Farm structure is conceptualized as the 

presence of commercial and family farm production and measured as the proportions of 

state farms that are large and small  respectively (Brasier 2005).  Small hog farms are 

defined as those that sell fewer than 100 hogs, while large hog farms are defined as those 

that sell more than 1,000 hogs.  Small tobacco farms are defined as those that farm less 
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than 2 acres of tobacco quota, while large tobacco farms are defined as those that farm 

more than 10 acres.  Exploratory assessment by correlation of alternative definitions for 

hog farms based on inventory, marketings, and cash receipts are presented in appendix B.  

Alternatives for tobacco farms include variable acreage thresholds and the use of tobacco 

acreage rather than farm size.  Correlations are generally above .9. 

To address non-normality in the dependent variables, mathematical 

transformations of the dependent variables are assessed in tables B.3 and B.4 of appendix 

B for farm production and structure respectively.  Both the natural log and square root 

transformations are an improvement over the original measures for all farm structure 

variables, and in many cases, a significant difference between the transformed variable 

and the normal distribution is not present.  Natural log transformation was also an 

improvement for average farm size in both industries, production for tobacco, but not for 

production in the pork industry.  This study uses natural log transformation for tobacco 

production and average farm size for both industries.  Square root transformation is used 

for all other farm structure measures, and no transformation is used for pork production. 

6.1.2 Control and Economic Variables 

Economic and control variables represent economic factors that are specific to 

particular locations, are not directly conceptualized by the main perspectives, and are 

broadly employed by studies within agricultural economics. Wage rates for farm labor 

and industry-specific manufacture represent the price of labor, and an inverse relationship 

to farm production and the presence of large farms is expected.  Of particular importance 

to the pork industry is the price of land, captured by farm real estate value per acre and 
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state taxes per hundred acres.  In both cases, an inverse relationship similar to that of 

wage rates is expected.  The average hog litter size captures technological development, 

heightened capital intensity, and decline in pig mortality.  This variable is assumed to 

carry an independent and positive effect on production, despite the likelihood that 

technological development and capital intensity are associated with both the development 

of large farms and higher levels of production. 

The geographic shift from the Corn Belt is partly due to declines in the cost of 

transportation and the proportion of farming costs represented by feed (Roe, Irwin, and 

Sharp 2002:261).  As noted in chapter 3, the separation of the land requirements for feed 

production from hog production is associated with the development of large and 

specialized farms, the increased ability to procure feed off-site, and the relative 

diminution of feed costs to hog production.  The ratio of hog to corn prices as measured 

by state-level sales is typically used to capture returns to hog production over time 

(Herath, Weersink, and Carpentier 2005).  While assessed in appendix B, this measure is 

not used in this chapter because it relies on the state-level market price of corn sold by 

corn farmers, not the price paid by hog producers.  Instead, the prices ratio of hogs to hog 

feed containing 14%-18% protein purchased by producers is used.  This measure captures 

the prices paid by farmers but relies upon a feed form that likely varies in usage across 

space and time.  The correlation of these two measures is .567 for 230 observations. 

Many of the economic and control variables applicable to the pork industry are 

not substantively related to the tobacco industry, are not consistently available at the state 

level, or are highly conflated with measures of the markets as politics perspective.  
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Technological developments like those that led to the sharp reduction in the quantity of 

tobacco used per cigarette, the introduction of reconstituted tobacco, the creation of the 

mechanical harvester in 1969, and tobacco yields are generally not available at the state 

level.  Further, the latter two are closely related to policy developments.  Yields initially 

rose because quotas were based on farmed acreage and not on marketed tobacco; the 

mechanical harvester possessed a break-even capacity of 40 acres (Berardi 1981:48) and 

required the prior development of large farms through quota lease.  Land value, property 

taxes, farm wage rates, tobacco price, and tobacco yield are included as controls.  While 

these variables, especially farm wage rates (Bradford 1970), likely vary across states and 

are important to industry operation, they are not expected to be substantial in effect 

relative to the price support system because of the profitability of tobacco production.  

Finally, because tobacco and cigarette production is highly concentrated, availability of 

manufacturer data is more limited than for the pork industry.  Tobacco and cigarette 

manufacture wages are assessed in appendix B but are not included in these models.  

6.1.3 The Global Commodity Chains Perspective 

The most crucial components of the global commodity chains perspective are the 

spatial distribution of industry activities, the power relations present among industry 

actors in specific productive roles, the organization and characteristics of industry 

activities, and the effects of market changes brought by globalization on industry actors 

and organization.  Size and specialization are used to capture the characteristics of 

agricultural activities.  As noted in chapter 3, large hog farms are more likely to 

specialize in one phase of hog farming and to be efficient compared with small farms. 
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Specialized roles do not exist for tobacco production, but large farms are generally more 

efficient, more likely to produce flue-cured tobacco, and more likely to use mechanized 

harvest and bulk-curing, as noted in chapter 4.  If farm size captures the characteristics of 

agriculture across the two industries in a similar fashion, states with a relatively high 

proportion of large farms are expected to possess disproportionate shares of national 

production.  Second and specific to the pork industry, appendix B presents supplemental 

analyses that use the proportions of state farms that possess breeding hogs and fed pigs to 

assess whether size and specialization overlap.  Finally, the ratio of inshipments of pigs 

from other states and not immediately slaughtered to pigs farrowed in the state captures 

state specialization in hog feeding.  Specialization measures are expected to be positively 

related to production and the presence of large farms.  However, states that specialize in 

the production of feeder pigs are expected to be negatively related to production because 

feeder pigs are relatively small compared with hogs at or near slaughter weight. 

An expected direction in the relation between agriculture and the presence of a 

substantial manufactures component or manufactures component composed of large 

firms is not offered.  On one hand, lower transportation and sourcing costs, 

agglomeration effects, and higher levels of information exchange and coordination may 

promote the development of large producers and more producers generally (Row, Irwin, 

and Sharp 2002; Warren 2006:6; see also Gereffi, Humphrey, and Sturgeon 2005 for a 

discussion of the role of coordination in the operation of industries).  In fact causality 

may operate in the other direction; processors may locate near large or specialized farms 

for the same reasons.  On the other hand, increased coordination and consolidation may 
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negatively impact farmers through the reduction of product outlets available to farmers 

and the increased reliance on large producers over time, as seen in the poultry industry 

(MacDonald 2008:2-4).  Of importance is how agricultural production changes after 

manufacturers enter a state or region (Gereffi, Humphrey, and Sturgeon 2005). 

Manufacturer employment is used to capture the presence of the manufactures 

component of the industry because it is generally highly correlated with alternate 

measures and it possesses high sample size.  Establishments and large establishments are 

also used, when available, for the farm structure models as farm structure and these 

additional measures are only available for Census years.  For the pork industry, a 

continuous measure of pork establishments that fall under USDA inspection and the 

proportion of national slaughter possessed by the state are used as alternatives. 

For the farm structure models, establishments and establishments with more than 

20 employees are also used when available, as like farm structure, these measures are 

only available in Census years.  For the pork industry, a continuous measure of pork 

establishments that fall under USDA inspection and the proportion of national slaughter 

are also employed as alternatives. 

The magnitude and the balance of trade are expected to carry separate effects on 

these industries and represent distinct but related concepts (Brady and Denniston 2006).  

Total trade, the sum of imports and exports, represents the magnitude of trade, while net 

trade reflects the competitiveness of a product.  Measures of trade for both agricultural 

and final products are modeled.  All national trade data is denominated as a proportion of 

national production at the product level, and these proportions are based on quantity with 
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the exception of live hogs, which is based on value due to inconsistent quantity measures 

over time.  The use of a quantity basis more accurately captures the displacement of 

domestic production and the competitiveness of products.  As noted above, these 

proportions are interacted with the proportion of national production at the state level to 

produce state-specific trade measures.  One exception to this treatment, type-specific 

tobacco, is necessary due to data limitations.  Type-specific tobacco imports are not 

consistently available before 1989, so type-specific total and net trade figures cannot be 

produced.  As noted in chapter 4, trade patterns and domestic usage vary across tobacco 

types, which reduces the ability of the aggregated tobacco trade measures to 

meaningfully represent any of the types.  To incorporate type-specific export data, a third 

variable was produced.  This variable is the interaction of type-specific exports as a 

proportion of type-specific national production and each state’s proportion of national 

production.  Appendix B assesses the difference when this variable is excluded. 

Competitiveness in global markets carries effects for both agricultural producers 

and processors, and these effects may conflict.  For example, processors faced with cost 

pressure may choose to source raw materials from abroad when advantageous, and 

thereby place pressure on domestic producers.  In this case, net trade for intermediate 

products would decline, while trade openness may either increase or decrease.  For this 

reason, trade measures for both intermediate and final products are included at the model 

level.  In general, both measures are expected to be positively associated with production 

and the number of large operations.  The interpretation of net trade is clear; as net trade 

rises, domestic producers benefit from the presence of more markets and lower levels of 
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trade displacement.  The interpretation of total trade exists in relation to net trade.  All 

else being equal, as total trade rises, the magnitude of trade’s effects on domestic industry 

will rise.  It should be noted that part of the observed effects for these variables will be a 

function of the prominence of the state to the industry, as they were interacted with state-

level proportion of national production. 

6.1.4 The Markets as Politics Perspective 

The markets as politics perspective encompasses both explicit policies that impact 

or emerge from the industries and propensities for action based upon the economic 

structure and characteristics of the underlying political unit.  Policy may be either the 

cause or the result of industry change; industry actors may appeal to the state and create 

policy, and policies affect industry development after enactment.  Policy may also arise 

from outside the industry or may form in proximate or related industries (Fligstein 1996, 

2001).  While less concrete than policy enactment, propensities for action essentially 

capture the likelihood for favorable or unfavorable policy that is not observed by the 

study, such as state appropriations or developments in other agricultural industries, and 

provide a context in which to situate policy developments.  As transformative policy is 

the result of exogenous shock caused by shifts in demand, invasion from extra-industry 

actors, or spillover effects from government action in other spheres (Fligstein 1996:669), 

policy developments must be specific to particular societal and agricultural contexts. 

Concrete policies vary across industries, but measures of underlying economic 

characteristics are similar.  For the latter, the proportion of state GDP composed of 

agriculture and the proportion of agricultural value composed of the particular crop 
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represent the importance of agriculture and the industry to each state.  The proportion of 

agricultural land composed of pastureland and agricultural value composed of livestock 

are used to represent the role of proximate agricultural at the state level for the pork 

industry, while cropland and crops are used for the tobacco industry. 

Concrete policies for the pork industry include restrictions on corporate farming, 

including vertical integration between livestock feeding and meatpacking, the presence of 

any contract regulation, enactment of right to farm legislation, environmental stringency, 

moratoria on large hog farm construction or expansion, and enactment of right to work 

legislation.  Right to farm legislation and right to work legislation are expected to be 

positively associated with production and with the development of large and specialized 

farms, while the other measures are expected to be negatively associated.  Herath, 

Weersink, and Carpentier (2005) note an endogeneity problem between environmental 

stringency and production such that higher levels of production may lead to more 

legislation, rather than legislation leading to changes in production.  In fact, the markets 

as politics perspective anticipates such a causal relationship.  In the tobacco industry, all 

salient policy rests at the federal level and includes the lease and transfer program, intra-

county lease, the price support and quota system, and the allowance of baled tobacco 

sales.  The use of policies for this industry assumes that the federal program is responsive 

to the concerns of industry actors, demonstrated in chapter 5. 

6.2 Model Specification 

The advantage to fixed effects panel analysis is the elimination of the problem of 

unobserved variables that may vary across individuals but are fixed over time (Halaby 
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2004; Hsiao 2003).  This allows for estimate of causality shared across all panels and 

some control of panel-specific variation.  The formulation is provided by Halaby (2004). 

 

In this formulation, wkit represents all unobserved time and individual variant variables, 

zip represents all time invariant and individual variant variables, xit represents the causal 

variables of interest, all of which are time and individual variant, and the individual 

invariant time variant period effect variables are removed.  Additionally, εit is mean zero 

and distributed independent of the explanatory variables, and θi represents the fixed 

effects.  However, this form does not allow for the incorporation of variables of causal 

interest that do not vary over time, as they are incorporated into the fixed effects term. 

Pooled OLS regression does not control for unobserved heterogeneity, but it does 

allow for the inclusion of time invariant variables that would otherwise be incorporated 

into the fixed term, as shown by its form (Beck and Katz 1995).   

β
 

Contemporaneous correlation and panel heteroscedasticity are corrected for in the error 

structure.  The primary tradeoff is the potential for inconsistency due to correlation 

between the independent variables and unobserved, panel-specific variation.  To 

Variables are demeaned for fixed effects models and detrended for OLS models by using 

first differences to stationarize the  data, although problems associated with non-
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stationarity are not expected with serial correlation correction (Beck 2008: 4-5).  Dummy 

variables are not detrended. 

Problems for model estimation are panel heteroscedasticity, contemporaneous 

correlation, and serial correlation (Beck 2001).  Serial correlation is corrected in both 

models by using the first order autoregressive correction and an assessment of serial 

correlation in the control models with the “xtserial” command is presented in appendix B 

(Drukker 2003).  While the OLS models correct heteroscedasticity and contemporaneous 

correlation, fixed effects models do not.  Tests for these problems are only available for 

the fixed effects models when the autocorrelation correction is not employed and when 

the model is clustered by panel (“xtreg” command). 1  The “xttest2” command tests for 

contemporaneous correlation, while “xttest3” tests for heteroscedasticity (Baum 2001). 

Additional postestimation procedures include an assessment of residual 

distribution using the Shapiro-Francia test for normality (“sfrancia”) and Hausman tests 

for fixed effects preference over random effects on the control models (Halaby 2004; 

Hsiao 2003:317).  Multicollinearity and omitted variable bias could not be formally 

assessed for either model form.  Finally, model comparisons use adjusted R2 values for 

OLS models and Bayesian Information Criterion (BIC) statistics for fixed effects models 

(Raftery 1995).  The BIC statistic is sensitive to the number of explanatory variables 

employed in the analysis, thereby rewarding additional variables only when additional 

explanatory power is added by their inclusion (p. 133).  Larger negative values indicate 
 

1 Stata Corporation (2007: 402) and an email posted to the Stata listserver (Schaffer 2006)  both state that the cluster by 
panel option should compensate for serial correlation and cross-panel heteroscedasticity, though model estimates differ 
substantially from those that use the “xtregar” command.  The author assumes that both problems are likely to be 
present in most models.  The “xtregar” method is used for all analyses in this chapter. 
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better model fit, and differences between models of at least 6 indicate strong support for 

model preference (p. 139).  However, BIC values cannot be compared if sample sizes 

differ, which reduces their utility in this analysis.  A list of the variables, definitions, data 

sources, and availabilities is provided in chapter 2.  Table 6.1 presents descriptive 

statistics for all variables and for the type-specific dependent variables for the tobacco 

industry.  Descriptive statistics will change for some variables when specific tobacco 

types or Census-specific dependent variables are used, and descriptive statistics for these 

narrower sample sizes are available on request. 

6.3 Pork Industry 

 Each theoretical explanation is modeled and discussed in the subsections below, 

with a subset of economic and control variables included in all subsequent models.  The 

final section includes variables from all models to facilitate comparison of the relative 

importance of each perspective to the dependent variables in the two industries.  All 

tables present standardized coefficients and z scores, model fit statistics, estimated 

autocorrelation correction (rho), and residual normality statistics for both model forms. 

6.3.1 Economic and Control Variable Models 

Several variables achieve significance in some of the models, and consistency 

across models and model forms is present.  Models 1 through 6 in table 6.2 present fixed 

effects models, while models 7 through 12 are OLS-PCSE models.  Farm wages, the hog 

to feed ratio, and hog price are the most frequently significant variables.  Hog prices are 

consistent with expectations, but farm wages and feed costs run counter to expectations.  

Hog litter size is also marginally significant in model 2 and for all OLS models. 
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Table 6.1: Selected Descriptive Statistics for Model Variables2 

 Pork Industry Tobacco Industry 
Variable N Mean SD N Mean SD 
Dependent Variables       
Production 240 2251.628 1869.390 287 432.377 228.976
  Flue cured - - - 144 474.917 238.649
  Burley - - - 192 294.977 197.935
  Maryland - - - 53 131.046 56.817
  Other non-cigar - - - 144 130.225 47.107
Production, prop. US 240 .102 .083 287 .146 .136
  Flue cured - - - 144 .291 .263
  Burley - - - 192 .232 .268
  Maryland - - - 53 .727 .312
  Other non-cigar - - - 144 .195 .127
Operations, total 50 157.17 79.293 60 147.523 89.912
Operations, small 50 106.15 59.162 60 95.255 75.031
Operations, large 40 37.87 23.261 60 48.466 30.270
Operations, average size 50 5.823 1.396 60 1.777 .917
       
Economic and Control Variables      
Farm wages 240 3.886 2.575 288 3.650 2.483
Industry Wages 240 16557.4 8415.22 127 18065.1 18845.0 
Average litter 240 7.709 .692 - - - 
Hog/corn ratio 235 17.825 4.137 - - - 
Hog/feed ratio 230 4.243 .787 - - - 
Land value 240 932.128 723.830 288 1142.831 997.185
State property taxes 240 .806 .359 288 .462 .125
Harvester  - - - 288 .771 .421
Cigarette manufacture - - - 288 .500 .501
Ag. product price 240 35.694 12.771 288 1.310 .519
Tobacco yield (all types) - - - 288 1899.33 371.259
   
Global Commodity Chains Variables     
Operations, small, prop. US 50 .050 .016 60 .360 .231
  Prop.  state minus U.S 50 -.018 .242 60 -.095 .221
Operations, large, prop. US 40 .098 .094 60 .209 .173
  Prop.  state minus U.S 40 -.006 .189 60 .097 .164
Prop. ops., breeding 45 .660 .173 - - - 
  Prop.  state minus U.S 45 .014 .126 - - - 
Prop. ops., feeding 40 .244 .071 - - - 
  Prop.  state minus U.S 40 .009 .074 - - - 

                                                 

2 Table notes: average farm size is represented by the natural log; tobacco production and operations measures are 
represented by the square root.  Trade variables are interaction terms composed of the trade measure and the proportion 
of national production represented by the state.  The interaction terms are specific to tobacco types for tobacco exports. 
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Table 6.1 continued Pork Industry Tobacco Industry 
Variable N Mean SD N Mean SD 
Global Commodity Chains Variables     
Ratio, inshipment / pig crop 239 .085 .172 - - - 
Prop. U.S. industry emp. 240 .060 .031 163 1.782 .004
Prop. U.S. slaughter, weight 325 .094 .089 - - - 
Hogs, exports + imports 234 .122 .217 - - - 
Hogs, net 234 -.103 .190 - - - 
Pork, exports + imports 234 .497 .549 - - - 
Pork, net 234 -.036 .233 - - - 
Cigarette tobacco, EX + IM - - - 282 6.854 7.174
Cigarette tobacco, net - - - 282 1.152 2.487
Flue, EX - - - 282 .112 .184
Burley, EX - - - 282 .033 .062
Cigarettes, EX + IM - - - 282 2.200 2.938
Cigarettes, net - - - 282 2.009 2.622
Other tobacco prod., EX + IM - - - 282 5.686 8.970
Other tobacco prod., net - - - 282 1.341 7.532
       
Markets as Politics Variables       
Agriculture / GDP 215 .091 .086 258 .034 .021
Product / agriculture value 215 .017 .025 258 .007 .009
Crop or pasture / ag. land 50 .303 .260 60 .352 .113
Cropland / pastureland 50 3.333 2.590 60 1.303 .962
Corporate ban 240 .463 .500 - - - 
Any contract regulation 240 .100 .301 - - - 
Vertical integration allowed 240 .325 .469 - - - 
Right to farm  240 .517 .501 - - - 
Right to work  240 .454 .499 - - - 
Unionization rate 210 16.790 9.238 - - - 
Environmental index 240 1.033 .382 - - - 
Moratoria  240 .038 .190 - - - 
% tobacco, price support - - - 288 .842 .363
Quota lease, transfer, flue - - - 144 .500 .502
Quota lease, transfer, burley - - - 192 .708 .456
Marketing quota, flue - - - 144 .833 .374
Marketing quota, burley - - - 192 .708 .456
Cross-county leasing, burley - - - 192 .063 .243
Tobacco baling, flue - - - 144 .167 .374
Tobacco baling, burley - - - 192 .563 .497

 

Farm wages dominate other significant effects in magnitude for fixed effects 

models, while hog price is dominant among OLS models.  A one standard deviation 

increase in farm wages corresponds to a .15 standard deviation increase in hog production 
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in model 1, compared with a .04 standard deviation decrease for a one standard deviation 

increase in the hog to feed ratio.  Land values, property taxes, and industry wages are 

never significant.  The addition of hog price not only eliminates the significant of feed 

costs, it produces the preferred model as indicated by a comparison of BIC scores. 

 The positive BIC values generally indicate overparameterization because the 

statistic is the difference between the BIC scores for the null model and the estimated 

model, where negative values indicate preference for the estimated model (Raftery 

1995:139, 134).  Subsequent efforts to produce a negative BIC score through the use of 

single independent variables failed and are not presented. 

Table 6.2: Hog Production, Economic and Control Models 

 Dependent Variable - Production D.V. – Proportion U.S. 
Variable Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE-AR1       
Farm wages .150*** 

(2.80) 
 .142** 

(2.47) 
.137** 

(2.57) 
.009 

(.22) 
.006 

(.13) 
Land value .007 

(.50) 
.006 

(.41) 
.006 

(.42) 
.002 

(.15) 
.005 

(-.46) 
-.006 

(-.55) 
Property 
taxes 

.005 
(.17) 

.009 
(.34) 

.006 
(.23) 

-.015 
(-.54) 

-.031 
(-1.61) 

-.035 
(-1.73) 

Hog litter .036 
(1.32) 

.045* 
(1.72) 

.034 
(1.31) 

.036 
(1.39) 

.036* 
(1.90) 

.036 
(1.90) 

Industry 
wages 

 .093 
(1.33) 

.027 
(.36) 

   

Hog/feed 
ratio 

-.044*** 
(-6.57) 

-.044*** 
(-6.56) 

-.044*** 
(-6.57) 

-.018 
(-1.51) 

.002 
(.48) 

.007 
(.82) 

Hog price    -.056** 
(-2.57) 

 -.011 
(-.67) 

Constant 1744.4*** 
(61.54) 

1789.4*** 
(56.01) 

1614.7*** 
(50.81) 

2075.7*** 
(74.64) 

.09*** 
(118.0) 

.09*** 
(121.4) 

N 225 225 225 225 225 225 
Within R2 .207 .185 .208 .231 .026 .028 
Between R2 .422 .311 .418 .100 .276 .301 
Overall R2 .073 .088 .077 .046 .027 .064 
BIC 2984.05 2990.09 2989.24 2982.31 -1668.99 -1664.08 
Est. rho .960 .961 .961 .962 .975 .923 
Resid. norm.  (3.91)***  (4.42)***  (3.92)***  (3.79)***  (4.27)***  (4.29)***
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Table 6.2 continued 
 Dependent Variable - Production D.V. – Proportion U.S. 
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
OLS-PCSE       
Farm wages .106* 

(1.66) 
 .107* 

(1.66) 
.080 

(1.30) 
-.011 

(-.17) 
-.018 

(-.29) 
Land value -.003 

(-.07) 
-.005 

(-.11) 
-.001 

(-.02) 
-.029 

(-.59) 
-.044 

(-.76) 
-.051 

(-.82) 
Property 
taxes 

.010 
(.13) 

.010 
(.12) 

.008 
(.10) 

-.030 
(-.38) 

-.098 
(-1.31) 

-.110 
(-1.43) 

Hog litter .079* 
(1.76) 

.082* 
(1.82) 

.078* 
(1.74) 

.081* 
(1.81) 

.109** 
(2.54) 

.110** 
(2.54) 

Industry 
wages 

 
 

-.008 
(-.14) 

-.018 
(-.30) 

   

Hog/feed 
ratio 

-.413*** 
(-6.58) 

-.410*** 
(-6.44) 

-.412*** 
(-6.55) 

-.154 
(-1.37) 

.029 
(.63) 

.099 
(1.10) 

Hog price  
 

  -.305*** 
(-2.68) 

 -.082 
(-.93) 

Constant 17.88 
(.94) 

33.96* 
(1.73) 

20.55 
(.99) 

33.68 
(1.46) 

.0005 
(1.06) 

.0005 
(1.23) 

N 225 225 225 225 225 225 
Adj. R2 .194 .181 .193 .222 -.0004 -.003 
Est. rho .229 .231 .229 .223 .238 .228 
Res. norm.  (5.82)***  (5.82)***  (5.82)***  (5.81)***  (6.19)***  (6.19)*** 

* < .1, ** < .05, *** < .01 

To address whether the dependent variable was the cause for the positive BIC 

values, the proportion of national production was used as the dependent variable for 

models 5, 6, 11, and 12.  Models 5 and 6 produced negative BIC values, although only 

model 5 possessed one variable that was even marginally significant and R2 values were 

lower than for the prior models.  The absence of significance suggests that covariation 

between the dependent and independent variables is the product of the growth of hog 

production generally and not change in the share of the industry that accrues to each state.  

This difference will be explored with application of the main perspectives. 

Estimates from the OLS models are broadly consistent with the FE-AR1 models, 

although magnitudes are not comparable because OLS variables are first differenced. 
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The hog to feed ratio, when significant, is of greatest magnitude except when hog price is 

added, roughly -.4 compared standard deviations.  When marginally significant, farm 

wages approach .1 standard deviations in magnitude.  When the proportion of national 

production is used as the dependent variable, hog litter size is consistently positive. 

Many of the significant measures run counter to expectations, and relatively few 

control variables achieve significance in either model form.  Adjusted R2 values identify 

model 10 as the best fit given the number of parameters estimated, and R2 values are 

much smaller when the proportion of national production is the dependent variable.  

Finally, the high estimated rho figures point to the presence of autocorrelation, even in 

the case of OLS models with an autocorrelation correction.  Residuals are not identically 

and independently distributed in these models, which may result from non-normality in 

the dependent variable and omitted variables.  Residual non-normality leads to biased and 

inefficient estimators and may be corrected with the inclusion of additional variables 

(Gujarati 1995:103-104).   

Table 6.3 presents the control models for farm structure measures to assess 

whether the effects of the independent variables vary across different classes of farms.  

The fixed effects models show a negative association between farm wages and the 

number of all farms, small farms, and large farms, but not average farm size.  A standard 

deviation increase in farm wages is associated with a -.4 standard deviation change in the 

total number of farms, and the magnitude of this association is smallest for small farms.  

Hog litter is negatively associated with small farms and positively associated with the 

average size of farms.  The hog to feed ratio is positively associated with all farms and



 

 

200 

Table 6.3: Hog Farm Structure, Economic and Control Models 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dependent variable All farms Small 

farms 
Large 
farms 

Average 
size 

All farms Small 
farms 

Large 
farms 

Average 
size 

Farm wages -.411*** 
(-4.60) 

-.296*** 
(-3.05) 

-.402** 
(-2.13) 

.295 
(1.66) 

-.229 
(-1.49) 

.144 
(.85) 

-.710*** 
(-3.89) 

.083 
(.47) 

Land value .109 
(1.55) 

-.005 
(-.06) 

.104 
(.67) 

.126 
(.96) 

.253 
(1.20) 

.144 
(.81) 

.417 
(1.27) 

.177 
(.71) 

Property taxes -.003 
(-.06) 

-.006 
(-.09) 

.005 
(.04) 

.075 
(.71) 

.044 
(.17) 

.175 
(1.06) 

.444 
(1.15) 

.206 
(.66) 

Hog litter -.005 
(-.10) 

-.163** 
(-2.42) 

.005 
(.05) 

.185** 
(2.23) 

.127 
(1.00) 

-.034 
(-.26) 

-.403** 
(-2.32) 

.276* 
(1.65) 

Hog / feed ratio .090*** 
(2.82) 

.039 
(.85) 

-.002 
(-.35) 

-.067 
(-1.25) 

.255 
(1.47) 

-.265 
(-1.09) 

-.024 
(-.15) 

-.279 
(-1.31) 

Hog price -.148*** 
(-3.28) 

-.138** 
(-2.35) 

.042 
(.52) 

.066 
(.83) 

-.449*** 
(-2.82) 

.056 
(.24) 

.056 
(.40) 

.281 
(1.51) 

Constant 169.43*** 
(11.94) 

236.05*** 
(7.66) 

81.77*** 
(14.52) 

2.74*** 
(10.64) 

-14.67*** 
(-3.31) 

-21.88*** 
(-3.41) 

10.24*** 
(8.43) 

.29*** 
(2.64) 

N 40 40 35 40 40 40 30 40 
Within R2 .784 .894 .330 .602     
Between R2 .042 .194 .004 .717     

Over./adj. R2 .430 .828 .031 .759 .217 .070 .374 -.019 
BIC 302.79 302.23 220.51 26.62     
Est. rho .637 .227 .821 .807 .172 -.051 .065 .377 
Residual normality (1.38)*** (-.02) (3.33)*** (3.64)*** (.97) (1.19) (1.54)* (1.50)* 

* < .1, ** < .05, *** < .01



 

 201 

hog price is negatively associated with all farms and with small farms.  However, the 

magnitude of the farm wage effect is largest among all variables.  The BIC scores show a 

substantially improved model fit for average farm size over all farms and small farms. 

The OLS models are broadly consistent with the fixed effects models in terms of 

significant variables for any dependent variable, but OLS models display fewer 

significant effects across dependent variables.  Farm wages are only significant for large 

farms, hog litters are significant for large farms and average farm size, and the hog price 

is significant for all farms.  The hog to feed ratio is not significant.  These results suggest 

that large farms are different from the other dependent variable categories, though results 

are not always in line with expectations.  Additionally, sample sizes are lower for farm 

structure models because all dependent variables only exist for Census years.  Second, 

the OLS models possess normally distributed residuals.  This may be related to the 

transformations employed, as they often achieve normality in the dependent variable. 

6.3.2 Global Value Chains and Control Models 

The global commodity chain approach is captured through measures of trade, 

farm specialization, the relative presence of small and large farms, and the presence of 

manufacturing activities.  Net trade, a high proportion of large farms, a high level of 

inshipments, and the presence of manufacturers in the state are expected to be positively 

associated with production, while a high proportion of small farms is expected to be 

negatively associated.  Second, net trade is expected to be positively associated with all 

farm structure measures, the proportion of large farms and the presence of manufacturers 

is expected to be positively associated with large farms and average farm size, and the  
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Table 6.4: Raw Hog Production, Economic and Global Commodity Chains 
Variables 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE-AR1       
Farm wages .108** 

(2.13) 
.122** 

(2.47) 
.098** 

(2.20) 
.111** 

(2.48) 
-.242 

(-1.53) 
-.399** 

(-2.81) 
Land value -.001 

(-.07) 
-4.6E-5 
(-.00) 

-.005 
(-.45) 

-.005 
(-.40) 

-.112 
(1.04) 

-.132 
(-1.41) 

Property taxes -.0002 
(-.01) 

.0008 
(.03) 

-.009 
(-.37) 

-.008 
(-.35) 

.043 
(.48) 

.066 
(.86) 

Hog litter .017 
(.67) 

.016 
(.65) 

.020 
(.86) 

.018 
(.80) 

.010 
(.16) 

.041 
(.76) 

Hog / feed ratio -.014 
(-1.16) 

-.015 
(-1.29) 

-.014 
(-1.36) 

-.015 
(-1.43) 

-.155** 
(-2.41) 

-.171*** 
(-3.31) 

Hog price -.074*** 
(-3.34) 

-.067*** 
(-3.07) 

-.066*** 
(-3.38) 

-.002*** 
(-3.23) 

.078 
(1.23) 

.081 
(1.48) 

Trade - hog value 
total 

.085 
(.94) 

.087 
(.98) 

.029 
(.36) 

.036 
(.45) 

.273 
(.65) 

.841** 
(2.24) 

Trade - hog value 
net 

.057 
(.66) 

.064 
(.74) 

.015 
(.19) 

.020 
(.26) 

.991** 
(2.39) 

1.110*** 
(3.21) 

Trade - pork 
quantity total 

.148*** 
(2.75) 

.128** 
(2.50) 

.130*** 
(2.79) 

.130*** 
(2.70) 

1.236*** 
(6.24) 

.621** 
(2.59) 

Trade - pork 
quantity net 

.045*** 
(2.66) 

.041** 
(2.48) 

.038** 
(.55) 

.037** 
(2.44) 

.285*** 
(5.97) 

.158** 
(2.76) 

Pig crop / 
inshipments 

-.036 
(-1.03) 

  -.002 
(-.06) 

  

Small farms, state 
prop minus U.S. 

  
 

  -.171* 
(-1.96) 

-.185** 
(-2.71) 

Large farms, state 
prop minus U.S 

  
 

  .032 
(.71) 

.062 
(1.57) 

State proportion, 
U.S. ind. employ. 

 
 

.107*** 
(2.85) 

 .071** 
(2.05) 

  

Proportion U.S. 
slaughter, state 

  .483*** 
(7.39) 

.464*** 
(6.99) 

 .500*** 
(3.00) 

Constant 2012.6*** 
(59.55) 

1547.3*** 
(42.15) 

914.75*** 
(29.43) 

677.7*** 
(19.21) 

2837.3*** 
(5.70) 

2584.2*** 
(6.07) 

N 224 224 224 224 34 34 
Within R2 .327 .353 .464 .481 .900 .921 
Between R2 .965 .818 .982 .961 .994 .988 
Overall R2 .406 .521 .907 .904 .968 .946 
BIC 2973.43 2966.60 2922.30 2929.41 487.56 478.56 
Est. rho .945 .940 .946 .937 .551 .639 
Residual 
normality 

(1.26) (2.39)*** (3.73)*** (2.81)*** (-.27) (2.05)** 
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Table 6.4 continued 
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
OLS-PCSE 
Farm wages .098 

(1.62) 
.110* 

(1.83) 
.108** 

(2.00) 
.122** 

(2.28) 
-.340** 

(-2.47) 
-.417*** 
(-3.21) 

Land value -.022 
(-.44) 

-.017 
(-.34) 

-.029 
(-.69) 

-.027 
(-.61) 

-.355* 
(-1.92) 

-.340** 
(-2.23) 

Property taxes -.001 
(-.02) 

.0007 
(.01) 

-.023 
(-.32) 

-.021 
(-.29) 

-.105 
(-.64) 

-.012 
(-.07) 

Hog litter .059 
(1.33) 

.052 
(1.17) 

.062 
(1.50) 

.058 
(1.41) 

-.166 
(-1.61) 

-.160** 
(1.97) 

Hog / feed ratio -.121 
(-1.04) 

-.129 
(-1.10) 

-.135 
(-1.28) 

-.141 
(-1.32) 

-.142 
(-.72) 

-.162 
(-.96) 

Hog price -.363*** 
(-2.99) 

-.338*** 
(-2.78) 

-.327*** 
(-3.03) 

-.312*** 
(-2.84) 

.374*** 
(3.01) 

.289** 
(2.36) 

Trade - hog value 
total 

.171 
(.62) 

.177 
(.65) 

.058 
(.24) 

.072 
(.30) 

1.167* 
(1.85) 

1.700*** 
(2.96) 

Trade - hog value 
net 

.119 
(.43) 

.132 
(.48) 

.028 
(.12) 

.039 
(.16) 

3.148*** 
(5.67) 

2.976*** 
(7.27) 

Trade - pork 
quantity total 

.149 
(1.38) 

.130 
(1.24) 

.141 
(1.59) 

.139 
(1.53) 

2.252*** 
(7.77) 

1.548*** 
(3.22) 

Trade - pork 
quantity net 

.173* 
(1.67) 

.164 
(1.61) 

.157* 
(1.82) 

.151 
(1.75) 

1.635*** 
(9.61) 

1.231*** 
(4.47) 

Pig crop / 
inshipments 

-.056 
(-.75) 

  -.003* 
(-.05) 

  

Small farms, state 
prop minus U.S 

    -1.662*** 
(-6.93) 

-1.432*** 
(5.66) 

Large farms, state 
prop minus U.S 

    .003 
(.02) 

.086 
(.69) 

State proportion, 
U.S. ind. employ. 

 .133*** 
(2.65) 

 .093 
(1.89) 

  

Proportion U.S. 
slaughter, state 

  .374*** 
(5.68) 

.362*** 
(5.59) 

 .217** 
(2.35) 

Constant 10.54 
(.58) 

9.08 
(.50) 

-2.01 
(-.13) 

-2.62 
(-.17) 

596.42 
(3.91) 

601.57*** 
(4.56) 

N 223 223 223 223 29 29 
Adjusted R2 .260 .275 .402 .412 .881 .904 
Est. rho .167 .143 .085 .077 .326 .396 
Residual 
normality 

(5.33)*** (5.30)*** (4.63)*** (4.64)*** (2.03)** (.09) 

< .1, ** < .05, *** < .01 

proportion of small farms is expected to be positively associated with small farms.  It is 

important to note that the inclusion of the proportions of state farms composed of large 
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and small farms is conceptually distinct from the actual numbers of these farms, but these 

measures are likely highly related.  R2 comparisons with the prior models are discounted 

when these variables are included because of this relation. 

Table 6.4 presents models for farm production, where models 1 through 4 and 7 

through 10 utilize annual variables and models 5, 6, 11, and 12 add Census-specific 

measures for farm size.  As with table 6.2, the first six models are fixed effects.  Among 

the control variables, the hog to feed ratio loses significance, while farm wages and hog 

price generally retain significance.   

For GCC-specific variables, all fixed effects models and two OLS models display 

positive and significant effects for both net and total trade for pork.  The effects of total 

trade are generally three times the magnitude for the first four models but increase in 

models 5 and 6.  More importantly, the magnitudes of the effects of total trade increase to 

more than .5 standard deviations for both models.  For OLS models, no trade measure is 

significant at the .05 level when all years are included.  Across model forms, hog trade 

only achieves significance in models 5, 6, 11, and 12 and is positive in all cases.  As 

noted in chapter 3, the United States witnessed a sizable increase in hog imports and a 

transition to a net pork exporter in the early 1990s, which follows both the development 

of specialized farms and the development of production outside the Corn Belt.  This 

suggests that the hog trade effects are in part the product of the smaller sample size. 

 The relation between farm size, state-level specialization into hog feeding, and the 

creation of specialized farms raises the potential of overlap across the included measures 

but is not observed in table 6.4.  The inshipments variable only receives marginal support 



 

 205 

in the unexpected direction in model 10.  The proportion of farms composed of small 

farms is negatively associated with hog production in all four Census year models, but 

the proportion of farms composed of large farms is not significant in any model.  Again, 

the large standardized effects and the appearance of normally distributed residuals may 

be the product of the small sample size, particularly in the case of the OLS models. 

The presence of manufacturers is broadly significant and positively associated 

with hog production.  The proportion of national, non-poultry meatpacking employment 

and the proportion of national pork slaughter produced by the state are generally 

significant, either modeled separately or together, and the magnitudes of the standardized 

parameters do not substantially change when both variables are included.  The inclusion 

of manufacturer variables also significantly improves model fit, as noted by the change in 

BIC scores.  Models 3 and 4 are preferred for the fixed effects models and models 9 and 

10 are preferred for OLS models as evaluated by adjusted R2.  Due to the changes in 

sample sizes, the last two models for each model form are not directly comparable.  

The effects of the global commodity chains variables on farm structure vary from 

their effects on production, as presented in table 6.5.  Farm wages lose significance in all 

fixed effects models, and while not consistent, hog litter and hog price generally lose 

significance in both model forms.  A comparison of BIC scores for comparable fixed 

effects models and adjusted R2 values for OLS models across these two tables shows a 

general improvement in model fit.  For example, the BIC score for all farms falls a 

significant 26.34, while adjusted R2 values rise from .217 to .476 for all farms.
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Table 6.5: Hog Farm Structure, Economic and Global Commodity Chains Variables 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dependent 
variable 

All farms Small farms Large farms Average 
size 

All farms Small farms Large farms Average 
size 

Farm wages -.227 
(1.49) 

.184 
(1.69) 

-.252 
(1.18) 

-.111 
(-.58) 

-.009 
(-.05) 

.007 
(.06) 

-.418** 
(-1.99) 

-.259 
(-1.04) 

Land value .154 
(1.40) 

.100 
(1.34) 

-.070 
(-.49) 

-.022 
(-.17) 

.133 
(.54) 

-.062 
(-.40) 

.218 
(.84) 

.262 
(.84) 

Property taxes -.121 
(-1.35) 

-.013 
(-.23) 

.002 
(.02) 

.043 
(.44) 

-.099 
(-.32) 

-.095 
(-.51) 

.341 
(.96) 

.165 
(.49) 

Hog litter .106* 
(1.78) 

.008 
(.15) 

.015 
(.17) 

.222** 
(2.23) 

-.051 
(-.44) 

.082 
(.67) 

.305*** 
(-2.63) 

.103 
(.47) 

Hog / feed ratio .171** 
(2.36) 

.052 
(1.46) 

-.025 
(-.33) 

-.128** 
(-2.21) 

.338 
(1.24) 

-.301* 
(-1.82) 

.262 
(.96) 

-.175 
(-.53) 

Hog price -.161** 
(-2.33) 

.053 
(1.24) 

.126 
(1.52) 

.112 
(1.45) 

-.192 
(-1.22) 

-.252* 
(-1.91) 

.529*** 
(3.04) 

.201 
(.67) 

Trade - hog value 
total 

-.373 
(-.72) 

-.144 
(-.53) 

.636 
(1.13) 

.212 
(.47) 

-.610 
(-.90) 

-.421 
(-.95) 

1.597* 
(1.79) 

-1.213 
(-1.45) 

Trade - hog value 
net 

.598 
(1.33) 

.061 
(.24) 

.728 
(1.40) 

.547 
(1.27) 

.107 
(.21) 

-.376 
(-1.05) 

1.991*** 
(2.65) 

.540 
(.73) 

Trade - pork 
quantity total 

1.133*** 
(3.66) 

.220 
(1.25) 

.134 
(.37) 

.677** 
(2.31) 

.337 
(.67) 

-.174 
(-.47) 

.358 
(.53) 

2.008*** 
(3.53) 

Trade - pork 
quantity net 

.239*** 
(3.31) 

.012 
(.29) 

.027 
(.31) 

.151* 
(2.10) 

.272 
(.92) 

-.163 
(-.78) 

.312 
(.77) 

1.311*** 
(3.92) 

Prop. U.S. 
slaughter, state 

-.225 
(-1.08) 

-.036 
(-.29) 

.238 
(.95) 

-.070 
(-.34) 

.035 
(.30) 

.020 
(.25) 

-.028 
(1.30) 

-.299** 
(-2.42) 

Small farms, state 
prop minus U.S 

.241** 
(2.21) 

-.093* 
(-1.94) 

-.265** 
(-2.62) 

-.083 
(-1.08) 

-1.025*** 
(-3.06) 

-.513** 
(-2.17) 

3.095** 
(-2.00) 

-1.147*** 
(-2.57) 
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Table 6.5 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Large farms, state 
prop minus U.S 

-.004 
(-.09) 

-.077** 
(-2.44) 

-.047 
(-.79) 

.067 
(1.15) 

-.082 
(-.40) 

.227 
(1.50) 

-.568 
(-1.59) 

.227 
(.75) 

Constant 
 

5.52 
(-.00) 

-67.48*** 
(-6.58) 

46.99*** 
(5.81) 

4.69*** 
(12.09) 

-10.36** 
(-2.31) 

-16.96*** 
(-2.98) 

8.00*** 
(4.72) 

.54*** 
(2.82) 

N 34 34 34 34 29 29 29 29 
Within R2 .955 .828 .747 .826     
Between R2 .0001 .322 .971 .505     
Over./adj. R2 .397 .306 .767 .691 .476 -.143 .472 .575 
BIC 276.45 227.55 209.39 8.63     
Est. rho .387 .790 .657 .868 .456 .161 .203 .182 
Residual 
normality 

(4.05)*** (3.40)*** (3.92)*** (2.86)*** (1.12) (1.06) (-1.23) (.22) 

* < .1, ** < .05, *** < .01 
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Pork trade does not significantly affect the number of small or large farms but 

positively affects average size in both model forms and the number of all farms in the 

fixed effects form.  Total and net hog trade positively covaries with the number of large 

farms in the OLS model.  Given the net importer status of the U.S. with respect to hogs, a 

positive trade openness effect is consistent with an association between farm size and 

specialization into the feeding stage of production.  However, this association would also 

suggest a negative net trade effect.  One possible explanation is that large farms are not 

only synonymous with specialization into hog feeding, but may also capture farrow to 

feeding farms.  In fact, supplemental analyses of farm specialization presented in table 

B.23 of appendix B does not show significant results and the effect can be discounted.  

 A relatively high proportion of state farms that are small is positively associated 

with the number of all farms in the fixed effects model and the number of large farms in 

the OLS model.  It is negatively associated with the number of large farms in the fixed 

effects model and with the total number of farms, small farms, and average farm size in 

the OLS models.  By contrast, a relatively high proportion of state farms that are large is 

negatively associated with the number of small farms in the fixed effects model.  Clear 

directionality cannot be established across model types.  This inconsistency may be the 

result of the small sample size or may be due to the difference between detrended and 

demeaned variables.  

 The proportion of U.S. slaughter produced by the state was used to represent the 

presence of manufacturing in the state.  To maintain consistency with the tobacco 

industry models, for which this data is not available, manufactures measures derived from 
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the Census of Manufactures are presented in supplemental models presented in table 

B.24.  Hog slaughter is only negatively associated with average farm size in the OLS 

model, and this association runs counter to expectations.  This result may be explained by 

the specialization of Corn Belt states into feeding operations and a lag in the relocation of 

manufacture activities outside the Corn Belt.  Table 3.7 clearly showed the dominance of 

Iowa in meatpacking activities, and North Carolina runs only slightly ahead of Illinois 

and Minnesota by 2002.  This stands in contrast to the relatively early development of 

large and specialized farms in North Carolina.  In this case, multiple causal forces may 

contradict one another.  The use of the number of establishments, the proportion of 

establishments with at least 20 employees, and the total amount of meat produced, in lieu 

of the proportion of production, presented in table B.24, does not change this conclusion.  

6.3.3 Markets as Politics and Control Models 

Chapter 5 established limited support for endogenous policy formation as 

conceptualized by the markets as politics perspective.  None of the policies appears to 

develop solely due to the actions or from the interests of industry actors.  However, 

policies may also indicate favorable state preferences toward agriculture, specific 

industries, or particular types of actors like small farmers or livestock producers.  The 

expansion of the conception of policy to include predispositions toward particular 

directions of action not only allows for assessment of the direct relation between industry 

context and political developments, it allows for the capture of unobserved policy if 

economic structure is correlated with political developments.  To this end, both policy 

enactment and structural variables that represent the industry context are employed. 
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Only farm moratoria and environmental stringency are expected to possess a 

significant relationship to farm production.  These two policies are expected to be 

negatively associated with large farms and positively associated with small farms.  As 

noted in chapter 5, contract regulation is a relatively new and weak policy, and no 

significant relations are expected.  Anti-corporate farm legislation and bans on vertical 

integration should not affect production, but will be positively associated with the 

retention of small farms.  Right to farm legislation may positively or negatively affect 

production and farm structure.  On one hand, this legislation protects farm production 

from frivolous lawsuits that accompany urban encroachment, which works to the 

advantage of production and may especially benefit large farms (Hamilton 1998).  

However, the early and widespread adoption of this legislation within the sample will be 

correlated with the broad decline in farm numbers, and causation may not be present.  

Right to work legislation may act on agricultural producers indirectly through its effects 

on where manufacturers locate.  As noted in the last subsection, manufacturer presence 

was not associated with the formation of large farms and consequently, right to work 

legislation’s effects on production or farm structure is not clear.   

The relative importance of the industry and of agriculture to the state is expected 

to be positively associated with production, with the number of all farms, and with the 

number of small farms, all else equal.  Though the share of production attributable to 

small farms is in decline, small farms remain the dominant form of organization and a 

principal target for government services.  Specific to the pork industry, a relatively large 

livestock sector and proportion of agricultural land composed of pastureland is expected 
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to further tilt government toward favorable policy directed toward the livestock sector.  

As a high proportion of state farms composed of small farms is negatively associated 

with raw production, the expected positive association with industry prominence may not 

hold.  Finally, alternative measures of environmental stringency measure, the enactment 

of farm moratoria, the use of the unionization rate instead of right to work laws, and 

additional measures of agriculture’s role within the state are evaluated in tables B.25 and 

B.26 and may not be included in this chapter. 

 Table 6.6 presents the control and markets as politics variables for production 

models.  When significant, farm wages and hog price generally remain of similar 

magnitude and in established directions as found above, and no other control variable is 

significant.  Anti-corporate farm legislation, contract regulation, vertical integration bans, 

right to farm legislation, and right to work legislation are not significant in models 1 

through 6.  Environmental stringency is marginally significant and negative in model 5.  

Hog farm moratoria are significant and positive.  Though the moratoria result is initially a 

surprise, moratoria are directed toward large farms and not aggregate production.  

Moratoria are expected to be negative for large farms in the structure models.  

Models 2 and 3 add agriculture as a proportion of GDP, hog farming as a 

proportion of agriculture, and livestock farming as a proportion of agriculture.  Oddly, an 

increase in the proportion of agricultural value composed of hog farming is negatively 

associated with hog production.  Inclusion of livestock as a proportion of agriculture in 

model 3 increases the magnitude of the hog farming variable but turns the additive 

combination of the two measures positive.  Finally, a higher proportion of land devoted to  
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Table 6.6: Hog Production, Economic and Markets as Politics Variables 

 Dependent Variable - Production D.V.– Proportion U.S. 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE-AR1       
Farm wages .143*** 

(2.69) 
.132** 

(2.35) 
.128** 

(2.29) 
-.239 

(-1.64) 
.034 

(.81) 
-.108 

(-.75) 
Land value .002 

(.14) 
.003 

(.23) 
.003 

(.20) 
.038 

(.26) 
-.007 

(-.68) 
-.031 

(-.24) 
Property 
taxes 

-.014 
(-.49) 

-.019 
(-.65) 

-.025 
(-.88) 

-.027 
(-.25) 

-.033 
(-1.62) 

-.040 
(-.43) 

Hog litter .030 
(1.11) 

.028 
(1.04) 

.029 
(1.06) 

.036 
(.45) 

.036* 
(1.88) 

.012 
(.19) 

Hog / feed 
ratio 

-.017 
(-1.38) 

-.011 
(-.89) 

-.014 
(-1.11) 

-.109* 
(-1.90) 

.002 
(.19) 

-.025 
(-.56) 

Hog price -.058** 
(-2.57) 

-.052** 
(-2.21) 

-.004** 
(-2.22) 

-.048 
(-.59) 

-.021 
(-1.28) 

-.060 
(-.84) 

Corporate 
farm ban 

.042 
(.86) 

.037 
(.73) 

.034 
(.67) 

.103 
(.76) 

.051 
(1.43) 

.064 
(.59) 

Contract 
regulation 

.002 
(.14) 

.001 
(.07) 

-.0008 
(-.05) 

.040 
(.95) 

-.004 
(-.30) 

.028 
(.77) 

Vertical 
integration 

-.060 
(-.93) 

-.076 
(-1.14) 

-.077 
(-1.16) 

-.296 
(-1.50) 

-.022 
(-.47) 

-.033 
(-.18) 

Right to farm -.024 
(-1.12) 

-.016 
(-.72) 

-.017 
(-.77) 

-.023 
(-.37) 

.006 
(.37) 

-.003 
(-.06) 

Right to work .008 
(.17) 

.007 
(.15) 

.008 
(.16) 

.225 
(1.68) 

.006 
(.16) 

.167 
(1.44) 

Environment. 
stringency 

-.003 
(-.34) 

-.004 
(-.47) 

-.004 
(-.51) 

-.041 
(-1.05) 

-.011* 
(-1.86) 

-.035 
(-1.23) 

New farm 
moratoria 

.042** 
(2.35) 

.043** 
(2.33) 

.044** 
(2.42) 

.389*** 
(5.88) 

.030** 
(2.33) 

.285*** 
(5.35) 

Ag. / GDP, 
state-U.S. 

 
 

.060 
(1.12) 

-.023 
(-.36) 

-.632*** 
(-3.31) 

-.106*** 
(-2.82) 

-.315* 
(-2.00) 

Livestock/ag.
state-U.S. 

  .321** 
(2.42) 

   

Hog / ag., 
state-U.S. 

 
 

-.138** 
(-2.36) 

-.273*** 
(-3.40) 

.010 
(.06) 

.179*** 
(4.33) 

.307* 
(1.85) 

Prop. ag. 
land, pasture 

   -.957** 
(-2.19) 

 -.532 
(-1.64) 

Cropland / 
pasture 

   -.136 
(-1.10) 

 -.026 
(-.23) 

Constant 18.41*** 
(728.86) 

2180.4*** 
(67.23) 

2294.1*** 
(74.08) 

6975.5*** 
(4.96) 

.08*** 
(98.91) 

.20*** 
(7.77) 

N 225 210 210 40 210 40 
Within R2 .260 .287 .308 .903 .173 .819 
Between R2 .015 .560 .187 .001 .499 .306 
Overall R2 .051 .024 .0001 .021 .322 .352 
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Table 6.6 continued      
 Dependent Variable - Production D.V.– Proportion U.S. 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
BIC 3013.28 2830.68 2829.09 599.19 -1524.81 -212.60 
Est. rho .957 .956 .958 .261 .972 .678 
Resid. norm. (3.50)*** (2.57)*** (3.12)*** (-.11) (3.39)*** (-1.73) 
       
 Dependent Variable - Production D.V.– Proportion U.S. 
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
OLS-PCSE       
Farm wages -.063 

(1.01) 
.035 

(.55) 
.031 

(.50) 
-.365*** 

(-2.68) 
.020 

(.31) 
-.396*** 

(-2.68) 
Land value -.040 

(-.76) 
-.040 

(-.78) 
-.040 

(-.76) 
-.353 

(-1.46) 
-.062 

(-.96) 
-.179 

(-.67) 
Property 
taxes 

-.018 
(-.22) 

-.031 
(-.38) 

-.040 
(-.50) 

-.420 
(-1.53) 

-.100 
(-1.30) 

-.211 
(-.68) 

Hog litter .071 
(1.57) 

.053 
(1.24) 

.050 
(1.19) 

-.037 
(-.25) 

.110** 
(2.53) 

-.001 
(-.01) 

Hog / feed 
ratio 

-.161 
(-1.45) 

-.098 
(-.89) 

-.105 
(-.97) 

.0006 
(.00) 

.011 
(.12) 

.074 
(.33) 

Hog price -.308*** 
(-2.75) 

-.278** 
(-2.44) 

-.287** 
(-2.55) 

-.344** 
(-2.10) 

-.133 
(-1.50) 

-.084 
(-.46) 

Corporate 
farm ban 

.096 
(.97) 

.119 
(1.14) 

.126 
(1.25) 

-.015 
(-.10) 

.200 
(1.62) 

.115 
(.66) 

Contract 
regulation 

.152 
(1.58) 

.146 
(1.45) 

.145 
(1.50) 

.302*** 
(2.63) 

.067 
(.71) 

.299*** 
(2.60) 

Vertical 
integration 

-.044 
(-.50) 

-.060 
(-.64) 

-.072 
(-.80) 

-.034 
(-.26) 

-.203* 
(-1.83) 

-.058 
(-.45) 

Right to farm -.069 
(-.88) 

-.034 
(-.39) 

-.045 
(-.55) 

.217 
(1.24) 

-.031 
(-.43) 

.230 
(1.18) 

Right to work .201*** 
(3.06) 

.210*** 
(2.91) 

.224*** 
(3.20) 

.227** 
(2.13) 

.291*** 
(3.38) 

.299*** 
(2.99) 

Environment. 
stringency 

.020 
(.45) 

.012 
(.28) 

.011 
(.25) 

-.321*** 
(-2.95) 

-.067 
(-1.49) 

-.331*** 
(-2.94) 

New farm 
moratoria 

-.007 
(-.11) 

-.004 
(-.06) 

-.010 
(-.15) 

.559*** 
(4.40) 

-.079 
(-.92) 

.555*** 
(3.67) 

Ag. / GDP, 
state-U.S. 

 .101 
(1.06) 

.037 
(.31) 

-.348** 
(-2.23) 

-.180** 
(-2.10) 

-.277* 
(-1.69) 

Livstk. / Ag., 
state-U.S. 

  .179 
(1.12) 

   

Hog / Ag., 
state-U.S. 

 -.210* 
(-1.95) 

-.318** 
(-2.17) 

.095 
(.64) 

.323*** 
(2.97) 

.331** 
(2.50) 

Prop. ag. 
land, pasture 

   .150 
(.98) 

 .067 
(.43) 

Cropland / 
pasture 

   .204 
(1.44) 

 .251 
(1.53) 
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Table 6.6 continued      
 Dependent Variable - Production D.V.– Proportion U.S. 
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
Constant -12.64 

(-.51) 
-23.08 

(-.82) 
-16.83 

(-.63) 
177.56* 

(1.80) 
-.001 

(-1.53) 
.0009 

(.21) 
N 225 210 210 40 210 40 
Adjusted R2 .233 .267 .269 .514 .109 .473 
Est. rho .163 .209 .180 -.163 .194 -.120 
Resid. norm. (5.41)*** (5.74)***  (5.72)*** (-.68) (5.69)*** (3.63)*** 

* < .1, ** < .05, *** < .01 

pasture, included in model 4, is associated with lower production and is likely due to the 

inclusion of Texas, which possesses low production and a high proportion of pasture. 

 The OLS models show a greater diversity of policies significant in any model and 

less consistency of any single policy across models.  Farm wages are only significant in 

models 10 and 12, and hog price is significant in four models, all in expected directions.  

Hog litter is also significant and positive in model 11.  Neither anti-corporate farm nor 

right to farm legislation is significant in any model.  Contract regulation in models 10 and 

12, right to work legislation in all models, environmental stringency in models 10 and 12, 

and farm moratoria in models 10 and 12 are all significant and in expected directions.  

Vertical integration is significant at the .1 level in model 11.  Contract regulation, right to 

work legislation, and environmental stringency are especially large in magnitude. 

 Second, agriculture as a proportion of GDP is significant and negative in models 

10 through 12, and hog farming as a proportion of agriculture is significant and negative 

in models 8 and 9 but positive and significant in models 11 and 12.  Finally, land 

measures are not significant in any of the OLS models.  Among those models that use the 

full sample, only right to work legislation is significant.  Finally, model fit generally 
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improves over the control models, but the increase is not as large as that gained with the 

incorporation of the GCC variables.  Residuals are normally distributed in three models. 

 Inconsistency across model forms may arise for several reasons.  Inconsistency 

may indicate the absence of robust effects.  Second, the use of raw production as the 

dependent variable places policies within a context of broad industry growth rather than 

relative state-level growth.  As a result, the effects of policies may be facilitative to the 

industry in general or contemporaneous with industry growth.  While the use of the share 

of national hog production at the state level corrects this problem, little additional 

consistency emerges.  Finally, little temporal variability is present for pork-specific 

legislation.  As noted in table 5.2, states enacted right to work legislation prior to the 

study period, enacted anti-corporate farm legislation prior to the study period or in 1975, 

and, when present, enacted other legislation at roughly the same time.  These measures 

become time invariant in effect, and estimates will instead capture industry growth. 

 Farm structure models are presented in table 6.7.  In comparison with table 6.3, 

control variables only change in terms of significance when small farms and average 

farm size are used as the dependent variable.  Farm wages lose significance and the hog 

to feed ratio gains significance in model 2, litter size loses significance in model 8, and 

wages and property taxes become marginally significance in models 4 and 6 respectively.  

Across models, farm wages, hog litter size, and hog price are significant in at least three 

models, and except for hog litter size, all are significant and in the expected directions. 

Each policy variable is significant in at least one model.  Anti-corporate farm 

legislation is positively associated with large farms for the fixed effects model, is
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Table 6.7: Hog Farm Structure, Economic and Markets as Politics Variables 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dependent 
variable 

All farms Small farms Large farms Average 
size 

All farms Small farms Large farms Average 
size 

Farm wages -.306*** 
(-2.93) 

-.055 
(-.62) 

-.500** 
(-2.23) 

.373* 
(1.95) 

-.146 
(-1.12) 

.105 
(.67) 

-.697*** 
(-5.67) 

.059 
(.29) 

Land value -.034 
(-.35) 

-.074 
(-.89) 

.239 
(1.02) 

.032 
(.19) 

.098 
(.48) 

.326 
(1.62) 

.098 
(.31) 

-.147 
(-.49) 

Property taxes -.075 
(-1.07) 

-.086 
(-1.43) 

.137 
(.89) 

.022 
(.19) 

-.059 
(-.26) 

.340* 
(1.83) 

.024 
(.08) 

-.077 
(-.21) 

Hog litter -.088 
(-1.60) 

-.232*** 
(-4.96) 

.137 
(.96) 

.199** 
(2.49) 

.199 
(1.44) 

-.007 
(-.26) 

-.402*** 
(-2.91) 

.291 
(1.49) 

Hog / feed 
ratio 

.105** 
(2.66) 

.082** 
(2.41) 

-.035 
(-.40) 

-.056 
(-.97) 

.212 
(.97) 

-.286 
(-1.09) 

.305 
(1.29) 

-.142 
(-.54) 

Hog price -.254*** 
(-4.45) 

-.178*** 
(-3.68) 

.038 
(.33) 

.022 
(.25) 

-.589*** 
(-3.75) 

.053 
(.25) 

-.233 
(-1.39) 

.183 
(1.00) 

Corporate 
farm ban 

.029 
(.33) 

-.097 
(-1.29) 

.540** 
(2.22) 

-.004 
(-.03) 

.356** 
(2.35) 

.292** 
(2.18) 

-.457** 
(2.34) 

-.194 
(-1.00) 

Contract 
regulation 

-.020 
(-.70) 

-.025 
(-.99) 

.047 
(.65) 

.027 
(.58) 

-.183 
(-1.63) 

-.104 
(-1.12) 

-.151 
(-1.26) 

.341*** 
(2.65) 

Vertical 
integration 

-.044 
(-.31) 

.129 
(1.12) 

.108 
(.42) 

-.002 
(-.01) 

-.099 
(-.65) 

-.033 
(-.33) 

-.535*** 
(-2.78) 

-.089 
(-.44) 

Right to farm .005 
(.13) 

-.075** 
(-2.18) 

.148 
(1.02) 

-.052 
(-.90) 

-.153 
(-.77) 

-.062 
(-.24) 

.212 
(1.15) 

.137 
(.49) 

Right to work .212*** 
(3.27) 

.241*** 
(4.39) 

-.048 
(-.38) 

-.092 
(-.84) 

-.063 
(-.60) 

-.060 
(-.73) 

.312*** 
(2.57) 

.320* 
(1.79) 

Environment. 
stringency 

-.023 
(-.84) 

-.013 
(-.53) 

-.007 
(-.11) 

-.025 
(-.69) 

-.206*** 
(-2.65) 

.009 
(.11) 

-.323*** 
(-2.70) 

-.161 
(-1.24) 
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Table 6.7 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Ag. / GDP, 
state-U.S. 

-.127 
(-1.00) 

-.057 
(-.52) 

-.361 
(-.53) 

.045 
(.24) 

-.039 
(-.36) 

.007 
(.06) 

-.268 
(-.47) 

.001 
(.01) 

Hog / ag., 
state-U.S. 

.330** 
(2.81) 

.276** 
(2.76) 

-.007 
(-.02) 

.063 
(.29) 

.069 
(.62) 

-.050 
(-.57) 

-.057 
(-.25) 

.182 
(1.53) 

Constant 158.75*** 
(4.47) 

170.70*** 
(7.03) 

.14 
(.01) 

2.83*** 
(8.49) 

-15.92*** 
(-3.79) 

-24.74*** 
(-3.55) 

7.22*** 
(3.89) 

.26*** 
(3.05) 

N 40 40 35 40 40 40 30 40 
Within R2 .964 .975 .741 .827     
Between R2 .150 .122 .175 .765     
Over./adj.  R2 .554 .637 .0001 .809 .240 -.011 .523 .116 
BIC 317.32 281.07 236.20 33.17     
Est. rho -.262 -.201 .409 .763 .102 -.048 -.271 .198 
Resid. norm. (.35) (.48) (.30) (8.49)*** (-.87) (-1.00) (.02) (1.24) 

* < .1, ** < .05, *** < .01 
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positively associated with all farms and small farms for the OLS models, and is 

negatively associated with large farms for the OLS model.  Right to work legislation is 

positively associated with all farms and small farms for the fixed effects model, and large 

farms for the OLS model.  New farm moratoria are positively associated with average 

farm size for the fixed effects model and both all and large farms level for OLS models. 

Several policy variables only achieve significance in one model form.  Contract 

regulation is positively associated with average farm size and the allowance of vertical 

integration between feeding and slaughter operations is negatively associated with large 

farms, both for OLS models.  Environmental stringency is also negatively associated with 

all farms and large farms for OLS models.  As expected, the magnitude of the effect is 

greater for large farms than for all farms.  Right to farm legislation is negatively 

associated with small farms for the fixed effects model.  Finally, hog farming as a share 

of agriculture is positive for all farms and small farms for the fixed effects models. 

 Model fit statistics point to several important characteristics.  Fixed effects 

regression produces high within R2 values compared with all prior analyses.  Between R2 

values are of similar magnitude to the control models presented in table 6.3, and with the 

exception of average farm size, are smaller than those for the global commodity chains 

models.  The low between R2 values indicates that none of these models captures a large 

portion of shared effects across panels.  Second, comparison of BIC statistics with those 

for the control models indicate a preference for the inclusion of the markets as politics 

perspective.  Adjusted R2 comparisons indicate similar improvement except when the 

number of small farms serves as the dependent variable.  Across model forms, residuals 
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are normally distributed except for average farm size and the fixed effects specification.  

In summary, the effects of anti-corporate farm legislation, new farm moratoria, and right 

to work laws transcend model form.  In contrast to the hog production models presented 

in table 6.6, the sample size is relatively small for farm structure models.  As noted 

above, this may impact the consistency of estimates across model forms, though as 

discussed above, hog production models also manifest inconsistency. 

6.3.4 Compilation and Comparison 

Tables 6.8 and 6.9 present models that include measures of each perspective in 

order to assess the relative contribution of each perspective to the dependent variables 

and to identify measures most persistent in effect and magnitude for each perspective.  

Table 6.8 models hog production, while table 6.9 models hog farm structure separated by 

size group.  Only hog price remains significant among the control variables in its effect 

on hog production, although farm wages are marginally significant in three models.  Pork 

trade is significant and positive for fixed effects models, but only marginally significant 

for OLS models.  When included in models 2 and 4, the proportion of national 

meatpacking employment possessed by the state is marginally significant and positive.  

The inclusion of employment of the manufactures component of the industry does not 

substantially affect the significance of the proportion of national hog slaughter captured 

by the state, the primary measure of industry presence employed by the study.  The state-

level proportion of national hog slaughter is positive and significant in all models.  

Finally, markets as politics variables generally lose significance when all perspectives are 

modeled simultaneously.  The allowance of vertical integration and bans on large farm 



 

 220 

Table 6.8: Combined Models of All Perspectives for Hog Production 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 
Farm wages .082* 

(1.71) 
.093* 

(1.96) 
.093 

(1.62) 
.108* 

(1.88) 
Land value -.002 

(-.17) 
-.001 

(-.12) 
-.027 

(-.59) 
-.022 

(-.48) 
Property taxes -.026 

(-.99) 
-.025 

(-.98) 
-.028 

(-.38) 
-.026 

(-.34) 
Hog litter .014 

(.58) 
.013 

(.53) 
.044 

(1.09) 
.039 

(.97) 
Hog / feed ratio -.009 

(-.80) 
-.010 

(-.86) 
-.100 

(-.93) 
-.106 

(-.97) 
Hog price -.069*** 

(-3.29) 
-.066*** 

(-3.15) 
-.329*** 

(-2.93) 
-.008*** 

(-2.78) 
Trade - hog 
value total 

-.015 
(-.17) 

-.005 
(-.06) 

.047 
(.19) 

.062 
(.25) 

Trade - hog 
value net 

.003 
(.04) 

.011 
(.14) 

.044 
(.18) 

.057 
(.23) 

Trade - pork 
quantity total 

.202*** 
(3.73) 

.204*** 
(3.78) 

.169 
(1.64) 

.171* 
(1.67) 

Trade - pork 
quantity net 

.039** 
(2.50) 

.037** 
(2.38) 

.139* 
(1.66) 

.136 
(1.62) 

Proportion, U.S. 
slaughter 

.450*** 
(6.27) 

.432*** 
(5.97) 

.332*** 
(4.66) 

.321*** 
(4.56) 

Proportion, US 
employment 

 
 

.062* 
(1.74) 

 
 

.089* 
(1.84) 

Corporate farm 
ban 

.013 
(.29) 

.014 
(.32) 

.122 
(1.39) 

.118 
(1.37) 

Contract 
regulation 

-.011 
(-.69) 

-.011 
(-.73) 

.041 
(.51) 

.032 
(.40) 

Vertical integ-
ration allowed 

-.108* 
(-1.85) 

-.109* 
(-1.87) 

-.057 
(-.69) 

-.063 
(-.78) 

Right to farm .015 
(.76) 

.015 
(.75) 

-.059 
(-.81) 

-.051 
(-.70) 

Right to work .009 
(.21) 

.005 
(.13) 

.115* 
(1.93) 

.110* 
(1.95) 

Environmental 
stringency 

-.002 
(-.26) 

-.0002 
(-.03) 

.012 
(.22) 

.017 
(.31) 

New farm 
moratoria 

.027* 
(1.70) 

.023 
(1.44) 

-.035 
(-.61) 

-.049 
(-.88) 

Ag. / GDP, state-
U.S. 

.061 
(1.26) 

.062 
(1.28) 

.056 
(.64) 

.060 
(.68) 

Hog / ag., state-
U.S. 

-.149*** 
(-2.61) 

-.150*** 
(-2.64) 

-.122 
(-1.16) 

-.124 
(-1.18) 
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Table 6.8 continued    
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 
Constant 1155.15*** 

(32.96) 
938.45*** 
(23.70) 

-31.87 
(-.87) 

-33.93 
(-.93) 

N 209 209 208 208 
Within R2 .513 .527   
Between R2 .986 .998   
Over/adj. R2 .886 .902 .406 .412 
BIC 2770.57 2772.86   
Est. rho .941 .933 .086 .074 
Resid. normality (4.25)*** (3.40)*** (4.64)*** (4.73)*** 

* < .1, ** < .05, *** < .01 

construction or expansion are marginally significant for at least one model when fixed 

effects models are specified.  Right to work legislation is marginally significant when the 

OLS specification is used.  Only the proportion of state agricultural production composed 

of hog production is significant at the .05 level, and only in fixed effects models.  The 

model fit statistics compare favorably to those for most models run to this point.  As 

suggested by the estimates, the global commodity chains perspective is especially central 

to the model fit, and model fit improvement over the global commodity chains models is 

relatively small compared with improvement over the markets as politics perspectives. 

 Differences between OLS and fixed effects results are also apparent for farm 

structure models, shown in table 6.9.  Control variables are only significant at the .05 

level when average farm size is the dependent variable for the fixed effects model.  In 

comparison to the global commodity chains models, all significant control variables lose 

significance for all farm size groups, while variables are comparable for average farm 

size, all for fixed effects models.  Litter size and hog price are positively associated with 

average farm size, and the hog to feed ratio is negatively associated.  By contrast, a 

number of control variables become with OLS specification in comparison with all prior
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Table 6.9: Combined Models of All Perspectives for Hog Farm Structure 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep.variable All farms Small farms Large farms Avg. size All farms Small farms Large farms Avg. size 
Farm wages -.065 

(-.43) 
.170 

(.78) 
-.364 

(-1.53) 
-.248 

(-.90) 
.678 

(1.26) 
.804*** 

(2.62) 
-2.688** 

(-2.55) 
-3.054*** 

(-4.92) 
Land value .560 

(1.82) 
.365 

(.80) 
.678 

(1.14) 
-.531 

(-1.68) 
-1.908*** 

(-4.67) 
-1.032*** 

(-4.58) 
-1.318 

(-1.44) 
1.436*** 

(3.21) 
Property taxes .109 

(.90) 
-.026 

(-.14) 
.066 

(.28) 
-.059 

(-.42) 
-.600*** 

(-3.00) 
-.413*** 

(-3.46) 
-.039 

(-.09) 
.715*** 

(3.67) 
Hog litter -.109 

(-1.05) 
-.072 

(-.45) 
.041 

(.17) 
.534*** 

(4.45) 
-.614** 

(-2.34) 
-.188 

(-1.46) 
-1.265*** 

(-2.60) 
.113 

(.33) 
Hog / feed ratio .194 

(1.56) 
.137 

(.74) 
.294 

(1.22) 
-.441** 

(-3.05) 
.550*** 

(4.50) 
.286*** 

(4.95) 
.667*** 

(3.27) 
-.857*** 

(-5.17) 
Hog price -.264* 

(-2.18) 
-.116 

(-.64) 
-.262 

(-.95) 
.284* 

(2.34) 
-.531*** 

(-4.15) 
-.625*** 

(-8.85) 
-.410* 

(-1.69) 
.537*** 

(3.02) 
Trade - hog 
value total 

-1.247 
(-1.67) 

-.639 
(-.58) 

-1.114 
(-.73) 

1.161 
(1.49) 

1.967** 
(2.11) 

.513 
(1.11) 

8.614*** 
(4.30) 

-5.691*** 
(-4.99) 

Trade - hog 
value net 

-.163 
(-.21) 

.489 
(.42) 

-1.131 
(-.62) 

1.873* 
(2.30) 

.239 
(.33) 

-1.193*** 
(-3.13) 

2.542* 
(1.78) 

.407 
(.40) 

Trade - pork 
quantity total 

1.033* 
(2.25) 

1.145 
(1.66) 

-.116 
(-.11) 

1.370** 
(2.69) 

-2.836*** 
(-3.24) 

-1.988*** 
(-3.88) 

-5.971*** 
(-3.32) 

6.125*** 
(4.83) 

Trade - pork 
quantity net 

.217* 
(2.07) 

.193 
(1.24) 

-.042 
(-.19) 

.243* 
(2.02) 

-.781*** 
(-3.29) 

-.652*** 
(-4.78) 

-1.654*** 
(-3.34) 

1.884*** 
(5.36) 

Proportion, U.S. 
slaughter 

-.404 
(-1.36) 

-.598 
(-1.35) 

.426 
(.64) 

.056 
(.18) 

.580*** 
(4.26) 

.360*** 
(4.66) 

1.216*** 
(4.41) 

-.732*** 
(-3.63) 

Sml. farms, state 
prop-U.S 

.537** 
(3.36) 

.568** 
(2.36) 

.006 
(.02) 

-.030 
(-.25) 

-.773*** 
(-7.89) 

-.050 
(-1.01) 

.063 
(.34) 

-1.496*** 
(-12.43) 

Lrg. farms, state 
prop-U.S 

.034 
(.55) 

.038 
(.42) 

-.125 
(-1.03) 

.231** 
(2.37) 

-.235* 
(-1.84) 

-.007 
(-.11) 

-.266 
(-1.19) 

.849*** 
(5.86) 
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Table 6.9 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Corporate 
farming ban 

.453 
(2.05) 

.139 
(.42) 

.565 
(1.29) 

-.449 
(-1.60) 

.343*** 
(4.56) 

.194*** 
(5.38) 

.721*** 
(5.78) 

-.299** 
(-2.34) 

Any contract 
regulation 

.063 
(1.60) 

.047 
(.82) 

.020 
(.29) 

-.066 
(-1.37) 

.100 
(1.45) 

.060* 
(1.76) 

.052 
(.47) 

.068 
(.63) 

Vertical integ-
ration allowed 

-.509 
(-2.93) 

-.390 
(-1.51) 

-.204 
(-.52) 

.146 
(.72) 

.082 
(1.06) 

.116*** 
(3.15) 

-.864*** 
(-6.29) 

-.110 
(-.91) 

Right to farm -.138 
(-1.35) 

-.223 
(-1.49) 

.059 
(.36) 

.061 
(.73) 

-.488*** 
(-5.65) 

.536*** 
(13.36) 

-.149 
(-.95) 

-1.100*** 
(-15.00) 

Right to work .053 
(.48) 

-.026 
(-.15) 

.060 
(.23) 

-.357** 
(-2.67) 

.221*** 
(3.88) 

.080** 
(2.38) 

.715*** 
(5.78) 

.080 
(.86) 

Environmental 
stringency 

-.060 
(-1.03) 

-.052 
(-.60) 

-.150 
(-1.39) 

.068 
(1.15) 

.094 
(1.41) 

.115*** 
(3.12) 

-.417*** 
(-3.10) 

-.112 
(-1.56) 

Farm moratoria .071 
(1.12) 

.071 
(.74) 

.018 
(.12) 

-.086 
(-1.10) 

.315*** 
(8.69) 

.149*** 
(7.74) 

.188** 
(2.55) 

-.277*** 
(-7.21) 

Ag. / GDP .592 
(1.07) 

.924 
(1.12) 

-1.728 
(-1.43) 

1.470 
(1.75) 

2.335*** 
(5.11) 

1.370*** 
(5.52) 

2.726*** 
(2.97) 

-.223 
(-.34) 

Hog / ag. -.750 
(-1.65) 

-1.094 
(-1.60) 

.706 
(.64) 

-.794 
(-1.63) 

.477*** 
(3.30) 

.411*** 
(5.03) 

-.359 
(-1.12) 

-.807*** 
(-3.42) 

Constant 120.49 
(1.68) 

77.65 
(.92) 

16.33 
(.29) 

.47 
(.80) 

2.84 
(.58) 

-40.13*** 
(-14.87) 

16.49*** 
(6.07) 

1.43*** 
(18.71) 

N 34 34 34 34 29 29 29 29 
Within R2 .993 .981 .961 .965     
Between R2 .655 .614 .084 .210     
Over./adj. R2 .006 .076 .060 .194 .819 .922 .609 .876 
BIC 262.83 269.83 223.52 7.12     
Est. rho -.138 -.125 -.015 .709 -.091 -.244 -.059 .214 
Resid. norm. (2.40)*** (1.39)* (-.39) (3.97)*** (.60) (.27) (1.19) (-.37) 

   * < .1, ** < .05, *** < .01 
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models.  Farm wages, land value, property taxes, the hog to feed ratio, and hog price are 

significant in at least three models.  Direction is not consistent across structure categories, 

although effects for large farms and average farm size are expected to be comparable due 

to the disproportionate impact of large farms on average farm size.  Wages are positively 

associated with small farms, but negatively associated with large farms and average farm 

size.  Land value, property taxes, and hog prices are negatively associated with all farms 

and small farms but positively associated with average farm size.  The hog to feed ratio is 

positively associated with all measures except average farm size.  Finally, hog litter size 

is negatively associated with all farms and large farms, contrary to expectations. 

Global commodity chains measures exhibit similar patterns of change as the 

control variables when compared with table 6.5; changes in variable significance are 

minor for fixed effects models and substantial for OLS models.  Trade measures decline 

in significance or do not change, and only total pork trade is significant at the .05 level 

for fixed effects models.  The proportion of state farms composed of small farms is 

positively associated with the numbers of farms and small farms.  The proportion of state 

farms composed of large farms is positively associated with average farm size, but is no 

longer negatively associated with the number of small farms.  Each trade measure is 

significant in at least one OLS model.  Pork trade is negatively associated with the 

number of all farms and positively associated with average farm size.  A clear relation 

between hog trade and farm structure is not apparent.  All other measures are small in 

magnitude compared with the trade measures.  The proportion of national hog slaughter 

captured by the state is positively associated with each farm size group and negatively 
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associated with average farm size.  The proportion of farms that are small is negatively 

associated with all farms and average farm size, while the proportion of farms that are 

large is positively associated with average farm size. 

As with the markets as politics models presented in table 6.7, each policy measure 

is at least marginally significant in at least one model, but no policy is consistent across 

structure measures.  Only right to work laws are significant for fixed effects models, and 

the negative association to average farm size is contrary to expectations.  For OLS 

models, anti-corporate farm legislation, right to farm legislation, right to work legislation, 

and farm moratoria are significant for all farms.  Environmental stringency and the 

allowance of vertical integration are also significant for the number of small farms, and 

only right to farm legislation changes direction.  Environmental stringency and vertical 

integration are also significant for large farms, but right to farm legislation is not.  In 

contrast to small farms, environmental stringency and vertical integration are both 

negative, but all other significant variables are of the same direction.  Only corporate 

farm bans, right to farm legislation, and farm moratoria are significant for average farm 

size.  Agriculture as a proportion of GDP and hogs as a proportion of agriculture are 

generally positive for OLS models.   

Finally, comparisons of model fit statistics show a general improvement by the 

combined models over prior models, but the extent varies and the relative importance of 

each perspective cannot be meaningfully ascertained.  Comparison of BIC shows little 

improvement over the global commodity chains perspective, but comparisons of adjusted 

R2 values shows improvement over models for both perspectives.  BIC comparisons with 
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 table 6.7 are not possible due to the difference in sample sizes. 

6.4 The Tobacco Industry 

Several differences in the operation of the tobacco industry require changes to the 

statistical modeling strategy.  First, production is modeled in both aggregate and type-

specific form to account for the type-specific character of policies and markets.  Flue-

cured and burley types are the focus for this chapter, and models for Maryland and other 

non-cigar tobacco types are located in Appendix B to reduce the presentation length.  

When the dependent variable is type specific, price, yield, policy, and trade measures are 

also type specific.  Farm structure measures cannot be delineated by the type of tobacco 

cultivated, and type-specific information is not used. 

The incorporation of trade information is complicated by the absence of type-

specific import data for a large portion of the series.  Total and net trade are composed of 

all non-cigar tobaccos.  To incorporate exports information, the interaction of exports as a 

proportion of national production and the proportion of national production produced by 

the state, both specific to type or aggregate to all types, is added as a third variable.  Total 

and net tobacco trade are expected to be positive or not significant.  All else equal, higher 

levels of exports are expected to be negative because higher levels correspond to greater 

exposure to global markets relative to the other types that compose aggregate, non-cigar 

tobacco.  Final product trade is divided into cigarette and other non-cigar tobacco 

products because end use varies across types.  Aggregate product trade was similar in 

effect to cigarette trade because cigarettes compose most product trade.  Consequently, 

aggregated product measures are not reported. 
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6.4.1 Economic and Control Variable Models 

Control variables are not expected to be causally significant because the presence 

of the price support system sharply reduced the relative change in production across 

states over time.  When tobacco farming is profitable, quotas will act as constraints on 

production.  Table 6.10 presents control models for all non-cigar, flue-cured, and burley 

tobaccos.  Models 1 through present fixed effects estimates, and models 9 through 17 

present OLS estimates.  A number of the fixed effects models possess significant 

independent variables, but only when the dependent variable is raw tobacco production 

and not the state-level proportion of national production.  When significant, farm wage, 

land value, and property taxes are consistently negative.  Tobacco price and yield are 

positively associated with all tobacco and yield is positive for each tobacco type.  At .2 

standard deviations, farm wages and yield present effects of greatest magnitude.  Types 

differ with respect to the significance of the control variables, and the relatively high 

proportion of all tobacco composed of flue-cured tobacco for most of the period may 

explain the similarity in effects of these two types.   

OLS models present significant effects only for tobacco price and yield, though 

land value is marginally significant in some models.  Model fit varies substantially across 

the models and residuals are not normally distributed.  A comparison of overall and 

adjusted R2 values shows better model fits for all tobacco than for specific types.  The 

inclusion of price does not improve model fit, despite its significance in the OLS model.  

Relatively few significant effects are present for the farm structure models 

presented in table 6.11.  For the fixed effects models, farm wages are negatively 
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associated and tobacco yield is positively associated with all farms at the .05 or .1 level.  

Land value is marginally significant and positive for average farm size, but the addition 

of tobacco price, positive in model 6, eliminates this effect.  Significance in the OLS 

models differs and no variable is consistent across dependent variables.  Farm wages are 

negative for average farm size, property taxes are positive for small farms, and tobacco 

price is positive for average farm size.  At the .1 level, land value is positive for all farms 

and average farm size when price is not included.  As indicated by the model fit statistics, 

the inclusion of tobacco price improves the model, but only for average farm size.  Farm 

wages and tobacco price are consistent across models, though for different dependent 

variables.  Residuals are normally distributed for OLS models in most cases. 

6.4.2 Global Value Chains and Control Models 

Measures of the global commodity chains perspective are generally similar to those 

employed for the pork industry to facilitate comparison.  Manufacturer information is not 

used in this chapter because industry concentration reduces the consistency of the 

available data.  Models that include industry measures are presented in appendix B.  Only 

minor changes in the significance of the control variables for tobacco production, shown 

in table B.12, appear with the addition of the global commodity chains variables.  Farm 

wages are at least marginally significant and negative in three fixed effects models.  Land 

value is negative in model 1, property taxes are not significant at the .05 level, price is 

significant only for one burley model, and yield remains positive in most models. 

The significance of trade varies by tobacco type.  Total trade is negatively 

associated with the production of all tobacco for fixed effects models provided the
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Table 6.10: Tobacco Production, Economic and Control Models 

 Production Proportion U.S. Production  
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8  
FE-AR1          
Dependent 
variable 

All types All types All types Flue Burley All types Flue Burley  

Farm wages -.169*** 
(-4.43) 

-.215*** 
 (-5.68) 

-.260*** 
 (-6.09) 

-.244*** 
(-5.03) 

-.057 
(-1.21) 

.009 
(.35) 

-.021 
(-1.80) 

.012 
(1.16) 

 

Land value -.091** 
 (-2.60) 

-.085*** 
 (-3.33) 

-.073*** 
 (-2.82) 

-.060** 
(-2.15) 

-.037 
(-1.38) 

-.022 
(-.97) 

.010 
(.89) 

-.005 
(-.61) 

 

Property 
taxes 

-.056** 
 (-2.08) 

-.055** 
 (-2.02) 

-.036 
 (-1.27) 

-.021 
(-.65) 

.013 
(.38) 

-.027 
(-1.45) 

.002 
(.45) 

-.003 
(-.45) 

 

Tobacco 
price (type) 

  .064** 
 (2.17) 

      

Yield (by 
type) 

 .223*** 
(15.19) 

.226*** 
(15.39) 

.080*** 
(6.37) 

.128*** 
(10.10) 

.104 
(7.95) 

.022 
(4.64) 

.018 
(4.59) 

 

Constant 563.12*** 
(53.19) 

309.76*** 
(46.06) 

265.20*** 
(33.01) 

462.07*** 
(36.75) 

138.48*** 
(14.51) 

.09*** 
(18.44) 

.23*** 
(22.93) 

.20*** 
(30.79) 

 

N 281 281 281 141 188 281 141 188  
Within R2 .287 .533 .541 .427 .401 .195 .146 .108  
Between R2 .284 .428 .427 .016 .483 .273 .685 .861  
Overall R2 .123 .360 .367 .075 .059 .216 .033 .131  
BIC 2854.59 2702.19 2703.03 1405.49 1806.63 -1564.99 -829.34 -1136.43  
Est. rho .603 .795 .791 .725 .762 .661 -.054 .482  
Residual 
normality 

(2.16)** (3.70)*** (4.14)*** (.92) (2.66)** (4.34)*** (4.27)*** (5.05)***  
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Table 6.10 continued         
 Production Proportion U.S. Production 
 Model 9 Model 10 Model 11 Model 12 Model 13 Model 14 Model 15 Model 16 Model 17 
OLS-PCSE          
Dependent 
variable 

All types All types All types All types Flue Burley All types Flue Burley 

Farm wages -.004 
(-.46) 

-.012 
(-.22) 

-.015 
(-.28) 

-.013 
(-.25) 

-.086 
(-.97) 

.036 
(.53) 

.043 
(1.02) 

.044 
(.88) 

.059 
(1.41) 

Land value -.154 
(-1.54) 

-.115* 
(-1.73) 

-.094 
(-1.41) 

-.116* 
(-1.73) 

-.163 
(-1.41) 

-.085** 
 (-2.10) 

.028 
(.33) 

.153 
(1.49) 

.0003 
(.01) 

Property 
taxes 

-.052 
(-.73) 

-.064 
(-1.23) 

-.040 
(-.78) 

-.064 
(-1.24) 

-.097 
(-1.09) 

.020 
(.33) 

-.012 
(-.28) 

.040 
(.85) 

.050 
(.90) 

Tobacco 
price (type) 

  .099** 
(2.21) 

      

Yield (by 
type) 

 .712*** 
(13.61) 

.717*** 
(13.41) 

.712*** 
(13.61) 

.500*** 
(6.42) 

.648*** 
(10.36) 

.427*** 
 (8.24) 

.419*** 
 (7.52) 

.290*** 
 (6.65) 

Harvester 
 

   .007 
(.10) 

     

Constant -1.42 
(-.32) 

-4.59 
(-1.32) 

-5.20 
(-1.55) 

-5.09 
(-.80) 

-1.59 
(-.34) 

-3.09 
(-.96) 

-.001 
(-1.45) 

-.001 
(-1.43) 

-.001 
(-1.24) 

N 281 281 281 281 141 188 281 141 188 
Adjusted R2 .010 .538 .534 .536 .254 .404 .183 .216 .072 
Est. rho -.218 .091 .052 .091 -.140 -.018 -.322 -.555 -.381 
Residual 
normality 

(4.82)*** (4.67)*** (4.78)*** (4.68)*** (3.43)*** (3.38)*** (4.62)*** (1.96)** (2.60)*** 

* < .1, ** < .05, *** < .01
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Table 6.11: Tobacco Farm Structure, Economic and Control Models 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE-AR1       
Dep. var. All farms Small farm Large farm Avg. size All farms Avg. size 
Farm 
wages 

-.199** 
(-2.09) 

-.140 
(-1.18) 

-.395 
(-1.03) 

-.049 
(-.24) 

-.218** 
(-2.31) 

-.243 
(-1.43) 

Land value .012 
(.13) 

.008 
(.07) 

.016 
(.04) 

.345* 
(1.69) 

-.013 
(-.14) 

.273 
(1.61) 

Property 
taxes 

.016 
(.51) 

.063 
(1.54) 

-.066 
(-.51) 

-.078 
(-1.09) 

.027 
(.77) 

.059 
(.89) 

Tobacco 
price 

    .046 
(.90) 

.430*** 
(4.55) 

Yield .068* 
(1.84) 

.044 
(.94) 

.029 
(.12) 

-.0003 
(-0.00) 

.077** 
(2.02) 

.014 
(.19) 

Constant 88.84*** 
(15.33) 

41.79*** 
(6.48) 

46.24 
(1.49) 

1.87*** 
(8.65) 

82.36*** 
(10.73) 

.65*** 
(3.28) 

N 54 54 54 54 54 54 
Within R2 .375 .186 .235 .292 .450 .504 
Between R2 .471 .076 .259 .239 .440 .210 
Overall R2 .353 .195 .152 .297 ..373 .276 
BIC 424.50 429.68 475.50 14.55 426.76 -3.05 
Est. rho .777 .756 -.219 .584 .745 .616 
Resid. nor.  (3.19)*** (2.67)*** (2.49)*** (2.71)*** (3.22)*** (2.43)*** 
       
OLS-PCSE       
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
Dep. var. All farms Small farm Large farm Avg. size All farms Avg. size 
Farm 
wages 

-.089 
(-.45) 

.048 
(.22) 

-.049 
(-.27) 

-.563*** 
(-2.79) 

-.081 
(-.40) 

-.510*** 
(-2.96) 

Land value .299* 
(1.70) 

.281 
(1.58) 

-.089 
(-.61) 

.355* 
(1.85) 

.267 
(1.47) 

.273* 
(1.74) 

Property 
taxes 

.328* 
(1.95) 

.371** 
(2.46) 

-.140 
(-.96) 

-.136 
(-.75) 

.372** 
(2.24) 

.008 
(.05) 

Tobacco 
price 

    .110 
(.62) 

.447*** 
(2.85) 

Yield  .202 
(1.25) 

.033 
(.18) 

.355* 
(1.80) 

-.067 
(-.42) 

.197 
(1.22) 

.007 
(.05) 

Constant -20.05*** 
(-3.31) 

-16.96*** 
(-3.46) 

.94 
(.11) 

.29*** 
(3.04) 

-20.46*** 
(-3.45) 

.21** 
(2.35) 

N 54 54 54 54 54 54 
Adj. R2 .138 .113 .151 .243 .122 .432 
Est. rho .297 .021 -.249 -.134 .275 .004 
Resid. nor. (-.23) (1.50)* (4.59)* (-1.14) (.18) (-.70) 

* < .1, ** < .05, *** < .01 
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proportions of farms by size groups are not included.  Net trade is negative for all tobacco 

but positive for flue-cured tobacco, in both cases when farm size measures are not 

included.  Exports are positively associated with all tobacco but are negatively associated 

with both flue-cured and burley tobacco.  All else equal, as the proportion of total exports 

composed of the specific tobacco type increases, production is negatively affected.  OLS 

models vary in direction and effect.  Total tobacco trade is negative for flue-cured 

production and positive for burley production.  Net trade is positive for all tobacco but 

not significant for particular types.  Exports, when significant, are negative for all 

significant.  Product trade is only significant in the fixed effects models.  Flue-cured 

production is negatively associated with total cigarette trade and positively associated 

with net cigarette trade.  Contrary to expectations, flue-cured production is also negative 

for total and net product trade. 

Across model forms, as the proportion of state farms that are small increases, 

production falls for all tobacco and for burley tobacco.  Large farms are also positively 

associated with burley production.  Model fit statistics slow a general improvement over 

the control models.  The inclusion of farm size measures also improves model fit over the 

inclusion of trade, although this may be the result of the sample size reduction due to the 

inclusion only of those years for which the information was available.  Within R2 is 

especially affected by the inclusion of farm size measures, while the trade measures 

affect all R2 components.  Residuals are normally distributed in 7 out of 12 models. 

The addition of the global commodity chains perspective to the farm structure 

models is presented in table 6.13.  Farm wages remain significant in only one OLS 
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Table 6.12: Tobacco Production, Economic and Global Value Chains Models 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
FE-AR1       
Dep. var. All All Flue Burley Flue Burley 
Farm wages -.262*** 

(-4.93) 
-.179* 

(-1.96) 
-.154*** 

(-3.42) 
-.103* 

(-1.81) 
-.149 

(-.89) 
.123 

(.62) 
Land value -.058** 

(-2.00) 
-.080 

(-.92) 
-.013 

(-.40) 
-.029 
(-.92) 

.067 
(.31) 

-.125 
(-.71) 

Property 
taxes 

-.048* 
(-1.65) 

.045 
(-1.25) 

-.012 
(-.44) 

-.011 
(-.34) 

-.040 
(-.62) 

-.053 
(-.85) 

Tobacco 
price (type) 

.027 
(.92) 

.107* 
(1.87) 

-.013 
(-.45) 

.087** 
(1.98) 

-.015 
(-.19) 

.193* 
(1.91) 

Yield (by 
type) 

.208*** 
(14.14) 

.252*** 
(5.27) 

.053*** 
(5.12) 

.109*** 
(10.77) 

.049 
(1.65) 

.132*** 
(3.60) 

Trade–tob. 
qua. total 

-.320*** 
(-3.16) 

.090 
(.25) 

-.007 
(-.12) 

.054 
(1.31) 

-.029 
(-.11) 

.073 
(.73) 

Trade–tob. 
qua. net 

-.111*** 
(-2.97) 

.289* 
(1.91) 

.049** 
(2.16) 

.021 
(1.13) 

.118 
(1.37) 

-.032 
(-.64) 

Exports, by 
type 

.201** 
(2.09) 

-.171 
(-.52) 

-.291*** 
(-4.76) 

-.176*** 
(-8.11) 

-.262 
(-1.18) 

-.535*** 
(-7.19) 

Trade – 
cigart. total 

.022 
(.11) 

-.105 
(-.38) 

-.237** 
(-2.01) 

-.024 
(-.15) 

-.479 
(-.95) 

-.253 
(-.80) 

Trade – 
cigart. net 

.251 
(1.41) 

.447* 
(1.92) 

.303** 
(2.13) 

.128 
(.91) 

.543 
(1.28) 

.295 
(1.18) 

Trade–oth. 
prod. total 

.011 
(.30) 

-.076 
(-1.05) 

-.092** 
(-2.07) 

-.018 
(-.48) 

-.264* 
(-1.86) 

-.022 
(-.30) 

Trade–oth. 
prod. net 

.009 
(.25) 

-.064 
(-1.10) 

-.066* 
(-1.71) 

-.010 
(-.29) 

-.136 
(-1.21) 

-.007 
(-.13) 

Prop., ops., 
sm., state-US 

 -.212** 
(-2.18) 

  .005 
(.03) 

-.269* 
(-1.85) 

Prop., ops., 
lg., state-US 

 .100* 
(1.77) 

  .018 
(.29) 

.229*** 
(3.40) 

Constant 288.91*** 
(49.12) 

31.10 
(.82) 

579.38*** 
(22.30) 

129.70*** 
(8.20) 

401.68** 
(2.61) 

58.49* 
(1.97) 

N 275 54 138 184 27 36 
Within R2 .608 .917 .721 .644 .967 .939 
Btwn. R2 .641 .675 .992 .506 .993 .804 
Overall R2 .493 .651 .411 .089 .458 .572 
BIC 2643.67 541.82 1374.43 1719.03 266.45 356.78 
Est. rho .863 -.524 .450 .650 -.196 .759 
Resid. norm. (5.96)*** (1.55)* (-.38) (1.80)** (.31) (.09) 
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Table 6.12 continued      
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
OLS-PCSE       
Dep. var. All All Flue Burley Flue Burley 
Farm wages .0004 

(.01) 
-.065 

(-1.15) 
-.041 

(-.42) 
.043 

(.57) 
-.107 
(-.66) 

-.163 
(-.72) 

Land value -.045 
(-.67) 

.015 
(.35) 

-.031 
(-.25) 

-.049 
(-.77) 

-.102 
(-.47) 

.292 
(1.25) 

Property 
taxes 

-.064 
(-1.45) 

-.027 
(-.53) 

-.202** 
(-1.96) 

.026 
(.36) 

-.071 
(-.41) 

-.031 
(-.13) 

Tobacco 
price (type) 

.075* 
(1.92) 

.177*** 
(3.15) 

-.005 
(-.07) 

.126* 
(1.66) 

.133 
(1.10) 

.118 
(.57) 

Yield (by 
type) 

.623*** 
(11.57) 

.388*** 
(8.49) 

.591*** 
(6.38) 

.704*** 
(11.23) 

.550*** 
(5.47) 

.149 
(1.17) 

Trade–tob. 
qua. total 

-.354* 
(-1.68) 

-.073 
(-.63) 

-.128 
(-.78) 

.093 
(1.22) 

-.902*** 
(-3.16) 

.412** 
(2.09) 

Trade–tob. 
qua. net 

-.262 
(-1.56) 

.278*** 
(4.04) 

-.025 
(-.17) 

.047 
(.63) 

.259* 
(1.69) 

.041 
(.33) 

Exports, by 
type 

.206 
(.92) 

-.040*** 
(-2.57) 

-.353*** 
(-2.72) 

-.346*** 
(-4.11) 

.044 
(.94) 

-.187*** 
(-3.11) 

Trade – 
cigart. total 

.189 
(.77) 

.126 
(.39) 

.113 
(.31) 

.016 
(.07) 

.731 
(1.18) 

-.416 
(-.99) 

Trade – 
cigart. net 

.151 
(.61) 

.448 
(1.36) 

.273 
(.76) 

.181 
(.80) 

-.463 
(-.73) 

.774* 
(1.88) 

Trade–oth. 
prod. total 

-.080 
(-.25) 

-.086 
(-.53) 

-.695 
(-1.42) 

-.035 
(-.14) 

-.257 
(-.55) 

-.004 
(-.02) 

Trade–oth. 
prod. net 

-.065 
(-.20) 

-.156 
(-.80) 

-.542 
(-1.13) 

.032 
(.13) 

.417 
(.95) 

-.268 
(-1.05) 

Prop., ops., 
sm., state-US 

 -.164*** 
(-3.78) 

  .247* 
(1.78) 

-.514*** 
(-3.14) 

Prop., ops., 
lg., state-US 

 .023 
(.46) 

  -.043 
(-.40) 

.370*** 
(4.21) 

Constant -7.88*** 
(-2.89) 

-30.20*** 
(-3.92) 

-5.97* 
(-1.82) 

-3.45 
(-1.25) 

-4.01 
(-.35) 

-10.72 
(-.98) 

N 275 54 138 184 27 36 
Adj. R2 .616 .910 .494 .601 .873 .722 
Est. rho -.069 .042 -.282 -.001 -.029 .093 
Resid. norm. (4.12)*** (1.04) (3.11)*** (4.16)*** (.44) (.74) 

* < .1, ** < .05, *** < .01 

model, land value is positive for average farm size and for farms in the OLS model, and 

property taxes are negative for large farms and positive for small farms in the OLS 

model.  In contrast to the lack of significance for tobacco price in table 6.11 and the 

supplemental models in table B.29, price is at least marginally significant with the 
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inclusion of trade and the proportions of farms by size groups.  Price is positively 

associated with average farm size and negative for small farms.  Yield is marginally 

significant in one model. 

Tobacco trade for all non-cigar types is used in these models because farms 

cannot be delineated by the type of tobacco cultivated.  As farm size is correlated with 

the type of tobacco produced, the relationship between trade and the numbers of farms of 

various sizes may be obscured.  This problem is mitigated to some extent by the clear 

state-level differences in type-specific tobacco cultivation and farm size.  Total trade is 

positively related to the number of large farms and negatively related to average farm 

size.  Net tobacco trade is negatively associated with average farm size and positively 

associated with the number of large farms in the OLS model.  Independent of total and 

net trade, exports are negatively associated with the number of large farms in the OLS 

model and positively associated with average farm size in both models.  Given the 

association between tobacco type and farm size, the number of all farms and average 

farm size may be most indicative of the relationship between farm structure and trade 

because small and large farms may be biased toward a particular tobacco type.  The 

significance of tobacco trade appears to be consistent across model forms, though as with 

the pork industry, the large standardized effects raises the concern of small sample size. 

Trade in tobacco products is broadly significant and the directions of the effects for 

average farm size are opposite those for all farm size groups.  Generally, significant or 

marginally significant effects for total cigarette and total other tobacco product trade are 

positive for average farm size and negative for the other dependent variables.  Net
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Table 6.13: Tobacco Farm Structure, Economic and Global Commodity Chains Variables 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep. var. All farms Small farms Large farms Average size All farms Small farms Large farms Average size
Farm wages -.146 

(-1.59) 
-.062 
(-.56) 

-.288 
(-.72) 

-.172 
(-1.15) 

.172 
(1.08) 

.214 
(1.43) 

-.107 
(-.97) 

-.431*** 
(-2.97) 

Land value -.014 
(-.16) 

.030 
(.28) 

.276 
(.72) 

.311** 
(2.16) 

.308** 
(2.14) 

.249* 
(1.82) 

.027 
(.29) 

.268** 
(2.03) 

Property taxes -.005 
(-.15) 

.006 
(.16) 

-.328** 
(-2.10) 

-.020 
(-.35) 

.149 
(1.04) 

.293** 
(2.24) 

-.207** 
(-2.27) 

-.098 
(-.75) 

Tobacco price 
(type) 

-.056 
(-.96) 

-.278*** 
(-4.26) 

-.386 
(-1.57) 

.389*** 
(4.27) 

-.005 
(-.03) 

-.271* 
(-1.76) 

-.073 
(-.70) 

.451*** 
(3.54) 

Yield (by 
type) 

.059 
(1.27) 

.007 
(.12) 

.205 
(.97) 

-.003 
(.03) 

.166 
(.97) 

.009 
(.06) 

.202* 
(1.88) 

-.019 
(-.22) 

Trade–tob. 
qua. total 

.577* 
(1.69) 

.072 
(.17) 

2.334* 
(1.55) 

-1.628*** 
(-2.88) 

1.358 
(1.59) 

.636 
(.94) 

1.169** 
(2.33) 

-1.925*** 
(-4.51) 

Trade–tob. 
qua. net 

.092 
(1.47) 

-.010 
(-.14) 

.328 
(1.17) 

-.209* 
(-2.00) 

.470 
(1.04) 

.098 
(.28) 

.501* 
(1.84) 

-.626*** 
(-2.67) 

Exports -.240 
(-.74) 

.341 
(.86) 

-2.679* 
(-1.87) 

1.445** 
(2.69) 

-.388 
(-.67) 

.184 
(.40) 

-1.013*** 
(-2.95) 

1.127*** 
(3.47) 

Trade – cigart. 
total 

-.860*** 
(-3.04) 

-.615* 
(-1.94) 

-2.394* 
(-2.00) 

.837* 
(1.89) 

-2.678*** 
(-3.26) 

-2.075*** 
(-3.29) 

-.626 
(-1.43) 

1.723*** 
(3.95) 

Trade – cigart. 
net 

.731*** 
(3.11) 

.405 
(1.50) 

2.094** 
(2.07) 

-.499 
(-1.33) 

2.962*** 
(3.54) 

1.937*** 
(2.96) 

.751* 
(1.65) 

-1.466*** 
(-3.22) 

Trade–oth. 
prod. total 

-.148** 
(-2.09) 

-.032 
(-.34) 

-.962*** 
(-2.98) 

.181 
(1.48) 

-.992** 
(-2.51) 

-.312 
(-.93) 

-.767*** 
(-3.07) 

.620*** 
(3.20) 

Trade–oth. 
prod. net 

-.144** 
(-2.56) 

-.063 
(-.86) 

-.685** 
(-2.66) 

.252** 
(2.59) 

-1.386*** 
(-2.59) 

-.616 
(-1.43) 

-.962*** 
(-3.12) 

1.218** 
(4.95) 

Prop. ops. 
sm., state-US 

.036 
(.35) 

.527*** 
(5.35) 

-.902** 
(-2.22) 

-.039 
(-.27) 

-.045 
(.37) 

.438*** 
(3.62) 

-.303*** 
(-3.25) 

-.015 
(-.15) 
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Table 6.13 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop., ops., 
lg., state-US 

.035 
(.61) 

.095 
(1.61) 

.857*** 
(3.60) 

.319*** 
(3.66) 

-.057 
(-.34) 

-.082 
(-.55) 

.489*** 
(4.98) 

.279** 
(2.32) 

Constant 118.33*** 
(7.16) 

138.66*** 
(6.65) 

99.45*** 
(4.12) 

.54* 
(1.87) 

-22.41*** 
(-5.13) 

-14.06*** 
(-3.31) 

.22 
(.04) 

.148** 
(2.38) 

N 54 54 54 54 54 54 54 54 
Within R2 .783 .907 .683 .833     
Btwn. R2 .571 .855 .233 .884     
Overall/ 
adjusted R2 

.561 .830 .066 .789 .268 .419 .679 .616 

BIC 437.78 434.35 478.34 -6.054     
Est. rho .614 .248 .445 .401 .225 .066 .015 .021 
Residual 
normality 

(4.05)*** (-.75) (.43) (2.15)** (.94) (.01) (2.76)*** (-.76) 

* < .1, ** < .05, *** < .01 
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cigarette trade is negatively associated with average farm size in the OLS model and 

positive for each farm number variables in both model forms.  Net trade in other tobacco 

products is negatively associated with farm numbers and positively associated with 

average farm size in both model forms. 

To address the possibility that trade in specific tobacco types may be associated 

with one or more farm structure measures, supplemental models were conducted with 

type-specific price, yield, and trade information.  Changes in significance levels and 

magnitude are present, but changes in direction were infrequent.  Total and net trade 

change direction for large in the OLS model when other non-cigar tobacco was used.  

Exports became negative for both burley and other non-cigar tobacco in the OLS models 

for average farm size.  In addition, total tobacco trade becomes significant and positive 

for small farms and the fixed effects model when burley tobacco is used.  Total tobacco 

trade is also positive for all farms and small farms with each tobacco type and the OLS 

models.  Finally, exports are negative for flue-cured tobacco in the OLS model for all 

farms.  In summary, some change in the relation between trade and farm structure are 

present, but changes that are consistent across model forms and unexpected in direction 

are not generally present. 

Farm size measures are consistent with expectations.  The proportion of state 

farms that are small is associated with higher numbers of small farms and lower numbers 

of large farms, while a higher proportion of large farms at the state level is associated 

with higher numbers of farms and larger average farm size.  Model fit comparisons with 

the control models do not show an improvement from the additional variables in the fixed 



 

 239 

effects models but some improvement for OLS models.  Finally, residuals are not 

normally distributed in three of the eight presented models. 

6.4.3 Markets as Politics and Control Models 

Production models restrict the policy measures included in each model to those 

that apply to the type-specific dependent variable, while the production models for all 

tobacco and each farm structure model include all policy measures.  Table 6.14 shows 

several changes to the significance of control variables in comparison with the models 

presented in table 6.10.  Farm wages and land values remain significant with the addition 

of the proportion of state tobacco covered by the price support system, the institution of 

the lease and transfer program, the use of marketing quotas as the basis for the price 

support system, and cross-county quota lease.  These variables are also significant when 

baled sales but are not significant when agriculture’s share of GDP and tobacco’s share of 

agriculture are included.  The inclusion of tobacco price, shown in models 2 and 8, does 

not substantially alter the significance of any of the variables but is significant for OLS 

models.  Yield is significant for all models.  Farm wages and land values are not 

significant for flue-cured tobacco in the fixed effects models in contrast to the control 

models.  Land value also becomes insignificant for burley tobacco in the OLS model. 

Models 1 through 4 and 7 through 10 address all tobacco types, while the final 

two models for each model form change the dependent variable to flue-cured and burley 

production respectively.  Lease and transfer for flue-cured tobacco is positive and at least 

marginally significant in three models that use all tobacco types as the dependent 

variable.  Lease and transfer for burley tobacco is positive for burley production.  The 
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allowance of baled tobacco sales for flue-cured tobacco is generally at least marginally 

significant and is negative.  Burley baled sales are positive for burley production.  OLS 

models present fewer significant effects among the policy variables.  The proportion of 

state tobacco production covered by the price support system, burley lease and transfer, 

and cross-county lease are positively associated with burley production when all policy 

variables are included.  Flue-cured baled sales are negatively associated with both all 

tobacco types and with flue-cured production.  The proportion of agriculture composed of 

tobacco is marginally significant and positive for burley production.  For those models 

where BIC scores can be compared with prior models, the inclusion of these variables 

improves model fit among the fixed effects models.  Comparisons of adjusted R2 also 

show a general improvement for OLS models.  Residuals are not normally distributed. 

Most of the political variables achieve significance in the farm structure models, only a 

few of these variables do so consistently across model forms.  A number of the control 

variables change in significance and magnitude compared with the control models.  Farm 

wages are no longer significant at the .05 level in the fixed effects models but are 

significant in three OLS models and positive for all farms and for small farms.  Land 

values are positive for average farm size in both models and for both all farms and small 

farms in the OLS models.  Property taxes are negative for large farms in the fixed effects 

model and for all farms in the OLS model.  As in the control models, tobacco price is 

only significant for average farm size.  Tobacco yield is positive for all farms and small 

farms in OLS models, a change from all farms in the fixed effects model among the 

control models. 
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Table 6.14: Tobacco Production, Economic and Markets as Politics Variables 

FE-AR1       
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Dep. variable All types All types All types All types Flue-cured Burley 
Farm wages -.200*** 

(-4.93) 
-.236*** 

(-5.25) 
-.112** 

(-2.28) 
-.0003 

(-.01) 
.049 

(1.04) 
-.062 

(-1.13) 
Land value -.076** 

(-2.51) 
-.075** 

(-2.47) 
-.071** 

(-2.39) 
-.051* 

(-1.78) 
-.022 

(-1.16) 
.033 

(1.08) 
Property taxes -.051* 

(-1.86) 
-.035 

(-1.23) 
-.050* 

(-1.77) 
-.035 

(-1.27) 
.024 

(1.06) 
.014 

(.43) 
Tobacco price 
(type) 

 .056* 
(1.73) 

    

Yield (by 
type) 

.217*** 
(14.42) 

.218*** 
(14.51) 

.210*** 
(14.08) 

.195*** 
(13.26) 

.039*** 
(5.29) 

.134*** 
(10.18) 

Prop. state 
tob., support 

.036 
(1.56) 

.030 
(1.31) 

.039* 
(1.72) 

.016 
(.52) 

.018 
(1.49) 

.030** 
(2.01) 

Flue lease / 
transfer 

.040* 
(1.88) 

.039* 
(1.88) 

.043** 
(2.08) 

.015 
(.54) 

.006 
(.24) 

 

Burley, other 
lease / transfer 

.024 
(.96) 

.015 
(.60) 

.024 
(1.00) 

.036 
(1.49) 

 .066** 
(2.30) 

Flue mark. 
quotas 

-.029 
(-1.18) 

Not 
estimated 

Not 
estimated 

Not 
estimated 

-.009 
(-.40) 

 

Burley, other 
mark. quota 

Not 
estimated 

-.037 
(-1.40) 

-.029 
(-1.13) 

.038 
(1.31) 

 Not 
estimated 

Cross-county 
quota lease 

.021 
(1.12) 

.020 
(1.09) 

.021 
(1.14) 

.004 
(.25) 

 -.006 
(-.27) 

Flue, bale 
sales allowed 

  -.062* 
(-2.35) 

-.123*** 
(-3.12) 

-.059*** 
(-3.14) 

 

Burley, bale 
sales allowed 

  -.097* 
(-2.32) 

-.039 
(-1.53) 

 .064* 
(1.77) 

Agriculture / 
GDP 

   .016 
(.26) 

.066 
(.98) 

-.016 
(-.20) 

Tobacco / 
agriculture 

   .232*** 
(5.14) 

.452*** 
(7.73) 

.102 
(1.80) 

Constant 279.88*** 
(36.26) 

251.42*** 
(28.96) 

272.48*** 
(35.24) 

162.23*** 
(15.93) 

182.71*** 
(17.17) 

-10.39 
(-.61) 

N 281 281 281 251 126 168 
Within R2 .549 .555 .564 .626 .725 .482 
Btwn. R2 .410 .409 .410 .721 .958 .309 
Overall R2 .368 .366 .364 .649 .597 .137 
BIC 2721.14 2723.74 2722.10 2415.33 1186.05 1629.97 
Est. rho .786 .781 .795 .784 .818 .730 
Resid. norm. (3.97)*** (4.36)*** (3.69)*** (3.50)*** (5.31)*** (2.46)*** 
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Table 6.14 continued      
OLS-PCSE       
 Model 7 Model 8 Model 9 Model 10 Model 11 Model 12 
Dep. variable All types All types All types All types Flue-cured Burley 
Farm wages -.085 

(-.26) 
-.097 

(-.30) 
.322 

(1.05) 
.372 

(1.28) 
-.202 

(-.43) 
.768 

(1.12) 
Land value -.187 

(-1.63) 
-.154 

(-1.33) 
-.107 

(-.97) 
-.093 

(-1.02) 
-.176 

(-1.48) 
.185 

(1.28) 
Property taxes -.129 

(-1.34) 
-.084 

(-.88) 
-.121 

(-1.35) 
-.057 

(-.69) 
-.033 

(-.26) 
.105 

(.69) 
Tobacco price 
(type) 

 .223** 
(2.32) 

    

Yield (by 
type) 

.422*** 
(13.62) 

.424*** 
(13.38) 

.429*** 
(14.91) 

.384*** 
(13.33) 

.208*** 
(5.55) 

.663*** 
(10.25) 

Prop. state 
tob., support 

.016 
(.67) 

.017 
(.73) 

.002 
(.10) 

-.057 
(-1.73) 

.043 
(.61) 

.206**  
(2.52)  

Flue lease / 
transfer 

-.015 
(-.30) 

-.019 
(-.39) 

-.091 
(-1.92) 

-.087 
(-1.85) 

-.016 
(-.29) 

 
 

Burley, other 
lease / transfer 

.021 
(.35) 

.018 
(.31) 

.050 
(.91) 

.0001 
(.00) 

 
 

.162** 
(2.16)  

Flue mark. 
quotas 

-.020 
(-.35) 

-.025 
(-.45) 

.001 
(.03) 

.144 
(2.40) 

-.046 
(-.45) 

 
 

Burley, other 
mark. quota 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

 Not 
estimated 

Cross-county 
quota lease 

-.021 
(-1.29) 

-.021 
(-1.36) 

-.001 
(-.08) 

-.006 
(-.40) 

 
 

-.066** 
(-2.54)  

Flue, bale 
sales allowed 

  -.145*** 
(-3.64) 

-.141*** 
(-4.03) 

-.151*** 
(-3.01) 

 

Burley, bale 
sales allowed 

  -.071 
(-1.42) 

-.066 
(-1.46) 

 
 

-.105 
(-1.53) 

Agriculture / 
GDP 

   .073 
(.41) 

.321 
(1.09) 

-.332 
(-.93) 

Tobacco / 
agriculture 

   .503 
(3.93) 

1.613 
(6.65) 

.519* 

(1.81)  
Constant -7.28* 

(-1.95) 
-8.57* 

(-1.85) 
2.89 
(.50) 

2.64 
(.49) 

1.62 
(.08) 

-74.47*** 
(-2.93) 

N 281 281 281 251 126 168 
Adjusted R2 .528 .523 .569 .636 .660 .442 
Est. rho .083 .040 .054 .025 -.129 -.114 
Resid. norm. (4.81)*** (4.88)*** (4.02)*** (4.23)*** (2.46)*** (2.68)*** 

* < .1, ** < .05, *** < .01 
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The political variables exhibit little consistency across forms in terms of 

significance.  The proportion of state tobacco production covered by price support is 

significant for large farms in both models but varies in direction across forms.  Flue-

cured lease and transfer is only significant for average farm size in the OLS model and is 

negative, contrary to expectations.  Lease and transfer for burley tobacco is negative for 

all farms and small farms in the fixed effects models, negative for average farm size in 

the OLS model, and positive for large farms in the OLS model.  The switch to the 

poundage basis for the flue-cured price support system is negatively associated with all 

farms in the fixed effect model, negative for large farms in the OLS model, and positive 

for average farm size in both models.  Finally, baled sales for both flue-cured and burley 

production, when significant, are negatively associated with each dependent variable and 

across model forms. 

The two measures of propensity for action, agriculture as a proportion of state 

GDP and tobacco as a proportion of state-level agricultural value, differ form the pork 

industry in their relation to the dependent variables.  Agriculture as a proportion of GDP 

is never significant, while tobacco as a proportion of agriculture is positively associated 

with large farms and negatively associated with small farms.  A comparison of adjusted 

R2 values with those in table 6.11 indicates an improvement in model fit over the control 

models, but a BIC comparison for fixed effects models is not possible to the different 

sample sizes.  Residuals are not normally distributed in three models.
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Table 6.15: Tobacco Farm Structure, Economic and Markets as Politics Variables 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep. var. All farms Small farms Large farms Avg. size All farms Small farms Large farms Avg. size 
Farm wages -.231* 

 (-1.87) 
-.172 

(-1.48) 
.161 

(1.47) 
.003 

(1.22) 
.485** 

(2.55)  
.411** 

(2.22) 
-.164 

(-.99) 
-.008** 

(-2.16) 
Land value -.027 

 (-.30) 
-.077 

(-.93) 
-.084 

(-1.11) 
.005*** 

(2.77) 
.516*** 

(2.85)  
.421** 

(2.42) 
.103 

(.68) 
.005** 

(2.03)  
Property taxes .031 

 (.64) 
.015 

(.38) 
-.162*** 

(-3.42) 
-.001 

(-.72) 
.282*** 

(2.57)  
.147 

(1.29)  
-.009 

(-.09)  
-.002 

(-.99)  
Tobacco price 
(by type) 

-.069 
(-.92) 

-.041 
(-.61) 

.045 
(.69) 

.003** 
(2.17) 

-.321 
(-1.59) 

-.343* 
(-1.73) 

.002 
(.01) 

.009*** 
(2.93) 

Yield (by type) .030 
 (.65) 

.056 
(1.39) 

-.003 
(-.06) 

.001 
(.99) 

.476*** 
(2.93)  

.392** 
(2.42)  

-.320* 
(-1.92)  

.0003 
(.14) 

Prop. state tob., 
price support 

.134 
 (1.56) 

.058 
(.88) 

-1.115** 
(-2.54) 

-.003 
(-1.58) 

.061 
(.51) 

-.129 
(-1.12)  

.274*** 
(3.94) 

-.0003 
(-.11)  

Flue lease / 
transfer 

.086* 
 (1.81) 

.058 
(1.32) 

-.050 
(-1.37) 

-.002* 
(-1.71) 

.095 
(.45) 

.186 
(.80) 

-.086 
(-.62) 

-.013*** 
(-4.65)  

Burley, other 
lease / transfer 

-.221*** 
(-3.87) 

-.154*** 
(-3.22) 

-.266 
(-1.42) 

.002 
(1.66) 

.105 
(.42) 

-.047 
(-.18) 

1.334*** 
(7.37)  

-.009*** 
(-2.82)  

Flue mark. 
quotas 

-.158** 
(-2.15) 

-.052 
(-.90) 

-1.406 
(-1.24) 

.004** 
(2.24) 

-.226 
(-.78) 

-.290 
(-.98)  

-1.070*** 
(-5.25) 

.018*** 
(4.32)  

Burley, other 
mark. quota 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Not 
estimated 

Cross-county 
quota lease 

-.037 
(-1.58) 

-.020 
(-.91) 

-.014 
(-.82) 

-.0002 
(-.35) 

-.156 
(-2.04) 

-.094 
(-1.08) 

-.004 
(-.04) 

-.001 
(-.43) 

Flue, bale sales 
allowed 

-.011 
 (-.30) 

.039 
(1.15) 

-.049* 
(-1.86) 

-.002*** 
(-3.14) 

-.805*** 
(-3.46)  

-.417** 
(-1.97) 

-.200 
(-1.10) 

-.005* 
(-1.66)  

Burley, bale 
sales allowed 

-.014 
(-.37) 

.029 
(.92) 

-.114*** 
(-2.90) 

-.001 
(-1.63) 

-.288 
(-1.59) 

.053 
(.31) 

-.303*** 
(-2.58) 

-.002 
(-.70) 
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Table 6.15 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Agriculture / 
GDP 

.167 
(1.30) 

.174 
(1.55) 

-.102 
(-.89) 

.0001 
(.05) 

-.243 
(-1.45) 

-.183 
(-1.05) 

-.153 
(-.84) 

.004 
(1.21)  

Tobacco / 
agriculture 

-.021 
(-.24) 

-.277*** 
(-3.59) 

.264*** 
(3.29) 

.002 
(.93) 

.329* 
(1.84) 

-.303 
(-1.52)  

.805*** 
(4.11)  

.003 
(1.22)  

Constant 187.34*** 
(13.05) 

101.23*** 
(9.48) 

581.51*** 
(3.22) 

-.54 
(-1.57) 

-19.05*** 
(-2.92) 

-20.31*** 
(-3.68) 

6.29 
(1.29) 

.20* 
(1.78) 

N 48 48 48 48 48 48 48 48 
Within R2 .760 .697 .742 .699     
Btwn. R2 .194 .012 .177 .045     
Over. / adj.  R2 .217 .170 .132 .190 .314 .340 .740 .580 
BIC 384.55 377.56 362.03 7.67     
Est. rho .685 .769 .155 .621 .098 .157 -.049 -.062 
Residual 
normality 

(2.92)*** (-1.34)  (4.35)*** (3.25)*** (-.28) (1.27) (1.46)* (-.31) 

* < .1, ** < .05, *** < .01
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6.4.4 Compilation and Comparison 

The two final tables combine the perspectives into models to assess the relative 

contribution of the perspectives.  Table 6.16 presents models of tobacco production, and 

table 6.17 presents models of tobacco farm structure.  In comparison with the control 

models, farm wages becomes significant and positive for flue-cured production and 

insignificant for production of tobacco in general.  Land value remains significant for all 

types but becomes marginally significant for flue-cured production.  Property taxes and 

tobacco yield do not change, and price is negative for flue-cured and positive and at least 

marginally significant for burley production. 

A substantial amount of change to the significance of the global commodity 

chains variables occurs when the models incorporate the markets as politics variables.  

Total and net tobacco trade are significant for all tobacco production, but are not 

significant or marginally significant for flue-cured and burley production.  Exports are 

positive and at least marginally significant for all tobacco production and across models, 

negative and significant for burley production in both models, and are marginally 

significant and negative for flue-cured production in the fixed effects model.  Each of 

these measures improves in significance in one model and declines in significance in one 

model in comparison with the prior models.  Total and net cigarette trade is significant 

for all tobacco production and for flue-cured production in the fixed effects models.  Net 

cigarette trade is also significant for flue-cured production in the OLS model.  Only the 

flue-cured estimates in the fixed effects models were significant in table 6.12.  No 

changes in significance were present among the estimates of other tobacco products. 
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Table 6.16: Combined Models of All Perspectives for Tobacco Production 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Dep. variable All types Flue-cured Burley All types Flue-cured Burley 
Farm wages -.011 

(-.20) 
.097** 

(2.13) 
-.086 

(-1.38) 
.058 

(1.40) 
.003 

(.04) 
.084 

(1.10) 
Land value -.077*** 

(-2.80)  
-.046* 

(-1.98) 
-.047 

(-1.26) 
-.046 

(-.84) 
-.127 

(-1.41) 
-.042 

(-.54) 
Property 
taxes 

-.047** 
(-2.00)  

-.032 
(-1.26) 

-.008 
(-.27) 

-.031 
(-.78) 

-.093 
(-1.18) 

.062 
(.84) 

Price (by 
type) 

.013 
(.46) 

-.059*** 
(-2.77) 

.148** 
(2.39) 

.022 
(.66) 

-.237*** 
(-4.38) 

.175* 
(1.88) 

Yield (by 
type) 

.158*** 
(10.73)  

.031*** 
(4.90) 

.104*** 
(8.73) 

.508*** 
(9.96) 

.358*** 
(5.03) 

.673*** 
(8.63) 

Trade – tob. 
quantity total 

-.298*** 
(-2.95) 

.035 
(.81) 

.087* 
(1.97) 

-.361** 
(-1.96) 

.018 
(.14) 

.125 
(1.64) 

Trade – tob. 
quantity net 

-.140*** 
(-3.78)  

-.032* 
(-1.90) 

.020 
(1.08) 

-.332** 
(-2.27) 

-.134 
(-1.24) 

.036 
(.48) 

Exports, by 
type 

.317*** 
(3.25) 

-.076* 
(-1.81) 

-.165*** 
(-7.74) 

.339* 
(1.71) 

-.119 
(-1.21) 

-.307*** 
(-3.56) 

Trade – 
cigart. total 

-.351** 
(-2.15)  

-.423*** 
(-3.03) 

-.056 
(-.36) 

-.016 
(-.07) 

-.428 
(-1.55) 

-.068 
(-.32) 

Trade – 
cigart. net 

.556*** 
(3.80)  

.564*** 
(4.52) 

.157 
(1.14) 

.317 
(1.43) 

.702*** 
(2.57) 

.256 
(1.22) 

Trade – other 
product total 

.0003 
(.01) 

-.068** 
(-2.23) 

-.005 
(-.13) 

-.092 
(-.32) 

-.317 
(-.86) 

-.088 
(-.35) 

Trade – other 
product net 

.001 
(.02) 

-.049* 
(-1.83) 

.001 
(.04) 

-.068 
(-.24) 

-.208 
(-.58) 

-.015 
(-.06) 

Prop. state 
tob., support 

.018 
(.62) 

.067** 
(2.39) 

-.034 
(-.84) 

.059 
(.99) 

.207 
(1.70) 

.005 
(.04) 

Flue lease / 
transfer 

.036 
(1.36)  

.049** 
(2.25) 

 .071 
(.91) 

.253*** 
(2.57) 

 

Burley, other 
lease/ transfer 

.036* 
(1.69) 

 .016 
(.64) 

.031 
(.48) 

 .021 
(.25) 

Flue mark. 
quota 

.032 
(1.24) 

-.004 
(-.17) 

 .052 
(.81) 

.083 
(.88) 

 

Burley, other 
mark. quota 

Not 
estimated 

 Not 
estimated 

Not 
estimated 

 Not 
estimated 

Cross-county 
quota lease 

.007 
(.46) 

 -.017 
(-1.28) 

.008 
(.30) 

 -.025 
(-.65) 

Flue, bale 
sales allowed 

-.039** 
(-2.05)  

-.043** 
(-2.56) 

 -.078 
(-1.53) 

-.159** 
(-2.11) 

 

Burley, bale 
sales allowed 

-.054** 
(-2.36)  

 .003 
(.08) 

-.092* 
(-1.85) 

 .007 
(.09) 

Agriculture / 
GDP 

.030 
(.52) 

-.063 
(-1.10) 

.005 
(.08) 

.013 
(.20) 

-.042 
(-.42) 

-.078 
(-.88) 
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Table 6.16 continued      
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Tobacco / 
agriculture 

.259*** 
(6.34) 

.471*** 
(9.69) 

.086** 
(2.08) 

.277*** 
(3.98) 

.990*** 
(7.92) 

.163* 
(1.70) 

Constant 176.14*** 
(12.42) 

298.97*** 
(20.30) 

72.14*** 
(2.64) 

-5.50** 
(-1.99) 

4.37 
(1.51) 

-5.67* 
(-1.89) 

N 251 126 168 251 126 168 
Within R2 .729 .841 .692    
Between R2 .873 .952 .113    
Over./adj. R2 .840 .673 .014 .682 .741 .586 
BIC 2389.14 1163.43 1589.99    
Est. rho .688 .717 .547 -.055 -.174 -.070 
Resid. norm. (1.94)** (5.92)*** (2.78)*** (4.18)*** (2.23)** (4.48)***

* < .1, ** < .05, *** < .01 

 As with the prior markets as politics models, little consistency in the significance 

of specific measures emerges across models.  For flue-cured production, the proportion of 

state tobacco production that falls under the support system is positive in the fixed effects 

model, and both the enactment of the lease and transfer system and the allowance of 

baled sales is significant in both models, though baled sales are negative while lease and 

transfer is positive.  No policy specific to burley tobacco is significant for burley 

production.  However, lease and transfer of burley allotment is marginally significant and 

positive for all tobacco production in the fixed effects model and baled sales of burley 

tobacco is at least marginally significant as positive for all production.  Finally, 

agriculture as a proportion of state GDP remains insignificant for all models and tobacco 

as a proportion of agriculture is positive and significant or marginally significant. 

 A number of changes to the markets as politics variables occur due to the addition 

of the global commodity chains variables.  For burley production, the proportion of state 

tobacco covered by the price support system, the presence of the lease and transfer 

system, and cross county lease of burley acreage in Tennessee lose significance, while 
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the allowance of baled sales gained significance.  The lease and transfer system gained 

significance for flue-cured production, while the allowance of baled sales for flue-cured 

tobacco lost significance for all tobacco production in the OLS model.  Tobacco as a 

proportion of agriculture became significant in three additional models compared with 

table 6.14.  Finally, model fit improves over all prior models as measured by BIC when 

possible and adjusted R2, but residual normality is not present for any model. 

The farm structure models shown in table 6.17 show several consistently 

significant effects for the control variables as assessed across dependent variables within 

one model form or across model forms for one or more dependent variables.  Land values 

are positively associated with average farm size, and both property taxes and tobacco 

price are negatively associated with the number of large farms.  Tobacco price is 

especially noteworthy given its broad insignificance in supplemental control models.  For 

the global commodity chains variables, total tobacco trade is positively associated with 

the numbers of all farms and small farms and is negatively associated with average farm 

size, all among OLS models.  Net tobacco trade and exports are negatively associated 

with average farm size in the OLS model, although net tobacco trade is marginally 

significant for the numbers of small and large farms.  Total cigarette trade is negatively 

associated with all farms and large farms in the fixed effects models, the numbers of each 

farm type in the OLS models, and is positively associated with average farm size in the 

OLS model.  The effects for net cigarette trade are significant for these same 

combinations of dependent variable and model form, but each effect is opposite in 

direction.  Both total and net tobacco product trade is negatively associated with each
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Table 6.17: Combined Models of All Perspectives for Tobacco Farm Structure 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep. variable All farms Small farms Large farms Avg. size All farms Small farms Large farms Avg. size 
Farm wages -.042 

(-.31) 
-.029 

(-.24) 
.064 

(.26) 
-.023 

(-.09) 
.218 

(1.20) 
.241 

(1.51) 
-.140** 

(-2.25) 
-.255 

(-1.42) 
Land value .097 

(1.07) 
.075 

(.87) 
.318* 

(1.94) 
.412** 

(2.38) 
.290** 

(2.23) 
.090 

(.89) 
.077 

(1.62) 
.347*** 

(2.85) 
Property taxes -.0003 

(-0.00) 
.051 

(.73) 
-.333*** 

(-3.16) 
-.046 

(-.36) 
-.008 

(-.07) 
.028 

(.32) 
-.173*** 

(-4.30) 
-.135 

(-1.04) 
Tobacco price 
(by type) 

-.118 
(-1.34) 

-.260*** 
(-3.08) 

.084 
(.52) 

.284 
(1.61) 

-.121 
(-.92) 

-.385*** 
(-3.11) 

.016 
(.38) 

.185 
(1.21) 

Yield (by type) .043 
(.79) 

.021 
(.39) 

-.136 
(-1.37) 

.078 
(.73) 

.392*** 
(2.62) 

.258** 
(2.30) 

-.134*** 
(-2.99) 

.135 
(1.26) 

Trade–tobacco 
quantity total 

.416 
(.81) 

.139 
(.32) 

-.269 
(-.29) 

-1.178 
(-1.20) 

1.471*** 
(3.13) 

1.325*** 
(2.86) 

-.008 
(-.05) 

-2.697*** 
(-6.08) 

Trade–tobacco 
quantity net 

.034 
(.15) 

-.048 
(-.24) 

-.332 
(-.81) 

-.347 
(-.80) 

.383 
(1.45) 

.431* 
(1.65) 

-.161* 
(-1.68) 

-1.281*** 
(-4.79) 

Exports -.097 
(-.21) 

.154 
(.38) 

.566 
(.66) 

1.064 
(1.20) 

-.543 
(-1.54) 

-.554 
(-1.54) 

.097 
(.77) 

1.825*** 
(5.00) 

Trade – cigarettes 
quantity total 

-.811** 
(-2.55) 

-.586* 
(-2.07) 

-1.306** 
(-2.23) 

.680 
(1.09) 

-2.194*** 
(-5.99) 

-1.619*** 
(-4.74) 

-.434*** 
(-3.54) 

1.295*** 
(3.48) 

Trade – cigarettes 
quantity net 

.624** 
(2.29) 

.329 
(1.37) 

1.302** 
(2.59) 

-.372 
(-.69) 

2.086*** 
(5.46) 

1.304*** 
(3.58) 

.577*** 
(4.58) 

-1.195*** 
(-2.98) 

Trade–other 
products total 

-.095 
(-1.19) 

.0001 
(.00) 

-.318** 
(-2.14) 

.153 
(.93) 

-.946*** 
(-4.63) 

-.468** 
(-2.43) 

-.240*** 
(-3.61) 

.860*** 
(4.48) 

Trade–other 
products net 

-.092 
(-1.22) 

-.018 
(-.26) 

-.163 
(-1.18) 

.157 
(1.05) 

-1.189*** 
(-4.49) 

-.695*** 
(-2.70) 

-.250*** 
(-3.12) 

1.475*** 
(6.47) 

Prop., ops., small, 
state-US 

-.119 
(-.98) 

.284** 
(2.32) 

-.889*** 
(-3.97) 

-.064 
(-.26) 

-.249** 
(-2.01) 

.294*** 
(3.18) 

-.236*** 
(-6.42) 

.018 
(.18) 
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Table 6.17 cntd. Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop., ops., large, 
state-US 

.111 
(1.01) 

.229*** 
(3.24) 

-.070 
(-.35) 

.377* 
(1.96) 

-.078 
(-.48) 

.253* 
(1.93) 

.079 
(1.61) 

.667*** 
(4.86) 

Prop. state tob., 
price support 

.051 
(.48) 

.111 
(.39) 

.020 
(.10) 

-.155 
(-.54) 

.155 
(1.41) 

-.269*** 
(-2.80) 

.165*** 
(3.89) 

-.243* 
(-1.72) 

Flue lease / 
transfer 

.109* 
(1.98) 

.116** 
(2.52) 

.092 
(.92) 

-.066 
(-.63) 

.109 
(.57) 

.123 
(.60) 

.231*** 
(3.81) 

.215 
(.99) 

Burley, other 
lease / transfer 

-.156** 
(-2.12) 

-.259 
(-1.68) 

-.053 
(-.38) 

.265 
(1.50) 

-.513*** 
(-5.21) 

-.509*** 
(-5.01) 

-.030 
(-.95) 

.134 
(1.19) 

Flue mark. quotas -.078 
(-.81) 

-.340 
(-.84) 

-.754*** 
(-4.00) 

.368 
(1.38) 

-.126 
(-.88) 

.242* 
(1.70) 

-.486*** 
(-9.95) 

.146 
(.94) 

Cross-county 
quota lease 

-.046* 
(-1.98) 

-.040* 
(-1.86) 

-.081* 
(-1.91) 

.004 
(.08) 

-.143* 
(-1.80) 

-.124* 
(-1.87) 

-.057*** 
(-2.61) 

-.031 
(-.49) 

Flue, bale sales 
allowed 

-.080* 
(-1.89) 

-.034 
(-.93) 

-.154* 
(-1.99) 

-.110 
(-1.36) 

-.685*** 
(-3.63) 

-.261 
(-1.59) 

-.092 
(-1.30) 

-.298 
(-1.56) 

Burley, bale sales 
allowed 

-.046 
(-.99) 

.021 
(.42) 

-.204** 
(-2.38) 

-.092 
(-.96) 

-.122 
(-1.21) 

.051 
(.46) 

-.132*** 
(-3.17) 

-.258 
(-1.59) 

Agriculture / 
GDP 

.166 
(1.12) 

.165 
(1.17) 

-.382 
(-1.39) 

-.184 
(-.61) 

.416* 
(1.88) 

.263 
(1.48) 

-.091 
(-1.39) 

-.251 
(-1.45) 

Tobacco / 
agriculture 

-.038 
(-.24) 

-.141 
(-.92) 

.749** 
(2.63) 

.120 
(.40) 

.035 
(.23) 

-.185 
(-1.52) 

.268*** 
(5.71) 

.416*** 
(3.30) 

Constant 124.95*** 
(6.14) 

146.51* 
(1.90) 

118.34*** 
(8.60) 

-.117 
(-.18) 

-9.19 
(-1.59) 

-7.17 
(-1.37) 

7.32* 
(1.82) 

.17 
(1.53) 

N 48 48 48 48 48 48 48 48 
Within R2 .873 .962 .949 .842     
Between R2 .060 .315 .005 .424     
Over. / adj. R2 .047 .047 .002 .482 .596 .675 .914 .632 
BIC 389.78 364.82 343.29 13.50     
Est. rho .677 .325 .655 -.568 .234 -.031 .160 -.090 
Res. normality (1.83)** (3.95)*** (4.10)*** (2.89)*** (.21) (-.57) (-.69) (2.10)*** 

 * < .1, ** < .05, *** < .01; Table note: burley and other non-cigar marketing was dropped from all models due to collinearity.
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farm type and positively associated with average farm size, all when the OLS 

specification is used.  Among the fixed effects models, only total product trade is 

significant and only when the number of large farms serves as the dependent variable.  As 

expected, a higher than average proportion of state farms composed of small farms is 

positively associated with the number of small farms and negatively associated with the 

number of large farms.  This proportion is also negatively associated with the total 

number of all farms in the OLS model.  Interestingly, a higher than average proportion of 

state farms composed of large farms is at least marginally significant and positively 

associated with small farms and average farm size. 

The use of all three sets of variables changes some of the conclusions reached in 

prior subsections, though directional changes to significant variables are almost never 

present.  Farm wages become significant for large farms in the OLS model in contrast to 

each of the other farm structure analyses, but in contrast to the markets as politics 

subsection, wages are insignificant for the other dependent variables when the OLS 

model specification is used.  Land values are significant for average farm size in both 

models, significant for all farms in the OLS model, and insignificant for small farms.  

Property tax effects lose significance for small farms in the OLS model, but are generally 

consistent with the derived estimates from the global commodity chains analysis.  In 

contrast to all prior models, tobacco price is only significant for small farms.  Tobacco 

yield, in comparison to the markets as politics models, becomes significant for large 

farms in the OLS model and remains consistent for the other dependent variables. 
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A number of changes in the global commodity chains measures from the prior 

analysis are present among these models.  Tobacco trade becomes insignificant in all 

fixed effects models.  Total tobacco trade becomes significant for all farms and for small 

farms, but insignificant for large farms when the OLS model form is used.  Exports are 

insignificant for large farms in the OLS model.  Significance generally improves for 

cigarette trade, though the results are consistent with those present in table 6.13.  Trade in 

other tobacco products is only significant for large farms in the fixed effects model but 

becomes significant for small farms in the OLS model.  Finally, the proportion of state 

farms composed of small farms is consistent with prior analyses, with all farms in the 

OLS model the effect to see an increase.  By contrast, the proportion of farms composed 

of large farms declines in significance for large farms and average farm size in the fixed 

effects models and rises in significance for small farms in the fixed effects model. 

As anticipated by prior analyses, little consistency for markets as politics 

measures is evident across model forms or dependent variables.  In addition, many of 

these effects are opposite those anticipated.  The burley lease and transfer program, flue-

cured marketing quotas, baled sales of burley tobacco, and tobacco as a proportion of 

state-level agricultural value are consistent across model forms for at least one dependent 

variable at the .05 level.  Burley lease and transfer is negatively associated with all farms 

in both models and small farms in the OLS model, flue-cured marketing quotas and baled 

burley sales are negatively associated with large farms in both models and a high 

proportion of agriculture composed of tobacco carries a positive effect for all farms in 

both models and average farm size in the OLS model.  The proportion of state tobacco 
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production covered by the price support system is negatively associated with small farms 

and positively associated with large farms, both with the OLS model.  Flue-cured quota 

lease and transfer carries positive effect for small farms in the fixed effects models and 

large farms in the OLS model.  Cross-county quota lease is negatively associated with 

large farms and baled flue-cured sales are negatively associated with all farms, both in 

the OLS models.  Perhaps the most difficult results to reconcile with expectations are the 

effects for the lease and transfer programs and the allowance of baled sales, both 

expected to spur the development of large farms.  The small sample size problem noted in 

each farm structure analysis above may be one cause behind these results.  Specific to the 

tobacco industry, the aggregation of farms at the state-level may cloud results because 

farms are type-specific with respect to production.  As discussed in chapter 4, 

agglomeration proceeded at different rates across tobacco types, this process was 

underway prior to the start of the study period, and two sample states, North Carolina and 

Virginia, possess both flue-cured and burley production. 

As for the production models, a substantial difference appears in the patterns of 

significance between the prior analysis and this analysis.  Roughly half the political 

measures are at least as significant as measured by a count of the number of models for 

which a significant estimate is produced.  The proportion of state tobacco production 

covered by the price support system, the flue-cured lease and transfer system, and cross-

county quota lease rise in significance, burley lease and transfer, flue-cured marketing 

quotas, and baled flue-cured sales decline, and the other three estimated measures do not 

change.  Few changes are present for all farms.  Flue-cured marketing quotas lose 
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significance in the fixed effects model and burley lease and transfer gains significance in 

the OLS model.  Flue-cured lease and transfer gains significance and both burley lease 

and transfer and tobacco as a proportion of agriculture lose significance for small farms 

in the fixed effects model.  The proportion of state production under support and burley 

lease and transfer gain significance, while baled flue-cured sales lose significance in the 

OLS model.  The proportion of state production under support loses significance and 

flue-cured marketing quotas gain significance for large farms in the fixed effects model, 

while burley lease and transfer loses significance and both flue-cured lease and transfer 

and cross-county lease gain significance for the OLS model.  For the average farm size 

models, both flue-cured marketing quotas and baled flue-cured sales lose significance for 

the fixed effects models.  Flue-cured lease and transfer, burley lease and transfer, flue-

cured marketing quotas lose significance, while the proportion of state production under 

support and tobacco as a proportion of agriculture gain significance in the OLS model. 

6.5 Discussion and Conclusion 

This chapter assessed the relative contributions of the global value chains and 

markets as politics perspectives to the spatial changes in the pork and non-cigar tobacco 

industries.  To the location-specific factors of production represented by the control 

variables, the global commodity chains perspective added the relationship between the 

agricultural and manufacturing components of each industry, the influence of relatively 

large agricultural producers, and the characteristics of global markets, while the markets 

as politics perspective added both policy that formed in relation to each industry and the 

economic and political context in which states are located.  The prior chapters indicated 
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very different patterns of industry operation and policy formation, which limited the 

capacity of this chapter to incorporate the same measures across models of the industries.   

Farm production and farm structure were modeled to capture multiple forms of economic 

and spatial change that may have arisen with production controls in the tobacco industry.  

Tobacco production was delineated by type to more correctly incorporate the particular 

characteristics of tobacco markets and end use.  The case states were selected to 

strategically capture variation in the independent variables and the range of industry sizes 

within the United States.  Due to the relatively limited number of states in which tobacco 

is produced and the large portion of national production accounted for by these states, the 

degree to which the results can be generalized to the nation varies across the industries.  

Finally, the significance of each variable depends on both the specific model form used 

and the particular perspectives included in the model.   

This section concludes the statistical model portion of the study with a brief 

summary of theoretical and methodological findings that encompass the results specific 

to the cases.  Across industries and specific to the perspectives employed, are similar 

measures consistently significant?  Second, within each industry, does the significance of 

specific variables change when subsequent models add perspectives to a model?  

Measures are assumed to be reliable where significance is present across model forms in 

either of these scenarios.  However, these methodological findings are a supplement and 

not a substitute to the arguments advanced for the incorporation of these measures.  

Tobacco types are separated but compared to all tobacco production, production and 

structure results are treated separately, and variables are generally discussed when 
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significant across model forms.  For brevity, the principal focus of this section is the 

comparison within each industry across the perspectives employed.  Where possible, this 

section identifies similar measures across industries. 

6.5.1 Production Models 

Farm wages and hog price are the only variables that retain significance with the 

addition of additional perspectives in both model forms, though the hog to feed ratio 

retains at least marginal significance with the addition of either perspective.  Total and 

net pork trade, the state’s share of U.S. meatpacking employment, and the state’s share of 

U.S. hog slaughter are at least marginally significant in conjunction with the control 

variables and with all three perspectives.  Moratoria on farm expansion and hog farming 

as a proportion of state agricultural value are at least marginally significant for fixed 

effects models, while right to work legislation is at least marginally significant for OLS 

models when the markets as politics perspective or all perspectives are included.  

However, hog farming as a proportion of state agricultural value and moratoria are also 

significant with the incorporation of the markets as politics perspective for OLS models. 

Substantial differences in significant effects between the tobacco types exist.  

Tobacco yield is the only control variable significant across tobacco types and model 

forms.  Tobacco price is also significant across model forms for all tobacco production, 

and land value is significant for fixed effects models.  Farm wages generally are at least 

marginally significant in fixed effects models for all tobacco, flue-cured production, and 

other non-cigar tobacco.  At least one tobacco trade measure is significant for each 

tobacco type with and without the incorporation of all perspectives.  Total trade, net 
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trade, and exports are significant for all tobacco production across model forms.  Net 

trade and exports are significant for flue-cured tobacco in fixed effects models.  Net trade 

is significant across model forms for burley production.  Net trade and exports are also 

significant across model forms for other non-cigar tobacco production and total trade is 

significant for the OLS model form.  Total and net cigarette trade is significant in fixed 

effects form for all production and flue-cured production.  Finally, total and net trade in 

all other non-cigar tobacco products is significant or marginally significant across model 

forms for other, non-cigar tobacco and in fixed effects form for flue-cured production. 

Flue-cured lease and transfer, baled burley sales, and tobacco as a proportion of 

agricultural value are at marginally significant with or without the inclusion of all 

perspectives for all tobacco, while both the proportion of state production under price 

support and baled flue-cured sales are marginally significant in fixed effects form.  Baled 

flue sales in OLS form and tobacco as a proportion of agricultural value in fixed effects 

form are significant for flue-cured tobacco.  In addition, flue-cured lease and transfer are 

significant for both model forms when all perspectives are modeled.  The proportion of 

state production under price support and burley lease and transfer are significant when 

the GCC measures are not incorporated for burley tobacco.  Baled burley sales are 

significant for other non-cigar tobacco.  Burley lease and transfer is also significant 

without the global commodity chains perspective variables for other, non-cigar tobacco. 

6.5.2 Structure Models 

Several complications arise with the comparisons of the structure models.  The 

models contain relatively few observations because only Census years were available for 
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the dependent variables.  Second, the significance of measures is erratic across dependent 

variables and with the substitution of alternate measures for some variables, possibly due 

to the high ratio of covariates to observations.  Finally, significance and directionality are 

not expected to be similar across dependent variables in all cases.  For brevity, the 

identified results are generally significant across dependent variables and model forms.  

Due to the particularly erratic OLS results, this section is organized by model form.  

Significance of control variables changes with the incorporation of additional 

perspectives.  Farm wages are significant for large farms and for both all farms and small 

farms with the fixed effects form.  Hog prices are significant for all farms in both model 

forms.  Litter size and hog price is significant for two dependent variables in the fixed 

effects form.  The addition of the global commodity chains perspective eliminates 

significance across model forms for a single dependent variable in all cases and reduces 

the significance of a variable across two or more dependent variables in a single model 

form to the hog to feed ratio.  By contrast, the incorporation of the markets as politics 

perspective produces significance for farm wages and large farms, litter size and average 

farm size, and hog price for all farms.  In addition, farm wages are significant for all 

farms, and both litter size and hog prices are for small farms, all with the fixed effects 

form.  The use of all three perspectives produces significant effects for litter size and feed 

costs, both in conjunction with average farm size and the fixed effects form.  OLS models 

generate significant control variables for at least three of the four dependent variables. 

For the global commodity chains measures, total and net pork trade is at least 

marginally significant for average farm size and for all farms when the fixed effects form 
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is used.  The proportion of state farms composed of small farms is at least marginally 

significant for all farms, small farms, large farms, and for average farm size and the OLS 

model form.  When the markets as politics perspective is also added, net trade becomes 

marginally significant for fixed effects models.  However, total hog trade becomes 

significant for all but small farms, and both total and net pork trade become significant 

for each farm type, all with the OLS model form.  The proportion of farms composed of 

small farms is significant for all farms, for small farms and the fixed effects form, and for 

average farm size and the OLS form.  Finally, the proportion composed of large farms is 

significant for average farm size in both forms.  In short, pork trade remains marginally 

significant and both small and large farms as proportions increase in significance. 

With the incorporation of the markets as politics perspective to the control 

models, both corporate farm and contract legislation are significant for large farms.  For 

fixed effects models, right to work legislation and hog farming as a proportion of 

agricultural value are significant for all farms and small farms, right to farm legislation is 

significant for small farms, and vertical integration bans and farm moratoria are 

significant for average farm size.  Corporate farm bans are significant for all farms and 

small farms, contract regulation is significant for all farm sizes, right to work legislation 

is significant for large farms, environmental stringency is significant for all farms and 

large farms, and farm moratoria is significant for all farms, all with the OLS model form.  

The use of all three perspectives does not result in a significant result across model forms 

and only results in a negative association between right to work legislation and average 

farm size in the fixed effects model.  As with the GCC variables, most political measures 
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are significant for at least two dependent variables with the use of the OLS form.  

Contract regulation is only significant for small farms, vertical integration bans and 

environmental stringency are only significant for small and large farms, agriculture as a 

proportion of GDP are only significant for all farms and small farms, and all other 

measures are significant for at least three dependent variables.   

In contrast to the pork industry, no control variables are significant across model 

farms, though land value is marginally and positively associated with average farm size.  

Farm wages are negative for all farms in the fixed effects model and for average farm 

size in the OLS model.  Property taxes are positive for small farms and the OLS model.  

The addition of the GCC perspective generally adds significance to control variables.  

Land value is significant for average farm size, property taxes are significant for large 

farms, and tobacco price is at least marginally significant for small farms and average 

farm size, all across model forms.  In addition, property taxes are also significant for 

small farms in the OLS model.  The addition of the markets as politics perspective to the 

control models also improves significance in several cases.  Land value and tobacco 

prices are significant for average farm size across model forms.  Farm wages and land 

values are significant for all but large farms in the OLS models, and tobacco yield is 

significant for all farms and small farms for the OLS model form.  The incorporation of 

all perspectives reduces significance across model forms to land values for average farms 

and property taxes for large farms.  Land values are also significant for all farms and 

yield is significant for all but average farm size when the OLS model form is used.  

Finally, taxes are significant for both small and large farms with the fixed effects form. 
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Total tobacco trade, net tobacco trade, and tobacco exports are at least marginally 

significant for both large farms and average farm size.  Total cigarette trade is at least 

marginally significant for all but large farms, and net cigarette trade is at least marginally 

significant for all farms and large farms in both models and small farms and average farm 

size in the OLS model.  Total trade in other tobacco products is significant for all farms, 

large farms, and average farm size in the OLS model.  Net trade in other tobacco products 

is significant across model forms except for small farms.  The incorporation of all three 

perspectives eliminates the significance of tobacco trade for the fixed effects models, but 

generally improves significance of trade measures for the OLS models.  For OLS models, 

total tobacco trade, net tobacco trade, and tobacco exports are significant for average 

farm size, and total tobacco trade is significant for all farms and small farms.  Total and 

net cigarette trade is significant for all farms and large farms with both model forms and 

for small farms and average farm size for the OLS model form.  Finally, total and net 

trade in other tobacco products is significant for each dependent variable with the OLS 

specification, but only total trade is significant for large farms and the fixed effects form. 

Measures of concentration generally are consistent whether or not all three 

perspectives are included.  When the global commodity chains perspective is included, 

the proportion of farms that is composed of small farms is significant for both small and 

large farms, while the proportion of farms composed of large farms is significant for 

large farms and average farm size.  With all perspectives, small farms are significant for 

both small and large farms, and large farms are at least marginally significant for small 

farms and average farm size. 
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The significance of the political variables is erratic across model forms, dependent 

variables, and the perspectives incorporated into the model.  When the markets as politics 

perspective is added to the control models, the proportion of state tobacco production that 

falls under price support, baled burley sales, and tobacco as a proportion of agricultural 

value are significant for large farms, while flue-cured lease and transfer, marketing 

quotas, and baled sales are at least marginally significant for average farm size.  Flue-

cured marketing quotas are also significant for all farms in the fixed effects model and 

large farms in the OLS model, and tobacco as a proportion of agricultural value is 

significant for small farms in the fixed effects model.  Burley lease and transfer is 

significant for all farms and small farms in the fixed effects model and for large farms 

and average farm size in the OLS models.  The incorporation of all models produces a 

different pattern of variable significance.  Flue-cured marketing quotas, baled burley 

sales, and tobacco as a proportion of agricultural value are significant across model forms 

for large farms, while burley lease and transfer is significant for all farms.  Baled flue-

cured sales are at least marginally significant for all farms, and cross county lease is at 

least marginally significant for large farms.  Finally, the proportion of state tobacco that 

falls under price support is significant for large and small farms, burley lease and transfer 

is significant for all farms and small farms, and tobacco as a proportion of agricultural 

value is significant for large farms and average size, all within the OLS models. 

6.5.3 Comparison across Industries 

This chapter concludes with a brief comparison of significant variables across 

industries.  As noted above, measures are directly comparable in some cases, and the 
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significance of measures varies between farm structure and production.  For these 

reasons, this section will generalize across model forms and will aggregate farm structure 

measures.  Further, this section will generalize across employed perspectives where a 

measure is generally present.  Little consistency is expected across industries for the 

control and markets as politics variables because measures are industry-specific.  

Measures are similar across industries for the global commodity chains perspective. 

Yield is positive across production of specific tobacco types, but price is only 

significant for all tobacco.  By contrast, the hog to feed ratio, hog prices, and farm wages 

are generally significant for pork production.  For farm structure, farm wages are 

negative for both industries, price is significant for both industries, hog litter is significant 

for the pork industry, and both property taxes and yield are significant for tobacco. 

The inclusion of the global commodity chains perspective eliminates the 

significance of the hog to feed ratio and at times changes the direction of farm wages and 

hog price for pork production.  The significance of tobacco price is eliminated for the 

tobacco industry, while land value and farm wages become significant for all tobacco 

production.  Total and net trade measures for both agricultural and final goods are 

positively related to hog production and are generally significant for all tobacco 

production.  Only total trade for flue-cured tobacco and net tobacco trade, total product 

trade, and net product trade for other non-cigar tobacco production are significant.  

Exports are significant for each tobacco type in at least one model form.  Finally, each 

trade measure is significant for tobacco farm structure, while total and net pork trade are 

significant for hog farm structure. 
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Among the farm size and specialization measures, the proportion of farms 

composed of small farms is significant for both farm production and structure and both 

commodities.  The proportion composed of large farms and the proportion of acreage 

composed of acreage on large farms are significant for tobacco farm structure.  The 

proportions of U.S. employment and slaughter at the state level are significant for hog 

production, but these measures could not be assessed for tobacco due to data limitations. 

Though measures of the markets as politics perspective vary across industries, 

some consistency in significance across dependent variables is expected, as is general 

significance of the perspective across industries.  Among the control variables, only farm 

wages and hog price remain significant for hog production, and only tobacco yield is 

significant for tobacco production.  Farm wages and commodity price are significant for 

farm structure in both industries, hog litter is significant for the pork industry, and land 

value and property taxes are significant for the tobacco industry. 

Moratoria, agriculture as a share of state GDP, and hogs as a proportion of total 

agricultural value are significant across model forms for hog production, and as noted 

above, several additional measures are significant in one model form.  Corporate farm 

bans, right to work legislation, and moratoria are significant for hog farm structure in 

both model forms, while several other measures are significant for one model form.  It is 

important to note that the direction possessed by many of these variables do not suggest 

causal impact.  For example, only North Carolina possessed a moratoria, and North 

Carolina’s greater than average growth in hog production may account for the positive 

effect possessed by moratoria. 
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Greater consistency across model forms is present within the tobacco industry.  

Tobacco as a proportion of agricultural value is significant for all tobacco production.  

Baled sales of flue-cured tobacco are significant for all tobacco and for flue-cured 

tobacco.  The proportion of tobacco production covered by price supports is significant 

for burley production.  Lease and transfer is significant for the production of other, non-

cigar tobacco production.  For farm structure, the proportion of tobacco covered by price 

supports, burley lease and transfer, the marketing quota for flue-cured production, baled 

sales for both tobacco types, and tobacco as a proportion of agricultural value are 

significant across model forms. 

Inclusion of all three perspectives generally reduces the number of significant 

variables and changes some of the conclusions above.  Farm wages are marginally 

significant and hog price remains significant for hog production.  Litter size and the hog 

to feed ratio are significant for hog farm structure.  Tobacco yield is significant for all 

tobacco types and price is significant for all types in at least one model form.  Land 

values, property taxes, and tobacco prices are significant for tobacco farm structure. 

Some consistency across industries and dependent variables are present for global 

commodity chains measures.  Total and net pork trade measures are marginally 

significant for hog production and significant for structure in at least one model form.  

Total and net trade measures are significant for production of all tobacco other non-cigar 

tobacco.  Exports are significant for the production of burley and other non-cigar 

tobaccos.  Each of these measures is significant for tobacco farm structure in at least one 

model form.  In contrast to the pork industry, product trade generally loses significance.  
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Net cigarette trade is significant for flue-cured production, total and net tobacco product 

trade is significant for other non-cigar tobacco, and each of these measures is significant 

for farm structure in at least one model form.  Farm specialization measures are not 

significant for production, but the proportions of farms composed of small and large 

farms are significant for structure in both industries.  The proportion of U.S. slaughter at 

the state level is significant for hog production and for farm structure in one model form. 

No political measure is significant for hog production, but right to work 

legislation and hogs as a proportion of agriculture are at least marginally significant for 

one model form.  Most of the variables are significant in at least one model form for farm 

structure, though right to work legislation is significant for both model forms.  By 

contrast, a number of political variables are significant for the tobacco industry.  Flue-

cure lease and transfer, baled sales, and tobacco as a proportion of agriculture are 

significant for all tobacco production and, except for burley baled sales, are significant 

for flue-cured production.  Burley baled sales are significant for other non-cigar tobacco 

production.  Lease and transfer, flue-cured marketing quotas, cross-county lease, burley 

baled sales, and tobacco as a proportion of agriculture are significant for farm structure.   

Commonalities of measure significance across industries or dependent variables 

do not necessarily indicate that the measure is valid or superior to other measures.  

However, the validity of each perspective is supported when significant across these 

different cases and outcomes.  This analysis demonstrates support for both perspectives 

in a general sense while it allows for industry-specific variation in the specific measures.  

But, this validity is reduced by the lack of consensus across measures of spatial change. 
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7. Discussion and Conclusion 

The motivation behind this study rests on a number of observed changes within 

the agricultural sector and their potential interrelation.  At the broadest level, the 1960s 

and 1970s brought a dramatic increase in American agricultural exports amidst favorable 

global conditions and the collapse of the Bretton-Woods regime (Dimitri, Effland, and 

Conkin 2005; Bowers, Rasmussen, and Gladys 1984).  While efforts to enact state 

retrenchment within agricultural policy are evident as early as 1954, limited success only 

succeeded amid a climate of high exports and fears of escalating program costs, inflation, 

and market distortion.  The political imperative for reduced program costs and limited 

state intervention as well as persistent accumulation of program crops cemented this shift 

in perspective by the farm crisis of the 1980s.  Among rural communities, continued 

decline in the rural population, growth in farm size, and the growth in the importance of 

off-farm work are arrayed against the increased importance of global markets to domestic 

agriculture, farm mechanization, and changes in patterns of consumption and their 

heightened impact on agricultural production (Dimitri, Effland, and Conkin 2005). 

These broad patterns do not reflect observations at lower levels of analysis in all 

cases, specifically for the industry or subnational spatial levels.  For example, chapters 3 

and 4 detail substantial differences in trade volumes and domestic consumption patterns 

between the non-cigar tobacco and pork industries.  Across states, differences in average 

farm size, the presence and size of processors, and operative policies within a single 

industry suggest a multitude of factors affect industry location and the operative role held 

by a location within the industry.  This study problematizes these differences by positing 
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them as the product of a formative process of interaction between these factors within a 

particular context.  In this manner, this study reflects the broad turn toward research that 

situates agricultural and developmental outcomes within particular contexts (Buttel 2001; 

Constance and Bonanno 1999; Marsden 1999; Friedland 2001; Gereffi 1994). 

The characteristics of the context, the constitution of the set of actors, and the 

causal linkage between these elements constitutes the key contrasts between the 

theoretical perspectives.  The global commodity chains perspective draws attention to the 

role of industry governance with the inclusion of all actors involved in a process of 

production and the causal importance of the economic and structural differences that exist 

between them.  Actors orient strategic action toward profit maximization and the 

alteration of the industry to their advantage through the organization of governance and 

through sourcing decisions.  However, the capacity to effect industry change depends 

upon the relative substitutability of each industry segment to the industry as a whole.  

This study measures the capacity to alter industry governance and the availability of 

alternatives to domestic partners by the relative proportions of industry value that accrues 

to each industry segment, the relative levels of trade in agricultural and final products, 

and by secondary analyses on agricultural contracts and other forms of coordination. 

While the global value chains perspective acknowledges the embedded and 

informal nature of institutions, it generally treats these institutions either as the 

environmental context within which strategic action unfolds or as malleable for a variety 

of purposes (Frederick and Gereffi 2009).  By contrast, the institutional perspective 

offered by the markets as politics perspective places the context of legitimacy on the 
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desired outcomes of firm survival and profitability.  Industry or market actors produce 

social orders through interaction and over time enact institutional artifacts through appeal 

to the state and following disruptions to the established social orders.  Action will only 

occur during social disruption, and policy both reflects the characteristics of conflict 

resolutions by the state and carries causal impact on the future operation of an industry.   

The incorporation of industry actors at different stages of the productive process 

allowed for an assessment of the capacity of each segment to adjust to economic changes 

wrought by global interaction and to constrain the actions of actors in other segments.  In 

addition, this study argued that because political power rested at both the state and 

national levels, institutional environments would diverge because differences across 

states in industry constitution, for example in the relative importance of small farmers or 

the relative importance of the industry to the state economy, would produce different 

policy outcomes and industry characteristics over time.  The selection of two agricultural 

industries produced a comparison that allowed for variation in the importance of state 

versus national policy to the industry but placed both industries within a larger policy 

context.  As noted above, devolution to states and reduction in intervention followed 

World War II.  Finally, the selection of the pork and non-cigar tobacco industries allowed 

for assessment of the importance of global interaction to both agricultural producers and 

processors in both industries.  For each industry, prominent states that encompass the 

range of economic and structural variation among agricultural producers were used. 

This study attempts to offer several important contributions to the sociology of 

agriculture and the sociology of development by framing the persistence of differences at 
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the subnational level of analysis as problematic or underexplored.  While differences in 

the cost of factors to production at the local level likely correlate with production, of 

more interest to this study is why the importance of some of the factors of production 

changes over time.  For example, what drives the growing importance of farm labor for 

hog production in North Carolina and why does a sizable portion of hog production 

remain in the relatively expensive Corn Belt?  The presence of two distinct patterns of 

organization within the United States calls for explanation of origin and evolution.   

Increased global interaction was expected to produce economic and 

organizational consequences within the industry because of the interests and actions of 

industry actors.  This study used the global commodity chains conception of the industry 

to capture the variety of industry interests and the multifaceted nature of global 

interaction.  This study simplified empirical exploration by disaggregating industry actors 

into two distinct industry segments, farmers and processors.  Farmers and processors are 

directly linked within a process of production and are the primary actors with respect to 

production.  While substantial evidence supports the view that the retail segment of food 

production plays a more active role in the operation of these industries, this study treats 

this segment as relatively unimportant in these cases.  For both industries, manufactures 

control brands.  For pork, private label or store brands do possess the capacity to directly 

impact the operation of the industry.  But when compared with the beef and poultry 

industries, pork is consumed at home, rather in restaurants and fast food locations, to a far 

greater extent (Lin et al. 2003).  This fact implies a more limited capacity for the retail 

segment to alter the operation of packers or the importance of brands.  Second, the effects 
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of the actions of industry actors on consumption patterns are far from clear.  The effects 

of cigarette makers likely are small compared with the impact produced by health 

concerns.  The actions of meatpackers are more concretely linked to consumption 

patterns through the preparation of complete products for fast food retailers and the 

diffusion of rapidly prepared, microwave meals (Gereffi, Lee, and Christian 2009).  

Again, pork lags other meat products in this area.  Further, per capita consumption of 

beef and pork held steady or declined beginning in the 1980s, while consumption of 

poultry increased.  The timing of health concerns over red meat suggests a correlation 

that may outweigh the effects of the actions of packers and processors.  

The origin and impact of policy also contributes because it clarifies why industry 

change occurs and when it should be expected.  In this study, manufacturers were cast in 

a mediating role between global markets and domestic producers.  Their interests, 

however, also lead to impacts on farmers that frequently became the basis for legislative 

action.  Two questions are central to this study.  First, is there a relation between the 

structure of agriculture and the policy developments that exist within a jurisdiction?  

Second, do these policies affect the organization and operation of the industry?  As with 

the spatial focus of the study, the elaboration of policy formation serves less to correct a 

problem than it does to address an underexplored component of industry organization.  

The causal connection of economic characteristics present at a spatial level, the presence 

of manufacturers, global markets, and policy produce both departures from a modal form 

of industry organization and reasons that suggest the durability of these differences.  The 

next section summarizes the research findings produced by the study. 
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7.1 Summary of Research Findings 

The scale and specialization of hog producers increased dramatically over the 

period, accompanied by a shift out of the Corn Belt and the subdivision of farming into 

discrete stages along the life cycle of the animal (Skaggs 1986).  The fed animal stage, 

this most proximate to slaughter, depends on proximity to both inexpensive feed and to 

processors, while the farrow and wean stages increasingly depend on inexpensive labor, 

land, and capital investment (McBride and Key 2007:25; Key and McBride 2007:14).  

This study argued for a relation between the separation of these stages of production and 

prior consolidation within the meatpacking industry, within the general agricultural 

context of specialization into fewer crops at the farm level.  Particularly during the 1990s, 

the rise of contract farming and variation in the spatial distribution of factors of 

production are associated with an increased capacity for meatpackers to coordinate 

production and farm level specialization.  Two important developments, the separation of 

carcass production from processed product production at the establishment level and the 

spatial shift to the Southeast and within the Corn Belt to lower wage areas, were 

manifested during packer consolidation at this time.  The effects were substantial; the 

proportion of retail value captured by farmers increased from 52% in 1960 to 59% in 

1975, but fell to 31% in 2005.  But meatpackers were squeezed as well; packers captured 

a high of 31% of total retail value in 1970, but only 10% in 1990 and 13% by 2005.   

Changes to consumption and trade patterns also appear to be related to farm and 

packer production.  Domestic per capita consumption declined after 1971 (USDA ERS 

2009), before the most recent wave of packer consolidation.  Following consolidation, the 
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United States became a net exporter of pork in 1995, for the first time since the World 

War I era, and surpassed its prior record for exports, achieved in 1919, in 2004.  Fresh 

pork trade to Japan and to the developing Mexican market led this growth, and a spatial 

organization of the industry across North America is evident (Hahn et al. 2005).  The 

U.S. accounts for almost all global live swine trade, and the vast majority of this trade is 

new to the 1990s, between Canada and the northern Corn Belt states, and composed of 

feeding hogs, and not breeding swine.  The spatial characteristics of this new form of 

trade suggests that scale and specialization are not confined to the Southeast. 

As discussed in chapter 4, the characteristics of tobacco producers and markets 

vary substantially across varieties and their associated end uses.  Non-cigar tobacco 

producers increased in size over the study period, albeit to different extents.  Flue-cured 

farms tend to be larger than other types of farms due to topographical characteristics of 

the land where it is produced and because many of these characteristics were effectively 

locked in by the county level spatial freeze created by the price support system.  The 

initial observation of a spatial shift across state lines was reduced to seasonal variation in 

tobacco yields due to environmental factors once aggregated non-cigar tobaccos were 

disaggregated, which changed the focus of inquiry to changes in farm structure.  

Aggregate tobacco production rose through 1978 and fell after except for a brief 

resurgence amid support price decline in the 1990s.  But as discussed in chapter 5, flue-

cured production faced greater competitive pressure from global markets than burley 

production, and the proportion of production accounted for by flue-cured tobacco 

declined slightly, while the proportion accounted for by burley rose slightly. 



 

 275 

 Technological developments within the processing component of the industry 

reduced the amount and quality of tobacco for a given cigarette quality level, as shown in 

figure 4.2.  While intentionality is not certain, manufacturers placed pressure placed on 

farmers and the price support system with these developments, particularly those 

involved with flue-cured production.  In contrast to the pork industry, consolidation is not 

apparent during the period among processors; cigarette manufacture consolidated early in 

the twentieth century and little consolidation is present among producers of other non-

cigar products.  Nonetheless, the distribution of retail value across industry segments 

changed substantially.  The proportion of retail value that accrued to manufacturers 

increased from 21% in 1960 to 41% in 2005, while the proportion that accrued to farmers 

fell from 13.5% in 1960 to 5.4% in 1990 and 1.2% in 2005.  Excise taxes declined from 

40% of retail value in 1960 to 24% in 2005, while the share captured by the retail and 

wholesale segments increased from 24% to 34% between 1960 and 2005. 

Global interaction is more complex in this industry than in the pork industry.  The 

high quality of production and the relatively few alternatives to American production 

formed the basis of America’s net exporter status, which lasted until 1987.  A number of 

alternative locations for non-Oriental production emerged in the 1960s and 1970s, but 

quality generally was not comparable to American production.  The development of 

reconstituted tobacco and the ability to substitute lower grade tobacco in greater amounts 

threatened domestic producers in two ways.  First, manufacturers could use accumulated 

price support stocks of lower quality, and second, processors in the United States or 

abroad could substitute less expensive foreign production for comparable domestic 
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production.  Because quality is partly based on the leaf position and the method of 

harvest, most farmers would be impacted by the bifurcation of tobacco into a high quality 

and stable segment and a lower quality, more competitive segment.  Importantly, trade is 

small relative to national production for final products. 

Flue-cured production was affected most severely by expanded alternatives.  

Flue-cured exports generally represented between 30% and 50% of national production 

over the period, but the proportion of tobacco exports composed of flue-cured tobacco 

fell from 90% to 50%.  By contrast, the proportion of burley production that was 

exported rose from 10% to 40% while the proportion of exports composed of burley rose 

from 10% to 50%.  While Maryland tobacco exports generally constitute less than 5% of 

exports, the proportion of national production that was exported fell between 30% and 

50%, comparable to the other tobacco types.  Finally, the diffusion of American-style 

cigarettes affected global demand for each variety.  Cigarettes produced entirely from 

Oriental tobacco were displaced in most cases, which increased demand for flue-cured 

and burley tobacco and demand for alternatives to American production.   

Federal agricultural policy worked to stabilize farmer incomes and to mitigate the 

problems that emerged with the specific means by which to stabilize income.  

Commodity price support and direct income support are the two forms of income 

stabilization.  Tobacco policy is exceptional because of the especially stringent form of 

price support, the durability of price supports compared with most crops, and the 

important role played by societal concerns over health consequences.  Tobacco is one of 

the last crops to transition from commodity price support, but in contrast to most other 
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program crops, support in any form is no longer provided.  In some cases, state policy 

extends agricultural policy toward the potential effects of asymmetry between farmers 

and processors on farmers, the potential for corporate farm activity to disrupt farm 

income, and the regulation of other sources of farm income decline.   

The mixed assessment of either legislative effectiveness or the linkage between 

low farm income and its purported causes at the state level suggest that policies may 

carry causal impact on subsequent agricultural development and serve as indicators of 

predispositions toward specific interpretations of problems within the farm sector and 

their solutions.  If Pfeffer’s (1983) characterization of American agriculture as an 

amalgamation of three regional forms of organization, the observed tendency of anti-

corporate farm legislation, to use one example, to develop only in the Midwest is logical; 

these state governments formed in temporal proximity to one another, and their farm 

sectors were composed of small farm grain production.  However, these measures are 

imperfect as measures of either predispositions or effect.  The effectiveness of much of 

this policy is in dispute, and as suggested by tobacco policy, translation into legislative 

action is not immediate or clearly associated with industry or societal concerns.  For 

example, the erosion of tobacco support began more than a decade after publication of 

the Surgeon General’s report, and the dominance of quota owner interests over those of 

tobacco growers in the formulation of quota sizes and support levels is opposite that of 

the similar peanut program (Dohlman, Foreman, and Da Pra 2009a).  More generally, this 

study traced the formation of direct support over a 20 year period that began during the 

1970s and culminated in the 2002 institution of countercyclical payments. 
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Statistical analysis disaggregated the research problem by perspective and 

measured their effects on farm production and on farm structure, particularly the presence 

of large or small farms, at the state level.  Panel analysis allowed for variation across 

states in the fixed effects term, while pooled OLS analysis corrected for statistical issues 

with the assumption that observations can be conceptually pooled.  The significance of 

independent variables tended to be stable across model forms when farm production was 

the dependent variable and when the number of independent variables was not large.  By 

contrast, farm structure models exhibited considerable variation in the significance and 

magnitude of independent variables across model forms, especially as the number of 

independent variables increased.  Finally, this study evaluated alternative measures for 

many of the concepts because the validity of many variables as measures of the concepts 

is not known.  In most cases, alternate measures did not present different interpretations 

of the effects of the concepts, but some affected the significance of other concepts. 

Surprisingly few control variables retained even marginal significance at the .1 

level with the inclusion of measures of one or both perspectives and across model forms.  

Farm wages, hog price, and the hog to feed ratio remained at least marginally significant 

for hog production, and tobacco yield remains significant for tobacco production for each 

type and for aggregated production.  Tobacco price is significant for aggregated tobacco, 

land value is significant for aggregated tobacco and the fixed effects model, and farm 

wages are at least marginally significant in the fixed effects models for aggregated 

tobacco, flue-cured production, and other non-cigar tobacco production. 
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At least one measure of final product trade is generally at least marginally 

significant to agricultural production in both industries, but trade in agricultural products 

generally is significant only for the tobacco industry.  Importantly, disaggregation by 

tobacco type shows that final product trade is only associated with either aggregated 

tobacco or the specific types used in their production, which supports the reliability of the 

statistical analysis.  In addition, net trade is significant across tobacco types more 

frequently than total trade.  Finally, the separation of tobacco types generally reduces the 

significance of trade measures in the pooled OLS analysis.  The state’s share of U.S. 

meatpacking employment and hog slaughter are at least marginally significant for the 

pork industry with the incorporation of both perspectives.  This verifies the causal 

relation between processor location and subsequent hog farming activity.  Comparable 

data for the tobacco industry was not available, but due to the overwhelming size of 

cigarettes within the non-cigar tobacco industry and the spatial concentration of cigarette 

production in North Carolina and Virginia, any relation is likely specious. 

Farm moratoria and hog farming as a proportion of state agricultural value are at 

least marginally significant across model forms, while right to work legislation is 

significant for pooled OLS models.  Lease and transfer is the only markets as politics 

measure that is significant across tobacco types.  Baled sales are significant in at least one 

model form for flue-cured and other non-cigar tobacco, and the proportion of state 

production under price support is significant for aggregated tobacco but none of the 

tobacco types.  In summary, surprisingly few policy measures are significant for the pork 

industry, right to work legislation was not anticipated to be as important as indicated, and 
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no preference for policy measures or less direct measures of predispositions toward 

policy positions is common between the industries.   

This summary presents results for farm structure that exhibit consistently 

significant effects across both model form and some structure measures.  The numbers of 

all farms, small farms, and large farms, and the average farm size for the particular 

industry measured aspects of farm structure as separate dependent variables.  The 

significance of the control variables relies heavily on the number of perspectives modeled 

and the dependent variable under review.  For the pork industry, farm wages generally 

are significant for all and large farms in the fixed effects models, prices are significant for 

all farms across model forms, and litter size and price is significant for two structure 

variables in the fixed effects form.  The inclusion of the global commodity chains 

variables eliminates the significance of the control variables with the exception of the hog 

to feed ratio in a single model.  Incorporation of the markets as politics perspective 

produces significance for farm wages for large farms, litter size for average farm size, 

and hog price for all farms.  In addition, farm wages are significant for all farms, and both 

litter size and prices are significant for small farms, all with the fixed effects form.  The 

use of all perspectives produces significant effects for only litter size and feed costs, in 

conjunction with average farm size and the fixed effects form.  OLS models generate 

numerous significant control variables for at least three of the four dependent variables. 

In contrast to the pork industry, no control variables are significant across model 

farms for tobacco, though land value is marginally and positively associated with average 

farm size and both farm wages and property taxes are significant for at least one 
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dependent variable and model form.  The addition of the global commodity chains 

variables improves the significance of some control variables.  Land value is significant 

for average farm size, property taxes are significant for large farms, and tobacco price is 

at least marginally significant for small farms and average farm size, all across model 

forms.  The addition of the markets as politics variables also improves significance in 

several cases.  Land value and tobacco prices are significant for average farm size.  Farm 

wages and land values are significant for all but large farms in the OLS models, and 

tobacco yield is significant for all and small farms in the OLS models.  The incorporation 

of all perspectives reduces significance across model forms to land values for average 

farms and property taxes for large farms.  Land values are also significant for all farms 

and yield is significant for all but average farm size in the OLS models.  Finally, taxes are 

significant for both small and large farms with the fixed effects form. 

Trade measures generally are significant for both industries, although the 

importance of final and intermediate product trade varies between the industries.  Pork 

trade is at least marginally significant for average size and for all farms with the fixed 

effects models. With the use of all perspectives, pork trade becomes significant for each 

farm type in the OLS models.  Only total hog trade is significant for all but small farms 

with the inclusion of each perspective and with the OLS model form.  Raw tobacco trade 

is at least marginally significant for large farms and average size with the inclusion of the 

global commodity chains variables.  Cigarette trade is at least marginally significant for 

at least two structure measures across model forms, while other product trade generally is 
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significant for all but small farms in one or both model forms, whether or not all 

perspectives are incorporated. 

 Measures of concentration are generally consistent with the additional 

incorporation of the markets as politics variables in the cases of both industries.  Further, 

these measures indicate that states with high proportions of particular types of farms are 

associated with the presence of these farms as represented by a count of those farms.  The 

proportion of farms composed of small farms is at least marginally significant in the fixed 

effects form whether or not the markets as politics variables are also included.  With the 

inclusion of all perspectives, large farms are also significant for average farm size in both 

model forms.  For the tobacco industry, a disproportionate presence of small farms is 

significant for the counts of small and large, while a disproportionate presence of large 

farms is significant for the counts of large farms and average farm size.  The inclusion of 

the markets as politics variables does not affect these results. 

The significance of policy measures depends especially on the model form 

employed, with pooled OLS models producing extensive amounts of significance.  As it  

is likely this is in part a product of the reduced sample size, this summary further 

constrains presentation to fixed effects results.  Anti-corporate farm and right to work 

legislation, the allowance of vertical integration, farm moratoria, and hog farming’s share 

of agricultural value are significant for at least one structure measure when the global 

commodity chains measures are not included for the pork industry.  With all perspectives, 

a change in the directionality of the right to work legislation effect for average farm size 

in the fixed effects model changes, but no changes in significance are evident.   
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The covariation of farm size, tobacco type, and applicable policy complicates the 

analysis of the markets as politics perspective because farm structure variables cannot be 

disaggregated by tobacco type.  With the incorporation of the policy measures, the 

proportion of state production covered by price support, baled burley sales, and tobacco 

as a proportion of agricultural value are significant for large farms, while flue-cured lease 

and transfer, marketing quotas for both types, and baled sales are at least marginally 

significant for average size.  Burley lease and transfer is also significant for all and small 

farms.  The addition of the global commodity chains variables changes the significance of 

a number of variables.  Flue-cured marketing quotas, baled burley sales, cross county 

lease, and tobacco as a proportion of agricultural value are significant across model forms 

for large farms, and burley lease and transfer is significant for all farms.  Baled flue-cured 

sales are at least marginally significant for all farms.  In summary, the erratic presence of 

significance among policy measures suggests that identified effects may not be reliable. 

7.2 Study Limitations and Future Directions 

Several important and unanticipated issues limit this study to various degrees.  

Case selection may be the most important because the choice of industry contexts may 

alter the observed relationships between agricultural production and the independent 

variables.  First, the period captured for this study encompasses the most recent wave of 

globalization, but the two industries depart substantially from this general statement.  

Substantial tobacco trade extends to the early twentieth century due to the diffusion of 

cigarettes, and in particular American-style cigarettes, as the modal form of consumption 

as well as the inclusion of Oriental tobacco in this form.  By contrast, pork and hog trade 
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was limited to specialty products except during wartime and until recently.  As a result, 

the connection between global markets and domestic policy would vary across industries. 

Second, the absence of price support for the pork industry also produced a 

difference between these industries in the formative role of past policy to current policy 

and may be related to the persistence of policy after the Korean War.  Support ended for 

hog farming but continued to affect the evolution of the tobacco support system.  By the 

1960s, policy was directed toward both the support of farm income and the mitigation of 

the effects of intervention as manifested in quota decline and the separation of the 

interests of quota owners from tobacco growers.  A generational shift and the 

depopulation of rural areas, coupled with a decline in the competitiveness of American 

exports and the substitution of foreign supplies, exacerbated the division between owners 

and growers and provided the impetus for consolidation into fewer and larger farms.  But, 

the interests of owners were manifested in the prohibition of cross-county lease, which 

arrested the historical shift of acreage toward the coastal plain.  The development of farm 

moratoria in the pork industry is a comparable policy outcome of economic phenomena, 

but in general, the origin of policy differs between the two industries. 

The statistical analysis revealed an unexpectedly low number of variables in 

common to both industries.  Each industry possesses comparable measures of the global 

commodity chains perspective and a few comparable control measures, but industry-

specific control and policy measures eliminated the ability of the study to pool industries.  

While this does not limit the validity of the assessment of the perspectives, it also does 

not limit  the importance of context to the perspectives.  Limitation of the field of inquiry 
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to similar industries, such as livestock industries or industries that operate under price 

support, would likely increase the comparability of measures and may address the case 

selection issues discussed above. 

The incorporation of nation-level trade measures raises the practical issue of data 

availability at the level of analysis and the conceptual issue of the connection between 

production and consumption at a subnational level.  The practical issue of data at levels 

of analysis other than that of the dependent variable is problematic given the employed 

model forms but is limited by this study to trade measures and several alternative 

measures.  Further, this problem was mitigated by interaction with a state-level measure 

of industry presence under the assumption that the effects of trade are proportional to the 

share of national production represented by the state.  The conceptual question of where 

the boundary of a market or of economic activity is assumed in this study to be national 

in the given time period and specific industries used in this study.  Certainly a national 

market or major regional market was necessary to the formation of the Chicago-centric 

packer industry in the late 19th century, and the longstanding importance of tobacco trade 

to domestic industry dates earlier.  However, the consumption of local production 

continues to this day for many agricultural products.  Case selection was strategic in its 

exclusion of states that were not at least potentially central to the national industry.  

However, this issue further contextualizes the research findings to this type of case, and 

the incorporation of states not central to the industry may produce important departures. 

This study limits statistical assessment of the markets as politics perspective to its 

direct effects on subsequent developments among agricultural producers, to its action 
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through enacted policies, and by the disassociation of the effects of policy from the origin 

of policy.  The historical narrative of agricultural policy development and associated 

industry characteristics performs much of the necessary heavy lifting for the validation of 

the perspective as a more complex exchange between industry actors, market crises, and 

especially state lawmakers, while the statistical analysis uses this validation to assess the 

impact of policy.  Certainly, the evidence suggests connections between the 

characteristics of policies and industries.  For example, small farms remain relatively 

important to the pork industry in the Midwest, as indicated by a number of policies aimed 

toward the protection of small farmers (Pfeffer 1983).  The rights of quota owners were 

preserved except in extreme cases, as indicated by the forced sale of quota by non-

producing owners, within the flue-cured tobacco industry and only after prolonged 

competitive decline.  However statistical assessment of these causal connections was not 

conducted by this study.  At least two means of causal assessment are available. 

First, an initial stage of analysis could be introduced prior to that presented in 

chapter 6.  This stage would model policy outcomes as the dependent variable and the 

relevant economic and environmental characteristics of industries as the primary 

independent variables.  Some of these variables, such as the historical era at that point in 

time, transcend individual policies and aggregately represent broad movements in policy.  

As many of the policy outcomes are dichotomous in classification, event history analysis 

would be one logical model form, albeit one that would entail the production of separate 

models for each policy.  A second strategy that is used by Metcalfe (2000a) would model 

an additive index of dichotomous outcomes.  This strategy reduces the number of models 
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and conveys the image of the markets as politics perspective as a relative measure of 

policy presence in all its facets.  However, this strategy also runs the risks of flattening 

potential differences in the origins of specific policies.  For example, whether 

environmental outcomes and anti-packer outcomes originate from different industry 

characteristics would not be assessed. 

Structural equation modeling is a second approach that would allow for the 

assessment of each perspective and, where present, multiple causal stages of a single 

perspective.  Structural equation models simultaneously estimate the variance placed on 

variables with confirmatory factor analysis and the causal relationships among variables 

structured as causal pathways.  The benefit to this method is its ability to disaggregate the 

effects of variables, such as the economic characteristics of industries, as they operate 

independently or through policy for example.  The most important contribution would be 

the assessment of the potential for mediating effects of one perspective on another. 

Any study that approaches recent history runs the risk of falling midway through 

a transition between temporary states.  The last year of this study falls one year after the 

end of tobacco price supports, and to what extent the development of contract farming 

will reshape the pork industry into the mold of the chicken industry remains a point of 

debate.  In fact, the 2005 low of 645 million pounds of tobacco production increased to 

822 million pounds by 2009, prices approached levels experienced in the early 2000s, 

and average yields per acre increased (USDA NASS various years (d)).  Similarly, 

increased farm size and the diffusion of contract farming among hog farmers in the Corn 

Belt accompany the final years of this study.  It remains to be seen to what extent 
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differences among agricultural producers at a spatial level disappear.  However, findings 

suggest that the context within which industries operate plays an important role in the 

shape of relations between industry actors.  This study privileged the political context and 

specifically its relation to actors within industries.  Relatively less attention was devoted 

to other societal interests, though these interests were manifested in cases like 

environmental and right to farm legislation.  Martín (2001) among others ties the 

mechanization of the processing tomato industry and the stratification of farm work by 

race to the end of the Bracero program and the conception of manual farm labor as 

distinctly Hispanic in character.  With the increased salience of environment and 

sustainability, future research should incorporate both the impacts produced by societal 

actors and the multiple means by which these concerns are translated into concrete 

organizational changes.
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Appendix A. Data Definition, Compilation, and Conversion 

Compilation of data for the study relied on fixed definitions of trade products, 

farms, and a narrow definition that isolates the industry from other related industries.  

Due to data limitations, the wide variety of data sources employed, and classification 

changes within series, definitions were constructed through a series of procedures that 

maintained a reasonable case definition that was consistent over the study period.  This 

appendix details the specific procedures and difficulties encountered during the 

construction of the study data and organized by general data source.  First, procedures for 

the construction of agricultural data from the Census of Agriculture are detailed.  Second, 

specific definitions of the manufacturing component of the case industries are developed 

from the Census of Manufactures.  Finally, intermediate and final product trade 

categories for the industries are generated. 

A.1 Defining Farms, Acreages, Land Types, and Size Groups 

This section details the procedures employed to generate consistent agricultural 

measures over the study period.  The definition of the farm changed several times, and 

with it, the amount of acreage within farms.  The definitions of pastureland, cropland, and 

other types of farmland also changed to some extent.  Finally, farms generally grew 

larger and less diversified over the study period (Dmitri, Effland, and Conklin 2005).  As 

a result, the size groups used to stratify farms also changed over time. 
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A.1.1 Defining the Farm 

Counts of farms are generally available for size groups in both industries over the 

study period.  In 1974, only commercial farms, defined as farms with at least $2,500 in 

product sales, were reported by size group for the tobacco industry.  These farms 

represent the vast majority of production and sales, but the overwhelming numbers of 

small farms within the tobacco industry biases this as a measure.  All farms, farms less 

than one acre in size, and farms between one and two acres in size were reported.   

All farms less than two acres in size were subtracted from the total number of 

tobacco farms.  Next, all commercial farms less than two acres in size were subtracted 

from the total number of commercial tobacco farms.  In addition, all commercial farms in 

the remaining size groups were subtracted from the total number of farms.  The result is 

the number of unaccounted for farms between the commercial farm count and the total 

count.  This number was allocated proportionally by the count of commercial farms in 

each estimated size group.  This procedure biases the estimate toward larger farms and 

may introduce state level bias due to the variable presence of small and commercial farms 

at that level.  However, this procedure is an improvement over the use of commercial 

farm statistics because it adds some small farms not otherwise included.  Table A.1 

illustrates the difference between the estimate and commercial farm statistics.  In most 

cases, ,the difference between the estimate and the count of all commercial farms greater 

than two acres in size is less than four percent of all state farms. 
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Table A.1: Tobacco Farms, All and Commercial Larger than 2 Acres, 1974 

Entity 
All farms > 2 

acres 
Commercial 

farms >2 acres 
Ratio, commercial farms > 2 

acres to all farms >2 acres 
United States 103,535 101,460 1.020 
Kentucky 30,993 30,488 1.017 
Maryland 2,224 2,026 1.098 
North Carolina 35,255 34,873 1.011 
South Carolina 5,381 5,311 1.013 
Tennessee 7,200 6,957 1.035 
Virginia 8,508 8,238 1.033 

Source: Author’s calculations, based on Bureau of the Census various years (b) [1974] 

A.1.2 Acreages 

The same absence of information in 1969 and 1974 hampered the compilation of 

acreage for tobacco farms.  For 1969, farm counts were available for all relevant size 

groups.  However, only total acreage, acreage for farms greater than 50 acres in size, and 

acreage by commercial farm size group were reported.  To estimate total farm acreage, 

acreage for farms greater than 50 acres in size was subtracted from the total.  For each 

farm size, the total number of farms were converted to ratios of all tobacco farms at the 

state level by dividing these categories by the number of commercial operations for each 

category.  These ratios were multiplied to each category’s commercial acreage, which 

produced an initial estimate of acreage for each farm size.  Finally, because the acreage 

estimates produce a net result larger than the actual total for all size groups, all size group 

acreages are adjusted for this by multiplying the ratio of total acres to the initial estimate. 

For 1974, acreage for farms less than two acres in size is only available for 

commercial farms, even though commercial and non-commercial farm counts are 

available.  For each size group less than two acres, the total number of farms is divided 

into the commercial farm count for the same size group and then multiplied by the  



 

 292 

commercial acreage for that size group to adjust for the low acreage of small farms. 

Once the acreage estimates are generated for small farms, they are subtracted 

from the total number of acres for all farms.  This figure is divided by total acreage for all 

commercial farms larger than two acres.  That ratio is then multiplied by each remaining 

size group to adjust for the acreage that is not commercial but is not estimated as a part of 

farms less than two acres.  Table A.2 provides these ratios and the differences not 

accounted for.  These ratios are very close to 1, and the differences are not substantial.   

A.1.3 Farm Size Groups 

Tobacco and hog farm operations and operations by size group are available for 

the entire study period from the Census of Agriculture.  But due to the long time frame, 

many of the specific categories utilized change across Census years.  To establish 

consistency across years, two choices were made.  First, large farms were defined as 

possessive of at least 10 acres of harvested tobacco or 1,000 hogs marketed or on farm 

Table A.2: Estimates of Acreage and Farm Ratios for Small Farms, 1974 

Entity 

Ratio, all 
farms to 
comm. 

farms, <1 
acre 

Ratio, all 
farms to 
comm.. 

farms, 1-2 
acres 

Ratio, 
acreage, 
all farms 
to comm. 
farms, >2 

acres 

Reported 
acreage, 
comm. 

farms <2 
acres 

Estimated 
acreage, all 
farms <2 

acres 

Difference 
all farms 

and comm. 
farms after 
estim., <2 
acre farms 

United States 2.916 1.327 1.001 51,524 85,597 999 
Kentucky 2.750 1.253 0.997 24,936 38,025 -459 
Maryland 5.625 3.959 1.026 67 274 503 
North 
Carolina 4.564 1.528 1.002 4,218 8,275 

582 

South 
Carolina 3.919 1.710 1.001 690 1,374 

-100 

Tennessee 3.051 1.316 0.981 12,633 22,599 522 
Viginia 3.645 1.557 1.005 3,314 6,710 294 

Source: Author’s calculations, based on Bureau of the Census various years (b) [1974] 
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for tobacco farms, hog farms with sales, and hog farms with inventory respectively.  

What constitutes a large farm changes with organizational capacity, industry 

characteristics, and technology, and consistency conflicts with an accurate reflection of 

reality to some extent.  Second, where tobacco farms larger than 50 acres in size are 

measured, these figures include farms between 40 and 50 acres in size for 1969 and 1974 

due to the different categories used in the data source. 

A.1.4 Land Use Estimation 

To gauge the relative presence of crop and livestock production for the markets as 

politics perspective, total land area and usage information was collected.  For 1969 and 

1974, most acreage and production information was tabulated only for commercial farms.  

Land use measures are estimated based on the proportion of acreage captured by 

commercial farms and the distributions of these farms by size compared with all farms.  

In the case of pastureland, the sum of the acreages of cropland used for pasture by all 

farms, the estimate of pasture existing in woodlands, and stand-alone pastureland is used.  

For the latter two land types, the inverse of the proportion of pasture and woodland 

contained by commercial farms is multiplied by the acreage figures for pastured 

woodland and pastureland for all farms respectively.  This procedure assumes that 

pastured woodland and pastureland make up the same proportions of total woodlands and 

total land not falling into woodlands or croplands for all farms and for commercial farms 

alike.  Table A.3 provides the proportion of total woodland other types of land in 

commercial farms, and the proportion of these lands composed of pastureland in1974.   
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Table A.3: Proportion of All Woodland and Other Land in Commercial 
Farms and Proportion of these Lands Pastured, 1974 

State 

Woodlands 
falling into 
commercial 

farms 

Other lands 
falling into 
commercial 

farms 

Commercial, 
prop. woodland 

pastured 

Commercial, 
prop. other 

lands pastured 
United States 0.74 0.87 0.49 0.92 
Illinois 0.76 0.81 0.40 0.61 
Iowa 0.86 0.85 0.19 0.50 
Maryland 0.82 0.78 0.22 0.47 
Minnesota 0.80 0.78 0.30 0.52 
North Carolina 0.69 0.72 0.42 0.63 
South Carolina 0.78 0.82 0.29 0.77 
Virginia 0.91 0.94 0.47 0.46 
Texas 0.94 0.96 0.69 0.50 
Virginia 0.85 0.92 0.53 0.41 

Source: Author’s calculations, based on Bureau of the Census various years (b) [1974] 

A.2 Industry Definitions and Compilation 

Complications in the compilation of manufacturer data arose because of a 

transition in classification systems during the study period, a mismatch between Census 

of Manufactures and Census of Agriculture years, the absence of data for a number of 

years, and the aggregation of pork manufacture with other non-poultry meats.  

Interpolation was used to correct for the absence of data only when the duration of 

missing data was short and when non-Census year data was generally available through 

the Annual Survey of Manufactures.  This almost exclusively used for the employment 

series, and only for the meat processing industry.  By contrast, the relatively few 

producers and concentrated nature of production in the tobacco industry could not be 

reliably supplemented.  This section details the procedures used to produce measures of 

manufacture production and manufacturers. 
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A.2.1 Industry Classifications and Schema Change 

The classification system for manufactured products changes in 1997, when the 

North American Industrial Classification System (NAICS) replaced the Standard 

Industrial Classification (SIC) system.  Most data used in the study are collected at the 4-

digit SIC level or 6-digit NAICS level.  However, the pork industry can only be roughly 

disaggregated from the larger meat packing industry with the use of product data.  As 

discussed in chapter 3, establishments, employment, and value added of the pork industry 

are estimated from the proportion of the total value of shipments of pork and pork related 

products.  Table A.4 displays the industry and product codes used to define the two 

industries in this study and the two classification systems. 

A.2.2 Census Year Adjustments 

Many of the variables in this study only appear on Census years and are not 

interpolated for off-Census years.  Measures of the agricultural and manufacturing sector 

must be available for the same years for statistical inference.  Unfortunately, the Census 

of Manufactures and the Census of Agriculture typically fall on different years.  Chapter 

6 solves the problem of unevenly spaced Census years by setting the time component of 

time series analysis as the Census period, rather than the year, for the analyses.  By 

extension, the Census period, sequentially numbered beginning with the 1959 Census of 

Agriculture, captures fewer and wider periods than annual series.  This study adjusted the 

years for the Census of Manufactures data so they aligned with Census of Agriculture 

years.  Table A.5 displays the original Census year and the Census year used in analysis. 
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Table A.4: Industry and Product Codes for the Pork and Tobacco Industries 

1987 SIC 1997 NAICS 
Industry Codes: Pork Industry 

2011 
Meat packing plants (except 
poultry) 311611 

Animal (except poultry) 
slaughtering 

2013 Sausages, prepared meats 311612 Meat processed from carcasses 

  311613 
Rendering and meat byproduct 
processing 

 
Industry Codes: Tobacco Industry 
2111 Cigarettes 31221 Tobacco stemming and redrying 
2121 Cigars 312221 Cigarettes 
2131 Other tobacco products 312229 Other tobacco products 

2141 
Tobacco stemming and 
redrying   

    
Product Codes: Pork Industry 
20114 Pork, fresh and frozen 311611A Pork, fresh and frozen 

20116 
Pork, processed or cured, made 
in meat packing plants 311611G 

Pork, processed or cured, made in 
meat packing plants 

20117 
Sausages and similar products, 
made in meat packing plants 311611J 

Sausages and similar products, 
made in meat packing plants 

20118 Canned meats, by slaughterers 3116121 
Pork, processed or cured, made 
from purchased carcasses 

20136 
Pork, processed or cured, not 
made by packers 3116124 

Sausages and similar products, 
made from purchased carcasses 

20137 
Sausages and similar products, 
not made by slaughterers 3116127 

Canned meats, made from 
purchased carcasses 

20138 
Canned meats, not made by 
slaughterers   

    
Product Codes: Tobacco Industry 

21110 Cigarettes 3122101 
Unstemmed leaf. redried and 
packed 

21210 Cigars 3122104 Stemmed 
21310 Other tobacco products 3122210 Cigarettes 
21411 Unstem. leaf. redried, packed 3122291 Cigars 
21412 Stemmed 3122294 Other tobacco products 
21413 Reconstituted 3122297 Reconstituted 
21410 Not specified by kind   

Source: U. S. Department of Commerce 1989, 1999 
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Table A.5: Census Period and Census of Manufactures Years Used in Study 

Census Period 
Census of Agriculture/ Adjusted Census of 
Manufactures 

Original Census of 
Manufactures 

1 1959 1958 
2 1964 1963 
3 1969 1967 
4 1974 1972 
5 1978 1977 
6 1982 1982 
7 1987 1987 
8 1992 1992 
9 1997 1997 

10 2002 2002 
Source: Bureau of the Census various years (b); USDA various years (b) 

A.3 Product Trade Definitions, Schema, and Conversion 

Classification of imports and exports vary by level of detail, schema, and the 

operative schema at each time point (USITC 1988).  Only after the transition to the 

Harmonized System (HS) in 1989 did imports and exports fall into similar categories and 

levels of aggregation, though some difference in the level of detail persisted.  Table A.6 

details the commodity codes utilized in each classification system for each product used 

in the study, and table A.7 displays similar codes for imports.  It is important to note that 

sausage and canned meat exports were not available at a detail sufficient for the isolation 

pork-based products for part of the study period.
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Table A.6: Export Classification Codes1 

 1959-1964 1965-1977 1978-1988 1989-2005 
 Sch. B SITC (1961) Schedule B HS 
Pork Industry      
Agriculture     
Live swine 00130 0013000 1008300 010310, 010391, 010392 
     
Manufactures     

Pork, fresh, chilled, 
frozen 00270 

0113010, 0113020, 
0113030, 0116040, 
0116045 

1064020, 1064040, 
1064060, 1069200, 
1069400, 1073715 

020311, 020312, 020319, 020321, 
020322, 020329, 020630, 020641, 
020649, 020900 

Hams, bacon, etc. not 
preserved or processed2 

00280, 
00290, 
00325,  

0121010, 0121020, 
0121030, 0121040 1073740, 1073750 021011, 021012, 021019 

Pork sausage, fresh and 
not fresh, or canned     
Canned cooked hams, 
shoulders, preserved 
prod.  

00371, 
00379  1073725, 1073770 160241, 160242, 160249 

 
 
 
 
 
 
 

                                                 

1 10 digit HS codes are collapsed variously to the 6 and 8 digit levels where possible. 
2 Processing and preservation encompasses canning, boning, canning, and turning into sausage. 
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Table A.6 continued 
 1959-1964 1965-1977 1978-1988 1989-2005 
 Schedule B SITC (1961) Schedule B HS 
Tobacco Industry 
Agriculture     

Cigar leaf and 
scrap, all types 

26103, 26105, 
26109, 26112, 
26114, 26115, 
26130, 26150, 
26190 

1210060, 1210065, 
1210070, 1210075, 
1210080, 1210085, 
1210090 

1701220, 1701240, 
1704235, 1704240, 
1704245, 1704300, 
1705100 

24011020, 24011053, 24011090, 
24012020, 24012029, 2401204070, 
2401204092, 24012045, 2401205000, 
2401205070, 2401205092, 
2401205098, 2401205592, 24012060, 
2401208070-2401208080, 24012090, 
24013050, 24013090, 240391 

Cigarette leaf, all 
types 

26011, 26015, 
26021, 26025, 
26033, 26040, 
26053, 26063, 
26073, 26080 

1210005, 1210010, 
1210015, 1210020, 
1210025, 1210030, 
1210035, 1210040, 
1210045, 1210050, 
1210055 

1703310, 1703320, 
1703330, 1703340, 
1703350, 1704205, 
1704210, 1704215, 
1704220, 1704225, 
1704230 

24011051, 24011060, 24011070, 
24011080, 24011095, 24012028, 
24012030, 2401204010-2401204060, 
2401205040-2401205060, 2401205560, 
2401208010-2401208060 

     
Manufactures     
Cigars and cheroots 26200 1221000 1706720, 1706740 240210, 240290 
Cigarettes 26220 1222000 1706500 240220 
Snuff, other 
tobacco products 

26235, 26250, 
26295 

1223010, 1223020, 
1223030 

1707900, 1708120, 
1708140, 1708160 240310, 240399 

Sources: U.S. Bureau of the Census 2009a;USITC 1987, 1988, 2005 
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Table A.7: Import Classification Codes3 

 
1959-1963 
(June) 

1963 (Jul-Dec), 1965-
1970, 1972-1988 1964, 1971 1989-2005 

 Sch. A TSUSA Sch. A HS 
Pork Industry      
Agriculture     
Live swine 0013000 10085 0013000 010310, 010391, 010392 
     
Manufactures     

Pork, fresh, chilled, 
frozen 

0200000, 
0200100, 
0200500 10640 0113000 

020311, 020312, 020319, 020321, 020322, 020329, 
020630, 020641, 020649, 020900 
 

Hams, bacon, etc. not 
preserved or 
processed4 0031200 1073020 

0121020, 
0121040, 
0121060 021011, 021012, 021019 

Pork sausage, fresh 
and not fresh, or 
canned 0031400 

10710, 10715, 10720, 
10725 
 0134020 1601002000, 1601002010, 1601002090 

Canned cooked hams, 
shoulders, preserved 
prod.  

0031800, 
0031990 10735 

0139020, 
0139030, 
0139040 160241, 160242, 160249 

 
 
 
 
 

                                                 

3 7 digit TSUSA codes are collapsed to the 5 digit level.  10 digit HS codes are collapsed variously to the 6 and 8 digit levels where possible. 
4 Processing and preservation encompasses canning, boning, canning, and turning into sausage. 
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Table A.7 continued 

 
1959-1963 
(June) 

1963 (Jul-Dec), 1965-
1970, 1972-1988 1964, 1971 1989-2005 

 Sch. A TSUSA Sch. A HS6 
Tobacco Industry 
Agriculture     

Cigar leaf and 
scrap, all types 

2601000, 
2603000, 
2604000, 
2609000, 
2610000 

17001, 17005, 17008, 
17009, 17010, 17012, 
17013, 17015, 17020, 
17022, 17025, 17026, 
17027, 17040, 17042-
17050, 17055, 17060-
17064 

1210010, 
1210020, 
1210040, 
1210050, 
1210060, 
1210070 

24011020, 24011021, 24011029, 24011048, 24011053, 
24011060, 24011061, 2401108040, 2401108050, 
24012014, 24012018, 24012020, 24012029, 24012031, 
2401204070-2401204085, 24012045, 2401205070-
2401205085, 2401205595, 24012060, 2401208070, 
24012083, 240130, 24039120, 24039140, 24039143 

Cigarette leaf, all 
types 

2605000, 
2605100, 
2605200, 
2605500, 
2605900 

17028, 17030, 17032, 
17031, 17032, 17034, 
17035, 17037 1210030 

24011040, 24011044, 24011063, 24011065, 2401108010, 
2401108020, 2401108060, 24011090, 24011095, 
24012005, 24012023, 24012026, 24012030, 24012033, 
24012035, 2401204010-2101204050, 2401204095, 
2401205040-2401205060, 2401205095, 2401205542, 
24012057, 24012075, 2401208010-2401208060, 
2401208080, 24012085, 24012087, 24039145, 24039147 

     
Manufactures    
Cigars and 
cheroots 2621000 

17066, 17068, 17069, 
17070, 17072, 17074 1221000 240210, 240290 

Cigarettes 2623000 17065, 17067 1222000 240220 
Snuff, other 
products 

2629100, 
2629900 

17075, 17076, 17078, 
17080 1223000 240310, 240399 

Sources: U.S. Bureau of the Census 2009a;USITC 1987, 1988, 2005
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Appendix B. Variable Selection and Model Evaluation 

Analyses and corrective steps were undertaken prior to and during the statistical 

modeling analyses presented in chapter 6.  The specific problems addressed include non-

normality in the dependent variables, choices between measures purported to capture the 

same concept, and post-regression analysis.  Dependent variable normality and selection 

is discussed first.  Next, correlations of alternate measures for each perspective or 

variable type are presented.  Finally, supplementary analyses are presented and discussed 

to compensate for potential weaknesses in the models presented in chapter 6. 

B.1 Dependent Variable Diagnostics  

Non-normality in the dependent variable is problematic because it leads to 

inefficient estimation of confidence intervals, z scores, and parameter estimates.  The 

natural log and similar transformations are suggested by the presence of positive skew 

(Evans 1983:140-142; Row, Irwin, and Sharp 2002).  The Stata “ladder” command 

compares transformations based on the ladder of powers (Tukey 1977) to the normal 

distribution with the Shapiro-Wilk “sktest” command.  The lowest Χ2 statistic generated 

among the transformations is preferred, and when Χ2 is not significant, the null 

hypothesis that the transformation differs from the normal distribution cannot be rejected.   

B.1.1 Linear Transformation Options for the Dependent Variable 

Tables B.1 and B.2 display the skewness and kurtosis figures for the dependent 

variable alternatives employed by the study.  A normal distribution is defined by a 

skewness of 0 and a kurtosis of 3.  Positive skew indicates a skew toward the lower end 
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of the x axis, while a kurtosis of less than 3 indicates a peak that is lower than that of the 

normal distribution.  High kurtosis generally indicates the presence of outliers and may 

be especially influential in the estimation of parameters.   Kurtosis is generally high for 

first differenced production measures and for all farm structure measures, and a clear 

positive skew is present across the measures. 

Tables B.3 and B.4 display the Χ2 statistic for the original variable, the natural log 

transformation, and the best performing transformation for each dependent variable.  

Reported p values indicate the probability that the variable is distributed significantly 

differently from the normal distribution.  Evidence in support of natural log 

Table B.1: Skewness and Kurtosis Figures for Measures of Production 

 Original Measures First Differenced 
 N Skewness Kurtosis N Skewness Kurtosis 
Hogs 
Inventory 240 .8331 2.4255 235 .3879 6.6230 
Production 240 .8370 2.7145 235 1.0159 8.1249 
Production, % 
US 240 .7412 2.3098 235 1.0251 7.3625 
Value of 
production 240 1.2466 3.8762 235 .4661 11.4071 
Marketings 240 .7705 2.5602 235 1.1211 7.1038 
       
Tobacco – Production 
All types 287 1.2989 3.6806 281 .8410 8.5578 
Flue-cured 144 1.0516 2.5348 141 .8388 7.3802 
Burley  192 1.2571 3.0877 188 .9315 13.7376 
Maryland 191 1.8519 4.9122 187 .2470 11.8817 
MD (MD state) 47 -.2521 1.7367 46 .2094 2.8440 
Other tobacco 144 -.0793 1.9446 141 .0381 3.9739 
 
Tobacco – Acreage 
All types 287 1.6473 5.4533 281 .3132 113.1563 
Flue-cured 144 1.2639 3.5078 141 .2521 61.7792 
Burley  192 1.1791 2.8855 188 1.6716 18.8363 
Maryland  191 2.0732 7.0153 187 1.6272 19.9920 
MD (MD state) 47 .8703 4.5525 46 .6848 5.4125 
Other tobacco 144 .3913 2.6585 141 .2262 4.4795 
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Table B.2: Skewness and Kurtosis Figures for Measures of Structure 

 Original Measures First Differenced 
 N Skewness Kurtosis N Skewness Kurtosis 
Hog Operations       
All Sizes       
  With inventory 50 1.5703 4.8446 45 3.3881 16.3490 
  With sales 50 1.5429 5.1265 45 1.1961 3.5526 
Small       
  With inventory 45 .7842 2.6663 40 .5161 2.6490 
      Prop. of state ops. 45 .3423 1.8199 40 .4849 7.0201 
  With sales 50 1.6714 4.8823 45 1.8496 5.5822 
      Prop. of state ops 50 .4151 1.8386 45 .4818 6.7909 
Large       
  With inventory 40 1.4078 4.4227 30 .5654 3.5208 
      Prop. of state ops. 40 2.0404 6.5831 30 2.3171 9.0802 
  With sales 40 1.4731 4.3550 30 .4535 6.3193 
      Prop. of state ops. 40 1.3973 4.1183 32 2.2173 9.0076 
       
Tobacco Operations       
All Sizes       
  Operations 60 1.1692 3.4534 54 1.1366 3.5579 
  Acreage 60 1.2660 3.4384 54 1.1148 6.1039 
Small       
  Operations, <1 acre 60 2.0764 6.6084 54 2.0820 8.9258 
      Prop. of state ops. 60 1.3755 4.6066 54 .5398 3.9944 
  Operations, <2 acres 60 1.7526 5.5738 54 2.3435 8.8246 
      Prop. of state ops. 60 .5332 2.3359 54 .2196 3.6354 
  Acreage, <1 acre 53 2.0368 6.6640 47 2.4504 13.1525 
      Prop. of state acres 53 2.8610 11.2794 47 1.4206 7.5510 
  Acreage, <2 acres 53 1.6059 5.0567 47 2.2996 9.9696 
      Prop. of state acres 53 1.8418 5.9175 47 1.0348 5.0305 
Large       
  Operations, >10 acres 60 2.2820 8.2117 54 .6323 10.4466 
      Prop. of state ops. 60 .7083 2.6504 54 .0623 3.2282 
  Operations, >50 acres 54 2.8354 11.1069 42 1.3137 13.3368 
      Prop. of state ops. 54 2.8047 10.6644 42 2.3760 10.3069 
  Acreage, >10 acres 53 1.8319 5.2282 47 .8427 6.1835 
      Prop. of state acres 53 -.2600 1.8065 47 .3573 2.9750 
  Acreage, >50 acres 47 3.4519 16.0338 35 3.0733 18.4610 
      Prop. of state acres 47 1.5969 5.0689 35 2.5186 9.7554 
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Table B.3: Χ2 Values for Transformations of Measures of Production 

Production Measures Identity Natural Log Best Transformation 
Hogs    
  Inventory 23.11*** 26.32*** Identity 
  Production 19.60*** 43.51*** Identity 
  Production, % US 23.47*** 31.44*** Identity 
  Value of production 36.89*** 40.52*** Sq. rt. – 14.59*** 
  Marketings 18.78*** 41.17*** Identity 
    
Tobacco    
  Production – all types 44.18*** 24.74*** Sq. rt. – 18.74*** 
  Production – flue-cured 18.01*** 38.09*** 1/sq. rt. – 3.50 
  Production – burley  27.55*** Not estimated 1/sq. rt. – 8.91 
  Production – Maryland  51.76*** Not estimated Sq. rt. – 34.39*** 
  Production – MD (MD state) 11.59** 13.85*** Sq. rt. – 4.75 
  Production – other tobacco 22.68*** 20.01*** Square – 12.07** 
    
  Acreage – all types 69.89*** 2.91 Natural log 
  Acreage – flue-cured 22.82*** 25.51*** 1/sq. rt. – 3.13 
  Acreage – burley  25.19*** Not estimated Identity 
  Acreage – Maryland  66.15*** Not estimated Sq. rt. – 32.56*** 
  Acreage – MD (MD state) 8.88* 19.39*** Sq. rt. – 4.34 
  Acreage  – other tobacco 22.68*** 20.01*** Square - 12.07** 

*** p<0.001 ** p<0.01 * p<0.05 

transformation is not generally present for hog production.  While several transformations 

perform better than the variable for tobacco production, no single transformation is 

consistent.  Hog operations most closely resemble a normal distribution when log 

transformed, and both natural log transformation and square root transformation more 

closely resemble the normal distribution than the original measure.  This study will use 

square root transformation and original specification for farm structure variables.  

Transformation will not be used for production or for first differenced variables. 



 

 306 

Table B.4: Χ2 Values for Transformations of Measures of Structure 

Structure Measures Identity Natural Log Best Transformation 
Hog Operations, All Sizes    
  With inventory 16.14*** 2.62 Natural log 
  With sales 16.45*** 3.70 Natural log 
    
Hog Operations, Small    
  With inventory 4.91 3.51 Natural log 
    Proportion of state ops. 8.82* 1.47 Natural log 
  With Sales 17.14*** 0.99 Natural log 
    Proportion of state ops. 9.86*** 2.33 Natural log 
    
Hog Operations, Large    
  Inventory 12.14** 4.25* Sq. rt. – 2.10 
    Proportion of state ops. 20.69*** 6.46* 1/sq. rt. – 5.54 
  Sales 12.53* 3.99 Sq. rt. – 2.84 
    Proportion of state ops. 11.48** 6.68** Sq. rt. – 4.19 
    
Tobacco Operations, All Sixes    
  Operations 10.75** 4.69 Natural log 
  Acreage 11.75** 10.68** Sq. rt. – 5.27 
    
Tobacco Operations, Small    
  Operations, <1 acre 26.70*** 5.87 Natural log 
    Proportion of state ops. 15.52 5.02** Square rt.–2.81 
  Operations, <2 acres 21.51*** 5.89 Sq. rt. - 5.45 
    Proportion of state ops. 9.54*** 8.48*** Identity 
  Acreage, on ops. <1 acre 24.43*** 5.52 Natural log 
    Proportion of state acreage 37.26*** 3.18 Natural log 
  Acreage, on ops. <2 acres 17.50*** 5.82 Square rt. - 4.34 
    Proportion of state acreage 21.36*** 4.52 Natural log 
    
Tobacco Operations, Large    
  Operations, >10 acres 31.22*** 3.29 Natural log 
    Proportion of state ops. 5.18 10.30** Identity 
  Operations, >50 acres 37.30*** Not estimated Sq. rt.-17.83*** 
    Proportion of state ops. 36.60*** Not estimated Sq.rt.–17.25*** 
  Acreage, on ops. >10 acres 19.96*** 0.65 Natural log 
    Proportion of state acreage 10.90** 10.96** Sq. rt. – 5.47 
  Acreage, on ops. >50 acres 42.54*** 0.23 Natural log 
    Proportion of state acreage 16.23*** 3.56 Natural log 

*** p<0.001 ** p<0.01 * p<0.05 

 

 



 

 307 

B.1.2 Correlation Measures of Dependent Variable Alternatives 

Several measures of the dependent variable were compared to evaluate the extent 

to which measure selection affects the model results.  A high degree of correlation among 

these measures implies the interchangeability of measures and a high degree of 

confidence in the variable selected.  Pairwise correlations are presented for production in 

table B.5 and for farm structure in table B.6.  Tables B.7 and B.8 presents these same 

correlations for first differenced variables used in the OLS models. 

Correlations between alternative measures are generally above 0.9, which 

suggests that variable choice is not a crucial factor to model estimation.  Three substantial 

Table B.5: Correlations for Alternative Production Measures, Original 
Measurements 

Hog Production 
 Inventory Production Prod., % US Value Marketings 
Inventory 1.000 (240)     
Production .984 (240) 1.000 (240)    
Production, 
% US .989 (240) .982 (240) 1.000 (240)   
Value .859 (240) .895 (240) .858 (240) 1.000 (240)  
Marketings .981 (240) .996 (240) .972 (240) .897 (240) 1.000 (240) 
      
Tobacco – All Types Tobacco  – Flue-cured 
 Production Acreage  Production Acreage 
Production 1.000 (287)  Production 1.000 (144)  
Acreage .940 (287) 1.000 (287) Acreage .925 (144) 1.000 (144) 
      
Tobacco  – Burley Tobacco  – Other Types 
 Production Acreage  Production Acreage 
Production 1.000 (192)  Production 1.000 (144)  
Acreage .986 (192) 1.000 (192) Acreage .889 (144) 1.000 (144) 
      
Tobacco  – Maryland Tobacco  – Maryland (MD state) 
 Production Acreage  Production Acreage 
Production 1.000 (191)  Production 1.000 (47)  
Acreage .905 (191) 1.000 (191) Acreage .626 (47) 1.000 (47) 

Pairwise correlations, observations in parentheses 
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Table B.6: Correlations for Alternative Structure Measures, Original 
Measurements 

Hog Operations, All Sizes Tobacco Operations, All Sizes 
 w/ Inventory w/ Sales  Farms Acreage 
w/ inventory 1.000 (50)  Farms 1.000 (60)  
w/ sales .938 (50) 1.000 (50) Acreage .633 (60) 1.000 (60)
 
Hogs, Small Operations 
 Number Proportion of state ops.  
 w/ inv. w/ sales w/ inv. w/ sales  
w/ inventory 1.000 (45)     
w/ sales .957 (45) 1.000 (50)    
Prop. state ops., inv. .104 (45) .066 (45) 1.000 (45)   
Prop. state ops., sales .131 (45) .317 (50) .975 (45) 1.000 (45)  
 
Hogs, Large Operations 
 Number Proportion of state ops.  
 w/ inv. w/ sales w/ inv. w/ sales  
w/ inventory 1.000 (40)     
w/ sales .946 (40) 1.000 (40)    
Prop. state ops., inv. .525 (40) .315 (40) 1.000 (40)   
Prop. state ops., sales .635 (40) .454 (40) .978 (40) 1.000 (41)  
 
Tobacco, Small Operations 
 Number of farms Proportion of state ops.  
 <1 acre <2 acres <1 acre <2 acres  
Farms, <1 acre 1.000 (60)     
Farms, <2 acres .978 (60) 1.000 (60)    
Prop. state op., <1 ac. .838 (60) .782 (60) 1.000 (60)   
Prop. state op., <2 ac. .772 (60) .763 (60) .956 (60) 1.000 (60)  
Acres, <1 acre .997 (53) .977 (53) .814 (53) .753 (53)  
Acres, <2 acres .931 (53) .989 (53) .695 (53) .711 (53)  
Prop. state ac., <1 ac. .837 (53) .729 (53) .929 (53) .813 (53)  
Prop. state ac., <2 ac. .860 (53) .804 (53) .950 (53) .908 (53)  

 
 Number of acres Proportion state acreage  
 <1 acre <2 acres <1 acre <2 acres  
Acres, <1 acre 1.000 (53)     
Acres, <2 acres .947 (53) 1.000 (53)    
Prop. state ac., <1 ac. .807 (53) .630 (53) 1.000 (53)   
Prop. state ac., <2 ac. .839 (53) .730 (53) .961 (53) 1.000 (53)  
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Table B.6 continued 
Tobacco, Large Operations 
 Number of farms Proportion of state ops.  
 >10 acres >50 acres >10 acres >50 acres  
Farms, >10 acres 1.000 (60)     
Farms, >50 acres .321 (54) 1.000 (54)    
Prop. state op., >10 a. .087 (60) .461 (54) 1.000 (53)   
Prop. state op., >50 a. -.093 (53) .486 (53) .770 (53) 1.000 (47)  
Acres, >10 acres .640 (53) .867 (47) .288 (53) .231 (47)  
Acres, >50 acres .277 (47) .951 (47) .391 (47) .423 (47)  
Prop. state acrg., >10 -.084 (53) .543 (47) .829 (53) .664 (47)  
Prop. state acrg.., >50 -.101 (47) .602 (47) .658 (47) .731 (47)  
      
 Number of acres Proportion state acreage  
 > 10 acres >50 acres >10 acres >50 acres  
Acres, >10 acres 1.000 (53)     
Acres, >50 acres .812 (47) 1.000 (47)    
Prop. state ac., >10 
acres .393 (53) .473 (47) 1.000 (53)   
Prop. state ac.., >50 
acres .364 (47) .656 (47) .742 (47) 1.000 (47)  

Pairwise correlations, observations in parentheses 

departures from this finding are present.  First, correlations between proportions and raw 

numbers are generally lower, which indicates that results will vary between these 

measures and both should be used in the study.  Second, substantial differences between 

the measures of small and large farms for the tobacco industry are present.  The 

differences between these measures are likely variable over time due to data limitations 

and the correlation results may also result from highly skewed variables.  Sample size 

considerations point toward the selection of the greater than ten acres measure for large 

farms.  Capping small farms at two acres, rather than one, is preferred because it 

increases comparability across states and tobacco types by reducing the type-specific 

farm size disparities that exist in the industry.  Finally, correlations between variables 

believed to measure the same concept are lower for first differenced measures. 
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Table B.7: Correlations for Alternative Production Measures, First 
Differenced 

Hog Production 
 Inventory Production Prod.,% US Value Marketgs. 
Inventory 1.000 (235)     
Production .506 (235) 1.000 (235)    
Prod. % US .289 (235) .515 (235) 1.000 (235)   
Value -.273 (235) -.132 (235) .253 (235) 1.000 (235)  
Marketings .803 (235) .849 (235) .459 (235) -.288 (235) 1.00 (235)
      
Tobacco – All Types Tobacco – Flue-cured 
 Production Acreage  Production Acreage 
Production 1.000 (281)  Production 1.000 (141)  
Acreage .245 (281) 1.000 (281) Acreage .189 (141) 1.00 (141)
      
Tobacco – Burley Tobacco – Other Types 
 Production Acreage  Production Acreage 
Production 1.000 (188)  Production 1.000 (141)  
Acreage .795 (188) 1.000 (188) Acreage .802 (141) 1.00 (141)
      
Tobacco – Maryland Tobacco – Maryland (MD state) 
 Production Acreage  Production Acreage 
Production 1.000 (187)  Production 1.000 (46)  
Acreage .765 (187) 1.000 (187) Acreage .756 (46) 1.000 (46)

Pairwise correlations, observations in parentheses  

B.2 Independent Variable Diagnostics and Alternatives 

The study includes a number of independent variables that were measured in 

several ways or were collected only for the United States and not for individual states.   

The latter issue is especially problematic because variables that are effectively invariant 

across panels cannot be incorporated in fixed effects panel analysis.  This section details 

the procedures used to construct state-level variables and provides the results of 

comparisons of alternative measures.  Unlike the dependent variable, normality in the 

independent variables is not required, and no corrective steps were implemented. 
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Table B.8: Correlations for Alternative Structure Measures, First Difference 

Hog Operations, All Sizes Tobacco Operations, All Sizes 
 w/ inv. w/ sales  Farms Acreage 
w/ inventory 1.000 (45)  Farms 1.000 (54)  
w/ sales .850 (45) 1.000 (45) Acreage .364 (54) 1.0 (54) 
      
Hogs, Small Operations 
 Number of farms Proportion of state ops.  
 w/ inv. w/ sales w/ inv. w/ sales  
w/ inventory 1.000 (40)     
w/ sales .558 (40) 1.000 (45)    
Prop. state ops. w/ inv. .184 (40) .086 (40) 1.000 (40)   
Prop. state ops. w/ sales .317 (40) .358 (45) .871 (40) 1.000 (45)  
      
Hogs, Large Operations 
 Number of farms Proportion of state ops.  
 w/ inv. w/ sales w/ inv. w/ sales  
w/ inventory 1.000 (40)     
w/ sales .298 (30) 1.000 (30)    
Prop. state ops. w/ inv. .508 (30) -.201 (30) 1.000 (40)   
Prop. state ops. w/ sales .561 (30) -.054 (30) .969 (30) 1.000 (30)  
      
Tobacco, Small Operations 
 Number of farms Proportion of state ops.  
 <1 acre <2 acres <1 acre <2 acres  
Farms, <1 acre 1.000 (54)     
Farms, <2 acres .963 (54) 1.000 (54)    
Prop. state ops., <1 acre .756 (54) .632 (54) 1.000 (54)   
Prop. state ops., <2 ac. .610 (54) .557 (54) .886 (54) 1.000 (54)  
Acres, <1 acre .977 (47) .936 (47) .732 (47) .593 (47)  
Acres, <2 acres .751 (47) .886 (47) .359 (47) .361 (47)  
Prop. state acrg., <1 ac. .810 (47) .646 (47) .896 (47) .695 (47)  
Prop. state acrg., <2 ac. .685 (47) .600 (47) .840 (47) .844 (47)  
 
 Number of acres Proportion state acreage  
 <1 acre >50 acres >10 acres >50 acres  
Acres, <1 acre 1.000 (47)     
Acres, <2 acres .821 (47) 1.000 (47)    
Prop. state acrg., <1 acre .767 (47) .361 (47) 1.000 (47)   
Prop. state acrg., <2 acre .670 (47) .400 (47) .850 (47) 1.000 (47)  
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Table B.8 continued 
Tobacco, Large Operations 
 Number of farms Proportion state ops.  
 >10 acres >50 acres >10 acres >50 acres  
Farms, >10 acres 1.000 (54)     
Farms, >50 acres .065 (42) 1.000 (42)    
Prop. state ops., >10 ac. .692 (54) .233 (42) 1.000 (54)   
Prop. state ops., >50 ac. -.001 (42) .528 (42) .357 (42) 1.000 (42)  
Acres, >10 acres .210 (47) .828 (35) .360 (47) .358 (35)  
Acres, >50 acres .075 (36) .950 (35) .251 (35) .511 (35)  
Prop. state acg., >10 ac, .059 (47) .324 (35) .250 (47) .102 (35)  
Prop. state acg., >50 ac. .053 (35) .674 (35) .341 (35) .634 (35)  
      
 Number of acres Proportion state acreage  
 >10 acres >50 acres >10 acres >50 acres  
Acres, >10 acres 1.000 (47)     
Acres, >50 acres .741 (35) 1.000 (35)    
Prop. state acrg., >10 .521 (47) .228 (35) 1.000 (47)   
Prop. state acrg.., >50 .476 (35) .747 (35) .266 (35) 1.000 (35)  

Pairwise correlations, observations in parentheses 

B.2.1 Control and Economic Variables 

Table B.9 displays correlations of alternative measures of wage rates.  The 

likelihood that farm wages are correlated with manufacturing wages is supported by the 

results.  For the pork industry, manufacturing wages, meat processing wages, and non-

poultry meat processing wages are highly correlated, as are manufacturing wages and 

wages for all tobacco product manufacture.  As multicollinearity will likely be a problem 

with the use of multiple wage measures, models may only use one wage measure. 

Measures of property taxes and farm wages are each compilations of multiple 

measures.  For property taxes, survey data were used to compute the effective, assessed 

property tax per hundred dollars of assessed value between 1958 and 1995 by DeBraal 

and Jones (1993).  After 1995, estimates of state and local property taxes collected were 

divided by estimates of agricultural land and building value (U.S. Bureau of the Census  
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Table B.9: Correlations between Alternate Measures of Wage Rates, Pork 
and Tobacco Industries 

Pork Industry 

 Farm wages Manufacturing Meat processing 
Non-poultry 
meatpacking 

Farm wages 1.000 (240)    
Manuf. wages .971 (240) 1.000 (240)   
Meat processing  .951 (240) .963 (240) 1.000 (240)  
Non-poultry meat 
processing  .953 (240) .963 (240) .987 (240) 1.000 (240) 
     
Tobacco Industry 

 Farm wages Manufacturing 
Tobacco product 
manufacture  

Farm wages 1.000 (288)    
Manuf. wages .986 (288) 1.000 (288)   
Tobacco 
manufacture  .965 (127) .970 (127) 1.000 (127)  

Pairwise correlations, observations in parentheses  

2009; U.S. Department of Agriculture various years (a)).  The source of tax receipts was 

not specific to agricultural producers, but instead included all taxpayers.  An estimate of 

the proportion collected from agricultural producers was fixed at the three-year average 

proportion, from 1993 through 1995, of the first series and at the level of states.  The 

United States average was just under 3%, and the range was from 0.8% for Maryland to 

nearly 16.8% for Iowa. 

State level farm wages are only available between 1974 and 1984.  All other years 

use regional farm wages measured on April 1 of that year where quarterly information 

was reported.  The figures for 1972 and 1973 are interpolated based on available national 

figures.  First, the proportion of wage change between 1971 and 1974 that occurred in 

each year for the United States was first calculated.  Next, that proportion was multiplied 

by the state-level change in wage rate between 1971 and 1974, and that value was added 
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to the wage rate the previous year.  While this calculation does not factor in the changing 

distribution of farm workers within the United States, the short period for which these 

estimates are used reduces the importance of this adjustment to the estimates. 

B.2.2 Global Value Chain Variables 

Central concepts of the global commodity chains perspective include industry 

roles, economic characteristics and their spatial distribution, and the expansion of 

markets and their effects on intra-industry relations.  As discussed in chapters 3 and 4, 

while some of these concepts are available at the state level, many are only available at 

the national level.  For those variables collected at the national level, interaction terms are 

generated that vary across panels.  Interpretation of interaction term effects is not 

performed.  Instead, the analyses focus on significance, relative magnitude of variable 

effects, and the interpretation of effects as produced by the combination of measures that 

represent the interaction terms. 

Table B.10 presents correlations of alternate measures for farm specialization in 

the pork industry, while table B.11 presents the same correlations for the tobacco 

industry.  Farm size is positively associated with specialization in the pork industry, 

particularly specialization into hog feeding.  In both cases, larger farms generally produce 

fewer types of crops.  Farms size is measured by inventory and sales for Census years 

and by the number of hogs either on-farm or marketed as alternative measures.  In 

addition, farms that retain breeding stock and that retain hogs and pigs that are not for 

breeding also serve as measures of farm specialization for Census years.  On an annual 

basis, the ratios of inshipments to the pig crop and to inventory were collected.  For the 
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tobacco industry, farms and acreages by size groups is available for Census years, and 

two size definitions for both small and large farms were evaluated.  Finally, the 

difference in the proportion of each farm type at the state and national levels are 

evaluated as alternative measures that reflect state-level specialization for both industries. 

Only a portion of the correlation matrices is shown in this table. 

Correlations are generally high among variables that are expected to capture the 

same concept, with correlations particularly high among the small farm measures.  

Correlations between farm size and ownership of breeding or feeding hogs are much 

lower and are negative in some cases.  Similarly, correlations between the annual 

inshipment data and measures of specialized farms are also not high.  This study uses 

both the ratio of inshipments to the pig crop and small and large farms as measured by 

sales.  For the tobacco industry, operations with less than two acres will represent small 

farms, while farms with more than ten acres will represent large farms.  For hog farms, 

small farms sell fewer than 100 hogs annually and large farms sell more than 1,000. 

The presence of manufacturers may be measured by the presence of industry 

establishments, the presence of large establishments, employment, and the value added 

produced by industry actors, each of which can be measured in absolute and relative 

terms.  It is not known which measure best represents the concept, but the correlations 

and sample sizes presented in table B.12 suggest that different measures will produce 

different results.  These measures as proportions of the nation, shown in table B.13, 

display similarly low correlation among alternate measures.  This study generally uses 

employment for the statistical models because of the relatively large sample size. 
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Table B.10: Correlations of Alternate Measures of Farm Size and 
Specialization, Pork Industry 

 Small Farms Large Farms 
By Count         

 
Inv., 
ops. 

Sales, 
ops. 

Inv., 
hogs 

Sales, 
hogs 

Inv., 
ops.,  

Sales, 
ops.,  

Inv., 
hogs,  

Sales, 
hogs,  

Inventory, 
operations 

1.000 
(45)    

1.000 
(40)    

Sales, 
operations 

.975 
(45) 

1.000 
(50)   

.978 
(40) 

1.000 
(40)   

Inventory, 
hogs 

.621 
(45) 

.684 
(45) 

1.000 
(45)  

.728 
(40) 

.742 
(40) 

1.000 
(40)  

Sales, hogs 
.613 

(44) 
.710 

(44) 
.984 

(44) 
1.000 

(44) 
.692 

(40) 
.747 

(40) 
.971 

(40) 
1.000 

(40) 
 

State Proportion Minus U.S. Proportion 

Inv., ops. 
.957 

(45) 
.940 

(45) 
.565 

(45) 
.559 

(44) 
.943 

(40) 
.901 

(40) 
.519 

(40) 
.484 

(40) 

Sales, ops. 
.846 

(45) 
.785 

(50) 
.593 

(45) 
.557 

(44) 
.576 

(40) 
.512 

(40) 
.180 

(40) 
.126 

(40) 

Inv., hogs 
.664 

(45) 
.722 

(45) 
.734 

(45) 
.741 

(44) 
.132 

(40) 
.063 

(40) 
.371 

(40) 
.286 

(40) 

Sales, hogs 
.633 

(44) 
.963 

(44) 
.667 

(44) 
.683 

(44) 
-.090 

(40) 
-.095 

(40) 
.057 

(40) 
.092 

(40) 
 

 Specialized Farms and Farm Measures   

 
Brd., 
ops. 

Fed., 
ops. 

Brd., 
hogs 

Fed., 
hogs 

Inship, 
% crop 

Inship., 
% inv.   

By Count         
Breeding, 
operations 

1.000 
(45)        

Feeding, 
operations 

.059 
(35) 

1.000 
(45)       

Breeding, 
hogs 

.692 
(45) 

.495 
(35) 

1.000 
(40)      

Feeding, 
hogs 

-.507 
(35) 

-.488 
(35) 

.216 
(40) 

1.000 
(45)     

Inship, % 
pig crop 

-.275 
(44) 

-.472 
(39) 

-.474 
(44) 

.224 
(39) 

1.000 
(239)    

Inship., % 
inventory 

-.284 
(44) 

-.546 
(39) 

-486 
(44) 

.206 
(39) 

.966 
(239) 

1.000 
(239)   
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Table B.10 continued 

 
Brd., 
ops. 

Fed., 
ops. 

Brd., 
hogs 

Fed., 
hogs 

Inship, 
% crop 

Inship., 
% inv.   

State Proportion Minus U.S. Proportion 

Brd., ops. 
.703 

(45) 
-.331 

(35) 
.175 
(45) 

-.384 
(35) 

-.083 
(44) 

-.065 
(44)   

Brd., hogs 
.434 

(45) 
.147 

(35) 
.680 
(45) 

-.331 
(35) 

-.406 
(44) 

-.367 
(44)   

Fed., ops. 
-.483 

(35) 
-.018 

(40) 
.502 
(35) 

.247 
(40) 

-.261 
(39) 

-.301 
(39)   

Fed., hogs 
-.075 

(35) 
.009 

(40) 
.466 
(35) 

.616 
(40) 

-.294 
(39) 

-.354 
(39)   

Inship., % 
pig crop 

-.052 
(44) 

-.370 
(39) 

-.305 
(44) 

-.058 
(39) 

.861 
(239) 

.776 
(239)   

Inship., % 
inv. 

.084 
(44) 

-.373 
(39) 

-.187 
(44) 

-.252 
(39) 

.683 
(239) 

.665 
(239)   

 
Selected correlations of farm types, by sales except where indicated 

 
Small, 
ops. 

Large, 
ops. 

Breed, 
ops. 

Feed, 
ops. 

Small, 
hogs 

Large, 
hogs 

Breed, 
hogs 

Feed, 
hogs 

Small, ops. 
1.000 

(50)        

Large, ops. 
-.596 

(40) 
1.000 

(40)       
Breeding, 
ops. (inv.) 

-.127 
(45) 

-.585 
(35) 

1.000 
(45)      

Feeding, 
ops. 

.607 
(40) 

-.448 
(35) 

.059 
(35) 

1.000 
(40)     

Small, hogs 
.711 

(44) 
-.569 

(39) 
.545 

(39) 
.494 

(39) 
1.000 

(44)    

Large, hogs 
-.219 

(40) 
.747 

(40) 
-.750 

(35) 
-.246 

(35) 
-.659 

(39) 
1.000 

(40)   
Breed, 
hogs 

.268 
(45) 

-.847 
(35) 

.692 
(45) 

.495 
(35) 

.723 
(39) 

-.823 
(35) 

1.000 
(45)  

Feed, hogs 
-.175 

(40) 
.687 

(35) 
-507 
(35) 

.216 
(40) 

-.226 
(39) 

.398 
(35) 

-.488 
(35) 

1.000 
(40) 

Pairwise correlations, observations in parentheses 

Trade data were incorporated as a proportion of national production as measured 

by quantity with the exception of live swine, which is only consistently available on a 

value basis.  The specific trade measures are openness, defined as imports plus exports, 

and net trade, defined as exports minus imports.  These measures are combined with an  
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Table B.11: Correlations of Alternate Measures of Farm Size, Tobacco 
Industry 

 Small Farms  Large Farms 
By Count      
 < 1 Acre < 2 Acres  > 10 Acres > 50 Acres 
 Ops. Acre Ops. Acre  Ops. Acre Ops. Acre 

< 1 ops. 
1.000 

(60)    > 10 ops. 
1.000 

(60)    

< 1 acres 
.929 

(53) 
1.000 

(53)   > 10 acres 
.829 

(53) 
1.000 

(53)   

< 2 ops. 
.956 

(60) 
.813 

(53) 
1.000 

(60)  > 50 ops. 
.770 

(53) 
.664 

(47) 
1.000 

(53)  

< 2 acres 
.950 

(53) 
.961 

(53) 
.908 

(53) 
1.000 

(53) > 50 acres 
.658 

(47) 
.742 

(47) 
.731 

(47) 
1.00 

(47) 
State Proportion Minus U.S. Proportion 

< 1 ops. 
.849 

(60) 
.762 

(53) 
.883 

(60) 
.820 

(53) > 10 ops. 
.960 

(60) 
.724 

(53) 
.673 

(53) 
.528 

(47) 

< 1 acres 
.875 

(53) 
.951 

(53) 
.805 

(53) 
.926 

(53) > 10 acres 
.867 

(53) 
.833 

(53) 
.501 

(47) 
.525 

(47) 

< 2 ops. 
.853 

(60) 
.705 

(53) 
.942 

(60) 
.818 

(53) > 50 ops. 
.778 

(53) 
.616 

(47) 
.979 

(53) 
.672 

(47) 

< 2 acres 
.889 

(53) 
.899 

(53) 
.895 

(53) 
.952 

(53) > 50 acres 
.646 

(47) 
.548 

(47) 
.567 

(47) 
.744 

(47) 
          
Selected Correlations of Farm Types 
 Operations  Acreage 
 < 1 < 2 > 10 > 50  < 1 < 2 >10 > 50 

< 1 ops. 
1.000 

(60)    < 1 acres 
1.000 

(53)    

< 2 ops. 
.956 

(60) 
1.000 

(60)   < 2 acres 
.961 

(53) 
1.000 

(53)   

> 10 ops. 
-.711 

(60) 
-.814 

(60) 
1.000 

(60)  >10 acres 
-.686 

(53) 
-.807 

(53) 
1.000 

(53)  

> 50 ops. 
-.377 

(53) 
-.440 

(53) 
.770 

(53) 
1.000 

(53) > 50 acres 
-.380 

(47) 
-.472 

(47) 
.742 

(47) 
1.00 

(47) 
Pairwise correlations, observations in parentheses 

interaction term that represents the state’s proportion of national production.  The logic 

behind this interaction term is that trade will carry a more substantial impact on states 

with large industries because they are more likely to produce for global markets and 

because they are more likely to be affected by the changing connection between domestic 

and global industry.  As noted in chapter 6, recognition of the characteristics of markets  
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Table B.12: Alternative Measures of Industry Presence 

Pork Industry      
 Establish. Prop est. lg. Emp. Val. Added USDA pork 
Establishments 1.000 (49)     
Proportion est., 
20+ employees -.291 (49) 1.000 (49)    
Employees .086 (49) -.011 (49) 1.000 (240)   
Value added .073 (47) .371 (47) .701 (78) 1.000 (78)  
USDA, inspected 
pork packers -.151 (30) -.134 (30) -.194 (155) -.238 (43) 1.000 (155) 
      
Tobacco 
Industry      
 Establish Prop est. lg. Emp. Val. Added  
Establishments 1.000 (60)     
Proportion est., 
20+ employees -.510 (59) 1.000 (59)    
Employees .297 (54) -.260 (53) 1.000 (219)   
Value Added .107 (46) .288 (45) .112 (161) 1.000 (166)  

Pairwise correlations, observations in parentheses 

Table B.13: Selected Correlations of Alternate Measures of State-Level 
Industry Participation 

 Pork Industry Tobacco Industry 

 Emp. Val. add. 
Prop. est. 
20+ emp. Emp. Val. add. 

Prop. est. 
20+ emp. 

Employment 1.000 (240)   
1.000 

(176)   

Value added .701 (78) 
1.000 

(78)  .079 (118)
1.000 

(118)  
Proportion 
estabs., 20+ 
employees -.011 (49) .371 (47) 1.000 (49) -.117 (44) .184 (36) 

1.000 
(50) 

 
State Proportion of U.S. 

Employment .201  (240) .253 (78) .396 (49) .942 (162) .559 (104) 
-.126 

(41) 
Value added .132  (77) .494 (77) .527 (46) .647 (118) .656 (118) .071 (37)
 
State Proportion Minus U.S. Proportion 
Proportion 
estabs., 20+ 
employees .071 (51) .369 (49) .910 (49) -.106 (44) .284 (36) .676 (50)

Pairwise correlations, observations in parentheses 
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Table B.14: Trade Measure Correlations 

Pork Industry      
 Hogs Pork  
 Total Net Total Net  
  Hogs, total 1.000     
  Hogs, net -.997 1.000    
  Pork, total .939 -.936 1.000   
  Pork, net .588 -.595 .473 1.000  
Interaction Terms      
  Hogs, total .738 -.735 .692 .455  
  Hogs, net -.744 .745 -.697 -.464  
  Pork, total .558 -.556 .583 .311  
  Pork, net .475 -.480 .389 .769  
      
Tobacco Industry      
 All Exports 
 Total Net Flue Burley MD 
  Non-cigar tobacco, total 1.000     
  Non-cigar tobacco, net -.825 1.000    
  Flue tobacco, total -.879 .841 1.000   
  Burley tobacco, total .881 -.843 -.999 1.000  
  Maryland tobacco, total -.739 .711 .793 -.817 1.000 
Interaction Terms      
  Non-cigar tobacco, total .327 -.270 -.290 .291 -.244 
  Non-cigar tobacco, net -.541 .656 .550 -.551 .462 
  Flue exports, total -.073 .071 .083 -.083 .066 
  Burley exports, total .238 -.229 -.271 .271 -.221 
  Maryland exports, total -.180 .178 .199 -.204 .224 
    
 Cigarettes Other Products  
 Total Net Total Net  
  Cigarettes, total 1.000     
  Cigarettes, net .978 1.000    
  Other products, total -.008 .019 1.000   
  Other products, net .190 .187 -.940 1.000  
Interaction Terms      
  Cigarettes, total .523 .510 -.005 .099  
  Cigarettes, net .501 .511 .009 .096  
  Other products, total -.001 .015 .615 -.578  
  Other products, net .144 .142 -.694 .740  

N=234 for the pork industry and N=282 for the tobacco industry 
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and producers for specific tobacco types outweighed any benefits of aggregation to non-

cigar tobacco.  Tobacco exports are delineated by the operative tobacco types for the 

entire study period.  However, tobacco imports were not available over the entire period.  

Raw tobacco trade is represented by measures similar to the other products, but these 

measures cover all non-cigar tobaccos.  To capture available export information, exports 

are included as a third variable and represent exports as a proportion of national 

production.  This measure is interacted with the state’s share of national production in 

those cases where the dependent variable is also type-specific. To assess the effect of this 

third term on magnitude and significance of trade and other measures, the supplemental 

analyses below compare its inclusion and exclusion. 

B.2.3 Markets as Politics Variables 

The markets as politics perspective is represented by measures of explicit policies 

and propensities for action based on agriculture’s role in the state.  Multicollinearity 

across policies and limited variation across states may be problematic for specific 

policies.  Table B.15 presents pairwise correlations of policy variables for the pork 

industry.  Four separate measures for environmental policy were evaluated.  The first two 

represent scores standardized to the national average for environmental stringency.  The 

earliest years for which information is available in the original source is 1975 (see 

Appendix C for detailed information on variable construction).  The first measure begins 

analysis at this point, while the second inserts a “1” value for each state and each year 

prior to 1975.  The second two measures are three-year moving averages of the first two 

measures and compensate for variability over years and across data sources.  Second,  
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Table B.15: Correlation of Policy Variables, Pork Industry 

 Corp. 
Cont. 
reg. Vrt. int. RTF RTW 

% 
union Env. 1 

No corporate farming  
1.000 

(240)       
Any contract 
regulation 

.332 
(240) 

1.000 
(240)      

Vertical integration in 
livestock allowed 

.748 
(240) 

-.024 
(240) 

1.000 
(240)     

Right-to-farm 
.245 

(240) 
.322 

(240) 
.137 

(240) 
1.000 

(240)    

Right-to-work 
-.124 

(240) 
-.109 

(240) 
.135 

(240) 
.129 

(240) 
1.000 

(240)   

Percent union, all  
-.179 

(210) 
.010 

(210) 
-.372 

(210) 
-.466 

(210) 
-.507 

(210) 
1.000 

(210)  

Environment 1 
-.159 

(155) 
.311 

(155) 
-.394 

(155) 
.320 

(155) 
-.097 

(155) 
.061 

(155) 
1.000 

(155) 

Environment 2 
-.103 

(240) 
.317 

(240) 
-.300 

(240) 
.254 

(240) 
-.073 

(240) 
.023 

(210) 
1.000 

(155) 

Env. 1, 3-yr. avg. 
-.201 

(150) 
.329 

(150) 
-.431 

(150) 
.333 

(150) 
-.109 

(150) 
.064 

(150) 
.930 

(150) 

Env. 2, 3-yr. avg. 
-.124 

(240) 
.339 

(240) 
-.336 

(240) 
.271 

(240) 
-.078 

(240) 
.014 

(210) 
.922 

(155) 

Moratoria 1 
.005 

(240) 
.341 

(240) 
-.192 

(240) 
.267 

(240) 
.042 

(240) 
-.214 

(210) 
.441 

(155) 

Moratoria 2  
-.183 

(240) 
-.066 

(240) 
-.137 

(240) 
.191 

(240) 
.216 

(240) 
-.307 

(210) 
.349 

(155) 
        
 Env. 2 Env. 3 Env.4 Mor. 1 Mor.2   

Environment 2 
1.000 

(240)       

Env. 1, 3-yr. avg. 
.930 

(150) 
1.000 

(150)      

Env. 2, 3-yr. avg. 
..923 

(240) 
1.000 

(150) 
1.000 

(240)     

Moratoria 1 
.444 

(240) 
.492 

(150) 
.498 

(240) 
1.000 

(240)    

Moratoria 2  
.354 

(240) 
.390 

(150) 
.398 

(240) 
.715 

(240) 
1.000 

(240)   
Pairwise correlations, observations in parentheses 
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Table B.16: Correlation of Policy Variables, Tobacco Industry 

Flue-cured       

 
Support/ 
prod 

Support/ 
acres 

Loan,  
pct. loan 

Lease/ 
transfer 

Acreage/ 
poundge Baling 

Price support, pct. 
state production 

1.000 
(288)      

Price support, pct. 
state acreage 

1.000 
(288) 

1.000 
(288)     

Percent nat’l crop 
placed under loan 

.052 
(288) 

.052 
(288) 

1.000 
(288)    

Lease and transfer 
.234 

(239) 
.234 

(239) 
.070 

(239) 
1.000 
(239)   

Acreage poundage 
quota 

.332 
(239) 

.332 
(239) 

.011 
(239) 

.573 
(239) 

1.000 
(239)  

Baling 
.038 

(239) 
.038 

(239) 
-.072 

(239) 
-.134 

(239) 
.307 

(239) 
1.000 

(239) 
       
Burley and other tobaccos 

 
Support/ 
prod 

Support/ 
acres 

Loan,  
pct. loan 

Lease/ 
transfer 

Acreage/ 
poundge Baling 

Price support, pct. 
state production 

1.000 
(288)      

Price support, pct. 
state acreage 

1.000 
(288) 

1.000 
(288)     

Percent nat’l crop 
placed under loan 

.025 
(270) 

.025 
(270) 

1.000 
(270)    

Lease and transfer 
.301 

(239) 
.301 

(239) 
.058 

(224) 
1.000 
(239)   

Acreage poundage 
quota 

.301 
(239) 

.301 
(239) 

.058 
(224) 

1.000 
(239) 

1.000 
(239)  

Baling 
.231 

(239) 
.231 

(239) 
.126 

(224) 
.811 

(239) 
.811 

(239) 
1.000 

(239) 
Pairwise correlations, observations in parentheses 

both Metcalfe (2000a, 2000b) and Herath, Weersink, and Carpentier (2005) classify as a 

moratoria Minnesota’s restrictions on open-air lagoons passed in 1998 (Devore 2002; 

Minnesota Legislative Reference Library 2006).  However, as this is not a moratorium on 

the construction of large farms and because the ban was weakened substantially after 

initial passage, this study reclassifies the moratoria as notexistent.  The first measure is 

the original, the second is the reclassified, and the measures are highly correlated at .715. 
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Table B.16 displays correlations for tobacco industry policies.  Federal policy 

applies to all states, but state-level impact depends on the presence of specific tobacco 

types.  Where the dependent variable is type specific, only those policies that apply to the 

type are included.  Where the dependent variable is not type-specific, each policy is 

interacted with the proportion of statewide production composed of the type to which it 

applies.  Cross-county lease of quota represents the exception, as implementation is state-

specific.  Maryland tobacco does not fall under the price support system.  Correlations 

among policy variables are generally not high, even among similar policies across types. 

 The markets as politics perspective is also assessed thorough measurement of the 

likely role played by each industry in the economy of the state.  Agriculture as a 

proportion of state GDP, the representation of agricultural sales by different types of 

products, and the relative difference between each state and the national average capture 

this concept.  In addition, land distribution across various uses is expected to be related to 

the shape of policy, for example the protection of ranchers.  Tables B.17 and B.18 display 

selected correlations for measures of the pork and tobacco industry respectively.   

The tables indicate high correlations between agriculture at a general level and 

measures of agricultural production for both industries.  Correlations between livestock 

and pork measures are lower, which suggests non-interchangeability of these measures.  

While non-poultry meatpacking measures more accurately reflect the pork industry than 

measures descendent from agricultural sources, the substantially lower sample sizes are 

especially problematic.  For both industries, lower sample sizes are present for land 

measures because only Census years are available.  Statewide specialization as measured  
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Table B.17: Selected Correlations of State Level Economic Structure, Pork 
Industry 

 Prop. 
live., ag. 

Prop. 
hog, ag. 

Prop. 
hogs, lv. 

State-US, 
ag 

State-US, 
lv. 

State-
US, hog 

Agriculture Variables       
Proportion ag. sales, 
livestock 

1.000 
(215) 

     

Proportion ag. sales, 
hogs 

.960 
(215) 

1.000 
(215) 

    

Proportion livestock 
sales, hogs 

.246 
(215) 

.442 
(215) 

1.000 
(240) 

   

Diff., prop. sales, GDP, 
nat’l. avg. 

.969 
(215) 

.977 
(215) 

.351 
(215) 

1.000 
(215) 

  

Diff., prop. sales, live., 
nat’l. avg. 

.452 
(215) 

.357 
(215) 

-.290 
(240) 

.395 
(215) 

1.000 
(240) 

 

Diff., prop. sales, hogs, 
nat’l. avg. 

.532 
(215) 

.691 
(215) 

.850 
(240) 

.619 
(215) 

.201 
(240) 

1.000 
(240) 

       
Land Use Variables       
Proportion all land, 
pastureland 

-.189 
(45) 

-.286 
(45) 

-.776 
(50) 

-.265 
(45) 

.342 
(50) 

-.656 
(50) 

Ratio of cropland to 
pastureland 

-.035 
(45) 

.085 
(45) 

.746 
(50) 

.049 
(45) 

-.447 
(50) 

.472 
(50) 

Difference, prop. all 
land, past., nat’l. avg. 

-.169 
(45) 

-.271 
(45) 

-.795 
(50) 

-.253 
(45) 

.346 
(50) 

-.670 
(50) 

       
Industry Variables       
Proportion GDP, 
meatpacking 

.907 
(175) 

.897 
(175) 

.315 
(175) 

.903 
(175) 

.449 
(175) 

.616 
(175) 

Proportion GDP, non- 
poultry pack. 

.943 
(72) 

.943 
(72) 

.378 
(72) 

.956 
(72) 

.488 
(72) 

.685 
(72) 

Diff, prop., GDP, 
manufact., nat’l avg. 

-.120 
(184) 

.059 
(184) 

.501 
(184) 

.005 
(184) 

-.181 
(184) 

.526 
(184) 

Diff., prop., GDP, 
meatpack., nat’l. avg. 

.901 
(175) 

.897 
(175) 

.323 
(175) 

.903 
(175) 

.456 
(175) 

.628 
(175) 

Diff., prop., GDP, n.p. 
meatpack., nat’l. avg. 

.930 
(72) 

.939 
(72) 

.390 
(72) 

.953 
(72) 

.494 
(72) 

.699 
(72) 

Pairwise correlations, observations in parentheses 
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Table B.18: Selected Correlations of State Level Economic Structure, Non-
cigar Tobacco Industry 

 
Prop. 
crop.,ag. 

Prop. 
tob., ag. 

Prop. 
tob.,crop 

State-US, 
ag 

State-
US,crop 

State-
US, tob. 

Agriculture Variables       
Proportion ag. sales, 
crops 

1.000 
(258)      

Proportion ag. sales, 
tobacco 

.929 
(258) 

1.000 
(258)     

Proportion crop sales, 
tobacco 

.752 
(258) 

.863 
(258) 

1.000 
(288)    

Difference, prop. sales, 
GDP, nat’l. avg. 

.694 
(258) 

.751 
(258) 

.739 
(258) 

1.000 
(258)   

Difference, prop. sales, 
crops, nat’l. avg. 

.785 
(258) 

.655 
(258) 

.517 
(288) 

.462 
(258) 

1.000 
(288)  

Difference, prop. sales, 
tob., nat’l. avg. 

.866 
(258) 

.934 
(258) 

.947 
(288) 

.778 
(258) 

.710 
(288) 

1.000 
(288) 

       
Land Use Variables       
Proportion all land, 
cropland 

-.404 
(54) 

-.396 
(54) 

-.569 
(60) 

-.306 
(54) 

-.435 
(60) 

-.503 
(60) 

Ratio of cropland to 
pastureland 

-.207 
(54) 

-.199 
(54) 

-.389 
(60) 

-.282 
(54) 

-.200 
(60) 

-.301 
(60) 

Difference, prop. all 
land, crop., nat’l. avg. 

-.331 
(54) 

-.324 
(54) 

-.531 
(60) 

-.310 
(54) 

-.371 
(60) 

-.468 
(60) 

       
Industry Variables       
Proportion GDP, 
tobacco products 

.042 
(102) 

.225 
(102) 

.307 
(102) 

.422 
(102) 

-.130 
(102) 

.300 
(102) 

Diff, prop., GDP, 
manufact., nat’l avg. 

.342 
(217) 

.242 
(217) 

.376 
(217) 

.611 
(217) 

.430 
(217) 

.432 
(217) 

Diff., prop., GDP, 
tobacco, nat’l. avg. 

.055 
(102) 

.237 
(102) 

.318 
(102) 

.425 
(102) 

-.118 
(102) 

.312 
(102) 

Pairwise correlations, observations in parentheses 

in absolute or relative terms are highly correlated and both are used for for Census-

specific and some supplemental models. 

B.3 Post-Regression Diagnostics and Tests 

Post-regression diagnostics include tests for serial and contemporaneous 

correlation, panel-level heteroscedasticity, and preference for the fixed effects over the 
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random effects specification via Hausman tests.  These post-regression tests are presented 

only for economic and control models for the sake of brevity.  Additional post-regression 

tests presented for all models include model fit statistics and the results of the Shapiro-

Francia normality test for residuals. 

Table B.19 displays the results of these tests for the economic and control variable 

models for both industries, specifically those models located in tables 6.2, 6.3, 6.10, and 

6.11.  Additional tests on supplemental economic models are also included, and these 

models are located in tables B.20, B.21, B.24, and B.25 in this appendix.  As expected, 

contemporaneous and serial correlation generally is present.  While both model forms 

correct for serial correlation, only the OLS models with panel corrected standard errors 

are capable of correction for contemporaneous correlation and for groupwise 

heteroscedasticity, which is also present in these models.  Finally, the Hausman test was 

not significant in a majority of cases, which suggests no systematic difference in 

estimated coefficients between fixed and random effects specifications.  From a 

conceptual perspective, the fixed effects specification is preferred, as variation shared 

across all panels over time is of interest.  The presence of negative values, which should 

not be possible, suggests problematic aspects to this test. 

B.4 Supplemental Analyses 

Additional supplemental tests were conducted when alternative measures were 

available for a particular measure, when previously modeled variables were dropped for 

models with larger numbers of estimators, and for Maryland and other non-cigar tobaccos.  

This final section reports these analyses, grouped by industry. 
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Table B.19: Post-regression Tests for Economic and Control Variable Models 

 Contemporaneous 
Correlation 

Serial 
Correlation 

Groupwise 
Heteroscrdasticity 

Hausman 
Test 

Hog Production (Table 6.2) 
Model 1 242.63*** 140.54*** 228.71*** .15 
Model 2 222.84*** 120.66*** 199.71*** .62 
Model 3 207.16*** 134.84*** 233.80*** -.27 
Model 4 241.42*** 131.59*** 364.19*** 1.48 
Model 5 N/A 37.28*** 2097.57*** .06 
Model 6 N/A 36.91*** 858.77*** .16 
     
Hog Operations (Table 6.3) 
All farms 16.41* 46.74*** 4.94 44.52*** 
Small farms 37.64*** 163.82*** .39 269.04*** 
Large farms 16.62* 29.85*** 77.49*** 33.28*** 
Average size 22.12** 80.72*** 4.32 6.04 
     
Hog Production (Table B.20) 
Model 1 244.51*** 109.41*** 320.23*** -.38 
Model 2 N/A 125.45*** 905.85*** -.63 
     
Hog Operations (Table B.21) 
Model 1 16.96* 16.77** 4.27 -24.84 
Model 2 19.06** 13.25** 25.59*** -26.92 
Model 3 14.98 16.34** 2.38 -47.47 
     
Tobacco Production (Table 6.10) 
Model 1 153.85*** 49.92*** 1102.99*** 7.52* 
Model 2 159.69*** 126.12*** 1287.91*** .54 
Model 3 145.43*** 108.34*** 680.98*** .99 
Model 4 40.11*** 235.59*** 158.48*** .45 
Model 5 76.60*** 75.54*** 361.46*** .62 
Model 6 N/A 2.62 1353.76*** -21.93 
Model 7 20.79*** 2.56 26.09*** -.11 
Model 8 N/A 12.547** 1292.25*** -1.14 
     
Tobacco Operations (Table 6.11) 
All farms 32.45*** 6.16* 57.14*** 95.13*** 
Small farms 37.52*** 3.88 47.10*** 35.46*** 
Large farms 56.53*** 2.10 248.18*** -5.19 
Average 33.90*** 8.98** 312.61*** 5.27 
All farms 29.85** 5.86* 40.50*** 88.11*** 
Average 33.77*** 11.23** 59.94*** 9.88* 
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Table B.19 continued 
 Contemporaneous 

Correlation 
Serial 
Correlation 

Groupwise 
Heteroscrdasticity 

Hausman 
Test 

 
Tobacco Production (Table B.24) 
Model 1 40.08*** 345.88*** 301.87*** -27.78 
Model 2 N/A .094 5.8 E29*** -22.25 
Model 3 48.36*** 94.57*** 9.97** 3.38 
Model 4 N/A .101 1.9E30*** -14.13 
Model 5 48.42*** 4082.66*** 4.92 -223.53 
     
Tobacco Operations (Table B.25) 
Model 1 43.57*** 3.238 46.78*** 20.69*** 
Model 2 55.43*** 1.967 201.21*** 8.45 
Model 3 N/A 7.296* 19.42*** 3.56 

*** p<0.01 ** p<0.05 * p<0.1 

Table notes: negative Hausman tests cannot be evaluated for significance.  Contemporaneous 
correlation tests were not estimated in some cases because the correlation matrix of residuals 
was singular. 

B.4.1 The Pork Industry 

Table B.20 presents alternative measures and model specifications for the models 

displayed in table 6.2.  The hog to corn ratio is significant and negative in models 1 and 

3, as is the hog to feed ratio employed in chapter 6.  When the dependent variable is the 

proportion of national hog production instead of a raw number, industry wages for the 

manufactures component of the industry are not significant.  A comparison of model fit 

statistics with the models presented in chapter 6 shows that these models do not perform 

better, and only a minor effect on significance occurs when these alternatives are used. 

For brevity, table B.21 uses all farms as the dependent variable for all models.  

When only the hog to feed ratio is included, only farm wages and land value show any 

significance.  The inclusion of industry wages as a proxy for farm wages in models 2 and 

4 is only significant at the .1 level for one model.  The inclusion of industry wages, in  
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Table B.20: Alternative Economic Measures and Models for Hog Production 

 FE-AR1 OLS-PCSE 
Variable Model 1 Model 2 Model 3 Model 4 
Dependent 
variable Production 

Prop. U.S. 
production Production 

Prop. U.S. 
production 

Farm wages .164*** 
(3.04) 

-.007 
(-.16) 

.091 
(1.36) 

-.020 
(-.31) 

Land value .001 
(.10) 

-.008 
(-.73) 

-.035 
(-.86) 

-.054 
(-.87) 

Property taxes -.031 
(-1.18) 

-.032 
(-1.59) 

-.109 
(-1.26) 

-.109 
(-1.41) 

Hog litter -.051* 
(1.89) 

.036* 
(1.91) 

.118*** 
(2.62) 

.111*** 
(2.56) 

Industry wages  .054 
(.96) 

 .020 
(.33) 

Hog/corn ratio -.038*** 
(-5.96) 

 -.399*** 
(-5.26) 

 

Hog/feed ratio  
 

.008 
(.91) 

 .102 
(1.13) 

Hog price  -.013 
(-.81) 

 -.087 
(-.97) 

Constant 1240.2*** 
(43.48) 

.074*** 
(87.16) 

13.21 
(.58) 

.0005 
(.92) 

N 230 225 230 230 
Within R2 .191 .033   
Between R2 .307 .255   
Overall R2 .026 .003   
Adjusted R2   .192 -.007 
BIC 3059.3 -1659.6   
Estimated rho .960 .975 .283 .220 
Residual 
normality 

(3.14)***  (4.41)***  (6.17)***  (5.79)*** 

*** p<0.01 ** p<0.05 * p<0.1 



 

 331 

Table B.21: Alternative Economic Measures and Models for Farm Structure, 
All Farms 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Farm wages -.546*** 

(-5.53) 
 
 

-.523*** 
(-4.64) 

-.237 
(-1.36) 

 
 

-.262 
(-1.48) 

Land value .158* 
(1.97) 

.051 
(.53) 

.090 
(1.23) 

.367* 
(1.69) 

.185 
(.93) 

.231 
(1.16) 

Property 
taxes 

.098 
(1.62) 

-.021 
(-.33) 

.010 
(.17) 

.369 
(1.61) 

.109 
(1.03) 

.069 
(.26) 

Hog litter -.003 
(.06) 

-.095 
(-1.57) 

-.003*** 
(-.05) 

.157 
(1.13) 

.289 
(.86) 

.140 
(1.06) 

Industry 
wages 

 
 

-.221* 
(-1.90) 

.121 
(1.13) 

 
 

.052 
(.26) 

.067 
(.51) 

Hog / feed 
ratio 

.008 
(.27) 

.072** 
(2.43) 

.085** 
(2.55) 

-.134 
(-.90) 

-.012 
(-.48) 

.228 
(1.25) 

Hog price  
 

 
 

-.158*** 
(-3.38) 

 
 

 
 

-.440*** 
(-2.72) 

Constant 161.89*** 
(7.07) 

206.63*** 
(11.85) 

169.28*** 
(9.74) 

-17.02*** 
(-3.62) 

-22.57*** 
(-5.49) 

-15.16*** 
(-3.35) 

N 40 40 40 40 40 40 
Within R2 .796 .529 .830    

Between R2 .192 .209 .004    

Overall R2 .524 .288 .467    
Adjusted R2    .036 -.025 .184 
BIC 316.65 327.48 307.17    
Est. rho .516 .653 .577 -.073 -.129 .146 
Residual 
normality 

(1.83)**  (2.06)**  (1.66)**  (1.14)  (1.21)  (.99) 

*** p<0.01 ** p<0.05 * p<0.1 

addition to farm wages, alters the interpretation from that of the models presented in table 

6.3.  Hog litter is still significant, but changes direction.  Hog prices and farm wages 

increase in magnitude but do not change in direction or significance.  Finally, the hog to 

feed ratio decreases in magnitude slightly.  For the OLS-PCSE models, hog prices, the 

only significant variable, remains significant and negative, but declines slightly in 
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magnitude.  Comparison of BIC and adjusted R2 suggest that these models are not an 

improvement over those presented in chapter 6. 

The global commodity chains’ emphasis on specialization and the impact of 

manufacturers on other components of the industry produce a variety of alternative 

measures to those presented in chapter 6, including relative measures compared with the 

United States and industry-specific measures at the level of farms.  To reduce 

multicollinearity among variables likely to overlap, an initial assessment based on the 

economic and control variable model was performed.  Table B.22 presents the 

standardized parameter estimate, the t score, the sample size, and the model fit statistic 

for each alternate measure when it is added to the control model.  Hog production was the 

dependent variable in all cases, and while each of these measures was tested individually, 

the final models presented in table 6.4 generally use several measures that may overlap. 

Aside from the two inshipments measures, very little systematic similarity among 

purportedly similar variables is present as assessed by t-scores or parameter estimates.  

For example, the small and large farm dichotomy does not resemble the fed hog and 

breeding stock dichotomy, though these dichotomies are somewhat similar when hogs, 

and not farms, are the unit of measurement.  It is not known whether size or 

specialization measures are preferred by this analysis, but model fit statistics show that 

farm measures produces better fit models than hog measures.  Relative measures of state 

specialization generally are not dissimilar to raw measures of specialization, as shown by 

each paired variable and its “state minus U.S.” counterpart. 
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Table B.22: Alternative Measures, Agriculture Specialization and 
Manufacture Presence, Economic Model with Each Measure 

 FE-AR1 OLS-PCSE 

 Coeff. t BIC N Coeff. t 
Adj. 
R2 N 

Agriculture Specialization 
Crop / inship., state .025 .75 2974.41 224 .012 .15 .222 223 
    state minus U.S. .021 .71 2974.45 224 .019 .28 .221 223 
         
Prop. ops, breed, state -.168 -1.80 546.06 35 -4.219 -3.42 .269 30 
    state minus U.S. -.127 -1.70 546.13 35 -4.307 -3.33 .321 30 
Prop. ops., fed, state -.166 -1.76 548.12 35 -1.512 -2.07 .126 35 
    state minus U.S. -.105 -1.13 550.63 35 -.524 -.79 -.020 35 
Prop. ops., small, state 
minus US -.123 -1.43 622.42 40 -.639 -2.03 .039 40 
Prop. ops., large, state 
minus US .058 .78 550.79 35 3.637 3.78 .307 30 
         
Prop. hogs, sml., state .156 .60 609.10 39 .059 .10 .011 39 
    state minus U.S. .106 .61 609.10 39 -.123 -.20 .014 39 
Prop. hogs, lrg., state .008 .02 551.81 35 -.166 -.26 -.111 30 
    state minus U.S. -.118 -1.76 547.17 35 -.984 -1.37 -.049 30 
Prop. hogs, brd., state .070 .75 550.58 35 -.009 -.01 -.112 33 
    state minus U.S. .011 .12 551.42 35 .257 .23 -.109 30 
Prop. hogs, fed., state .362 2.36 546.20 35 2.017 2.57 .111 35 
    state minus U.S. .209 2.09 547.13 35 .835 2.24 .052 35 
         
Manufacturer Presence 
USDA, inspected pork 
plants -.015 -.44 2019.66 150 -.009 -.15 .178 150 
    Proportion of U.S. .001 .02 2019.89 150 -.013 -.22 .178 150 
Establishments .176 .87 624.80 40 .691 2.32 .066 40 
    Proportion of U.S. .384 1.46 622.49 40 .580 1.77 .051 40 
Prop., lrg estab., state -.095 -1.45 621.91 40 -.667 -1.83 .060 40 
    state minus U.S. -.078 -1.14 623.02 40 -.497 -1.32 .037 40 
Employment .021 1.06 2986.66 225 .066 1.06 .224 225 
    Proportion of U.S. .117 3.01 2979.69 225 .138 2.68 .235 225 
Value added -.086 -1.17 951.34 68 .162 .79 .336 31 
    Proportion of U.S. .015 .30 938.29 67 .314 1.27 .426 30 
State slaughter, nmbr. .100 2.35 2982.81 225 .093 1.15 .225 225 
State slaughter, wght. .502 7.41 2937.74 225 .379 5.61 .361 225 

 

Alternate measures are more problematic with respect to manufacturer presence 

due to variable sample sizes, the related issue of panel- or time-specific censure, 
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magnitude and direction differences across similar measures, and the availability of 

alternatives measures to the Census of Manufactures collected by the USDA.  Only the 

count of establishments, the proportion of national employment at the state level, and the 

weight of meat produced by slaughter establishments were significant in either model 

form, and only the final two were significant in both model forms.  These two variables 

also possess the largest sample sizes, which increases the likelihood that the analysis 

captures panels and periods without bias.  By contrast, value added only contains a few 

more observations than a variable only available during Census years, and most of the 

remaining variables were only available for Census years.  The USDA series that 

captures inspected pork plants contains more observations than the non-poultry 

meatpacking series collected in the Census of Manufactures, but this measure is not 

significant and is counter intuitively negative. 

Models that incorporate some of these alternate measures are assessed in table 

B.23.  The magnitude of state slaughter as measured by numbers is similar to the measure 

as measured by weight that is used in models 3, 4, and 6 of table 6.4.  When the 

proportion of hogs that live on small and large farms is used instead of operations, shown 

in models 5 and 6 of table 6.4, significance disappears and direction flips for the measure 

of small participants.  Specialized farm measure alternatives would not converge for 

model 3, so only breeding hogs are included.  Given the fact that both farms with 

breeding stock and with fed pigs were of the same direction, it is likely that this would 

occur had convergence occurred. 
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Table B.23: Alternative Models for Farm Production, Global Commodity 
Chains Perspective, Fixed Effects Models for Census Years 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Farm wages -.220 

(-1.57) 
-.114 

(-.95) 
-.253* 

(-1.79) 
-.265* 

(-1.99) 
-.267* 

(-1.96) 
.074 

(1.21) 
Land value -.093 

(-.92) 
-.023 

(-.27) 
-.131 

(-.89) 
-.069 

(-.56) 
-.061 

(-.48) 
-.006 

(-.42) 
Property taxes -.016 

(-.21) 
-.013 

(-.19) 
.032 

(.25) 
.006 

(.08) 
.013 

(.15) 
-.055 

(-1.40) 
Hog litter .055 

(.96) 
.010 

(.17) 
.078 

(1.30) 
.107 

(1.61) 
.109 

(1.62) 
-.002 

(-.08) 
Hog / feed ratio -.144*** 

(-3.10) 
-.107* 

(-2.00) 
-.193*** 

(-3.03) 
-.180*** 

(-3.94) 
-.183*** 

(-3.88) 
.016 

(.74) 
Hog price .113 

(1.85) 
.025 

(.34) 
.136 

(1.36) 
.109 

(1.50) 
.109 

(1.48) 
-.117 

(-3.53) 
Trade – hog value 
total 

.578 
(1.38) 

-.436 
(-.94) 

.490 
(1.02) 

.258 
(.53) 

.241 
(.48) 

.063 
(.75) 

Trade – hog value 
net 

.908** 
(2.38) 

.513 
(1.18) 

1.172** 
(2.19) 

.896* 
(1.72) 

.880* 
(1.66) 

.080 
(.96) 

Trade – pork 
quantity total 

.838*** 
(3.21) 

1.616*** 
(9.29) 

1.362*** 
(4.95) 

1.281*** 
(7.00) 

1.277*** 
(6.85) 

.164 
(2.96) 

Trade – pork 
quantity net 

.140** 
(2.16) 

.315*** 
(5.94) 

.267*** 
(4.03) 

.226*** 
(4.24) 

.226*** 
(4.17) 

.047 
(2.78) 

Prop. hogs, small, 
state minus U.S. 

 
 

.143 
(.84) 

    

Prop. hogs, large, 
state minus U.S. 

 
 

.022 
(.37) 

    

Prop. hogs, 
breeding, state 
minus U.S.1 

 
 

 .037 
(.51) 

   

State slaughter, 
number 

.506** 
(2.67) 

     

USDA, inspected 
pork plants 

 
 

    -.006 
(-.26) 

Prop. estab., state 
minus U.S. 

 
 

  .088 
(.51) 

.056 
(.29) 

 

Prop., estab., 20+ 
emp, state - U.S. 

 
 

   -.020 
(-.40) 

 

Constant 613.98*** 
(1.60) 

1506.2** 
(2.46) 

986.4 
(1.27) 

43.72 
(.08) 

132.47 
(.20) 

2925.5*** 
(55.06) 

N 34 33 34 39 39 149 
Within R2 .887 .936 .835 .850 .850 .336 

                                                 

1 When farms with breeding stock and fed hogs were included in the same model, convergence was not achieved.  
Despite the fact that these concepts are not mutually exclusive, only one was modeled. 
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Table B.23 continued      
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Between R2 .984 .993 .992 .985 .991 .949 
Overall R2 .975 .977 .974 .958 .964 .548 
BIC 484.23 468.47 502.58 569.26 572.67 2001.78 
Est. rho .624 .288 .445 .472 .474 .932 
Residual 
normality 

 (.46)  (1.06)  (1.64)*  (.32)  (.55)  (3.15)***

*** p<0.01 ** p<0.05 * p<0.1 

Conceptually, this result is explainable if both specialized types are treated as 

different forms of specialization; large breeding operations and large feeding operations 

both developed over the study period.  In that case, specialized farms may not be 

identifiable by stage of farming, but are more likely to be large.  Models 4 and 5 use the 

establishment information collected by the Census of Manufactures, and in both cases, 

none of the added variables is significant.  Similarly, the larger set of observations 

provided by the USDA data, shown in model 6, fails to achieve significance.   

Alternative models presented in table B.24 address farm structure and production 

to a limited extent for Census years only.  Alternative measures for production, presented 

in models 1 and 2, do not vary in comparison with model 6 in table 6.4 with the exception 

that specialized farms are not significant.  Non-poultry meatpacking wages are not 

significant and their addition does not alter the conclusions presented in model 3 of table 

6.4.  With respect to farm structure, none of the additions presented in models three 

through five are significant, and no substantive changes in conclusions are present in 

comparison to the fixed effects models presented in table 6.5.  First differenced OLS 

models do show a significant and negative effect for the proportion of meatpacking plants 

with at least 20 employees on the number of farms.  In addition, a diminution of the  
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Table B.24:  Alternative Models for Farm Production and Structure, Global Commodity Chains Perspective, All 
Farms 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Farm wages -.229 

(-1.26) 
.112** 

(2.35) 
-.176 

(-1.55) 
-.032 

(-.14) 
-.155 

(-.92) 
-.123 

(-1.21) 
.027 

(.15) 
-.033 

(-.24) 
Land value .057 

(-.39) 
-.003 

(-.24) 
.118 

(1.23) 
.163 

(1.49) 
.143 

(1.31) 
.156 

(1.02) 
.161 

(.70) 
.047 

(.48) 
Property taxes .034 

(.24) 
-.012 

(-.47) 
.035 

(.48) 
-.168 

(-1.73) 
-.103 

(-1.11) 
.088 

(.48) 
-.135 

(-.43) 
-.016 

(-.20) 
Hog litter .078 

(.88) 
.020 

(.88) 
-.029 

(-.57) 
.100 

(1.69) 
.072 

(1.17) 
-.113 

(-1.28) 
-.131 

(-.97) 
-.026 

(-.39) 
Hog / feed ratio -.150** 

(-2.51) 
-.019 

(-1.46) 
.045 

(1.17) 
.175** 

(2.44) 
.154** 

(2.39) 
.243 

(1.45) 
.393 

(1.44) 
.040 

(.83) 
Hog price .154 

(1.63) 
-.073*** 

(-3.18) 
-.024 

(-.42) 
-.152** 

(-2.21) 
-.076 

(-.92) 
-.250** 

(-2.26) 
-.180 

(-1.17) 
-.009 

(-.19) 
Trade – hog value 
total 

.530 
(1.03) 

.031 
(.45) 

-.026 
(-.10) 

-.410 
(-.79) 

-.237 
(-.50) 

-9.4E-5 
(-.00) 

-.557 
(-.83) 

-.197 
(-.78) 

Trade – hog value 
net 

1.046* 
(1.99) 

.020 
(.29) 

.281 
(.96) 

.732 
(1.59) 

.476 
(1.13) 

.421 
(.83) 

.253 
(.44) 

.084 
(.45) 

Trade – pork 
quantity total 

1.054** 
(3.00) 

.125*** 
(2.90) 

.257 
(1.18) 

1.317*** 
(3.82) 

.805** 
(2.72) 

.279 
(1.23) 

.376 
(.74) 

.138 
(.68) 

Trade – pork 
quantity net 

.191** 
(2.31) 

.036*** 
(2.60) 

.060 
(1.24) 

.269*** 
(3.54) 

.153** 
(2.23) 

.270*** 
(2.27) 

.310 
(1.02) 

.036 
(.85) 

State slaughter, 
weight 

.554** 
(2.63) 

.482*** 
(7.43) 

.121 
(1.01) 

-.323 
(-1.46) 

-.110 
(-.55) 

.119 
(1.53) 

.008 
(.07) 

.036 
(.37) 

Prop., ops., small, 
state minus U.S. 

   .243** 
(2.26) 

.131 
(1.39) 

 -1.178*** 
(-3.24) 

-.190*** 
(-2.57) 

Prop., ops., large, 
state minus U.S. 

   .002 
(.06) 

-.041 
(-.79) 

 -.053 
(-.27) 

-.020 
(-.54) 
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Table B.24 continued       
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop., ops., breed, 
state minus U.S. 

-.040 
(-.26) 

 .045 
(.55) 

  .408* 
(1.94) 

  

Prop., ops., feed, 
state minus U.S. 

.044 
(.47) 

 .047 
(.83) 

  .015 
(.07) 

  

Establishments 
 
 

   -.081 
(-.30) 

  .016 
(.17) 

Prop. estab., 20+ 
employees 

 
 

   -.038 
(-.68) 

  -.064*** 
(-2.88) 

Non-poultry 
meatpacking wages 

 
 

-.054 
(-.85) 

 -.196 
(-1.16) 

  -.118 
(-1.21) 

 

Constant 
 

-658.06 
(-.47) 

1104.61*** 
(32.81) 

101.12*** 
(7.44) 

25.17 
(.87) 

31.30 
(1.38) 

-9.51*** 
(-3.19) 

-6.48 
(-1.35) 

-8.03 
(-1.42) 

N 29 224 29 34 34 28 29 29 
Within R2 .950 .466 .890 .959 .937    
Between R2 .989 .981 .811 .133 .271    
Overall / Adj. R2 .983 .915 .845 .251 .473 .388 -.141 .418 
BIC 414.57 2927.00 213.20 277.08 275.62    
Est. rho .157 .945 .718 .386 .556 .362 .493 .513 
Residual normality (.76) (3.11) *** (1.39) (4.16) *** (4.32) *** (1.57) * (.96) (2.12)** 

*** p<0.01 ** p<0.05 * p<0.1
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effect of the proportion of farms composed of small farms, shown in model 8, is present.  

Importantly, inclusion of manufacturer information drops sample size substantially. 

As noted above, several versions of the environmental index and the moratorium 

were modeled to assess the importance of measure instability across the index data 

sources, the absence of observed environmental legislation, and specific criteria for 

moratorium classification.  As discussed above, two of the environmental measures are 

measured as three-year averages to reduce instability.  Second, prior to 1975, two 

measures code each state at ‘1’.  This increases sample size because it allows for the 

inclusion of years prior to 1975.  As the Clean Water Act, the first significant federal 

policy to carry potential effects on hog farming, passed in 1972, most of the effect of 

environmental stringency should fall after 1975. 

 Table B.25 presents the alternative models of policy for the pork industry.  

Models 1, 2, 4, and 5 use the environmental measure limited to 1975 and after, while 

models 3 and 6 use the measures for the entire period.  Second, models 2, 3, 5, and 6 use 

the three-year average.  Only model 2 produced a weakly significant parameter estimate, 

though significance changes for farm wages for fixed effects models and right to farm 

legislation for OLS models to a limited extent. 

Table B.25 also employs a moratorium measure that only includes North 

Carolina, as this is the measure adopted in chapter 6.  As noted in chapter 5, Minnesota’s 

two-year ban on open-air lagoons does not meet the requirements of a true moratorium.   

Table B.26 assesses whether this alternative is problematic in comparison with table 6.6.  

The difference between the parameter estimates is small, and significance does not 
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Table B.25: Alternative Measures of the Environment Index on Hog 
Production 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Farm wages .100 

(1.58) 
.110* 

(1.74) 
.148*** 

(2.79) 
.038 

(.55) 
.041 

(.60) 
.064 

(1.02) 
Land value -.004 

(-.25) 
-.004 

(-.27) 
.002 

(.13) 
-.069 

(-1.13) 
-.067 

(-1.10) 
-.039 

(-.75) 
Property 
taxes 

-.081** 
(-2.12) 

-.089** 
(-2.32) 

-.017 
(-.61) 

-.123 
(-1.19) 

-.120 
(-1.16) 

-.019 
(-.24) 

Hog litter .011 
(.33) 

.012 
(.37) 

.031 
(1.16) 

.037 
(.74) 

.050 
(.97) 

.072 
(1.58) 

Hog / feed 
ratio 

.013 
(.73) 

.014 
(.78) 

-.017 
(-1.37) 

.102 
(.60) 

.103 
(.62) 

-160 
(-1.44) 

Hog price -.086*** 
(-2.87) 

-.087*** 
(-2.90) 

-.058*** 
(-2.60) 

-.478*** 
(-3.20) 

-.473*** 
(-3.23) 

-.307*** 
(-2.74) 

Corporate 
farm ban 

-.065 
(-1.24) 

 .041 
(.85) 

.077 
(.66) 

.087 
(.71) 

.095 
(.98) 

Contract 
regulation 

-.011 
(-.58) 

-.012 
(-.66) 

.002 
(.11) 

.143 
(1.32) 

.138 
(1.28) 

.149 
(1.56) 

Vert. 
integration 
allowed 

N/A  -.073 
(-1.14) 

-.148 
(-1.40) 

-.161 
(-1.46) 

-.046 
(-.52) 

Right to farm -.043* 
(-1.82) 

-.042* 
(-1.76) 

-.021 
(-1.00) 

-.201 
(-.51) 

-.279* 
(-1.95) 

-.062 
(-.79) 

Right to work .016 
(.30) 

.019 
(.37) 

.012 
(.25) 

.343*** 
(3.89) 

.362*** 
(4.02) 

.197*** 
(3.04) 

Environment -.006 
(-.52) 

-.035* 
(-1.83) 

-.020 
(-1.50) 

.026 
(.43) 

-.057 
(-.90) 

-.033 
(-.70) 

Moratoria, 
NC only 

.041** 
(2.14) 

.045** 
(2.34) 

.046** 
(2.53) 

-.057 
(-.77) 

-.052 
(-.70) 

-.0001 
(-.00) 

Constant 3598.0*** 
(71.59) 

3561.5*** 
(68.69) 

2262.6*** 
(75.07) 

46.01 
(.93) 

73.89 
(1.37) 

-13.21 
(-.54) 

N 150 145 225 150 145 225 
Within R2 .250 .265 .267    
Between R2 .064 .036 .012    
Overall / 
Adjusted R2 

.0001 .005 .048 .202 .222 .233 

BIC 2035.39 1964.36 3010.82    
Est. rho .946 .942 .957 .173 .172 .157 
Residual 
Normality 

<.001*** 
(4.14) 

<.001*** 
(4.19) 

<.001*** 
(3.63) 

<.001*** 
(4.40) 

<.001*** 
(4.21) 

<.001*** 
(5.39 

*** p<0.01 ** p<0.05 * p<0.1 
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Table B.26: Alternative Models of the Markets as Politics Perspective, Hog 
Production 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Farm 
wages 

.146** 
(2.57) 

.140*** 
(2.62) 

.181*** 
(3.37) 

.067 
(1.05) 

.060 
(.97) 

.092 
(1.47) 

Land value .001 
(.09) 

.002 
(.15) 

7.78E-6 
(.00) 

-.044 
(-.80) 

-.041 
(-.78) 

-.039 
(-.76) 

Property 
taxes 

-.019 
(-.64) 

-.014 
(-.50) 

-.021 
(-.73) 

-.040 
(-.48) 

-.017 
(-.22) 

-.034 
(-.42) 

Hog litter .027 
(.99) 

.029 
(1.10) 

.028 
(1.02) 

.065 
(1.40) 

.072 
(1.59) 

.068 
(1.43) 

Hog / feed 
ratio 

-.017 
(-1.32) 

-.018 
(-1.50) 

-.018 
(-1.42) 

-.169 
(-1.48) 

-.162 
(-1.46) 

-.160 
(-1.45) 

Hog price -.058** 
(-2.46) 

-.052** 
(-2.28) 

-.073*** 
(-3.08) 

-.298*** 
(-2.60) 

-.306*** 
(-2.74) 

-.370*** 
(-3.25) 

Corporate 
farm ban 

.039 
(.76) 

.040 
(.81) 

.042 
(.83) 

-.002 
(-.02) 

.093 
(.97) 

.110 
(1.18) 

Contract 
regulation 

.003 
(.16) 

.002 
(.14) 

.004 
(.21) 

.155 
(1.50) 

.149 
(1.46) 

.137 
(1.45) 

Vert. 
integration 
allowed 

-.057 
(-.85) 

-.058 
(-.90) 

-.044 
(-.66) 

.079 
(.82) 

-.037 
(-.43) 

-.041 
(-.47) 

Right to 
farm 

-.025 
(-1.09) 

-.025 
(-1.16) 

-.030 
(-1.36) 

-.035 
(-.40) 

-.074 
(-.95) 

-.071 
(-.89) 

Right to 
work 

 .008 
(.16) 

.009 
(.19) 

 .197*** 
(3.10) 

.206*** 
(2.96) 

% union -.0007 
(-.01) 

  -.008 
(-.11) 

  

Envirnmnt. -.002 
(-.28) 

-.002 
(-.20) 

-.001 
(-.17) 

.021 
(.46) 

.018 
(.40) 

.022 
(.51) 

Moratoria, 
NC & MN 

 .036** 
(2.05) 

  .017 
(.27) 

 

Moratoria, 
NC only 

.042** 
(2.23) 

 .035* 
(1.91) 

.030 
(.42) 

 -.015 
(-.25) 

Ag. / GDP, 
state-U.S. 

  .072 
(1.21) 

  .094 
(.94) 

Hog / Ag., 
state-U.S. 

  .130*** 
(2.96) 

  .145* 
(1.67) 

Constant 2231.2*** 
(63.86) 

2159.5*** 
(72.30) 

1742.1*** 
(46.34) 

13.114 
(.43) 

-12.44 
(-.51) 

-20.47 
(-.78) 

N 205 225 210 205 225 210 
Within R2 .268 .255 .302    
Btwn. R2 .086 .013 .908    
Overall R2 .037 .046 .613 .213 .233 .244 
BIC 2763.34 3014.18 2830.76    
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Table B.26 continued      
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Est. rho .953 .958 .944 .194 .161 .139 
Residual 
normality 

 (2.71)*** (3.88)***  (2.62) *** (5.28)***  (5.43)*** (4.85)*** 

*** p<0.01 ** p<0.05 * p<0.1 

change for any of the covariates.  Second, table B.26 also assesses whether the 

percentage of the state population that is unionized serves as a proxy for the presence of 

right to work legislation.  Across all models in table B.26 and table 6.6, neither variable is 

significant except for the right to work variable for some OLS models.  Finally, 

alternatives for farm structure, in comparison with table 6.7, are assessed in table B.27 to 

compliment the production analyses in tables B.25 and B.26.  As with farm production, 

significance generally does not change, and magnitude of significant effects are not 

substantially different.  Only in model 5 does the significance of moratoria disappear in 

comparison to table 6.7. 

B.4.2 The Tobacco Industry 

 This section includes both models of alternative measurers for some concepts and 

the bulk of the models that apply to either Maryland or other non-cigar tobaccos.  

Maryland and other non-cigar tobaccos are confined to this section because of their 

relative unimportance to the industry and problematic issues in parameter estimation.  

Table B.28 contains one model that incorporates the average wage for the manufacturing 

component of the industry and four models that use Maryland and other non-cigar 

tobacco production as the dependent variable.  Incorporation of industry wages reduces 

the sample size from 281 to 122 from models 1 and 2 in table 6.10.  This truncation is not  
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Table B.27: Alternative Measures of the Markets as Politics Perspective, Hog 
Farm Structure, All Farms 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Farm wages -.440*** 

(-4.98) 
-.335** 

(-2.81) 
-.283*** 

(-3.07) 
-.170 

(-1.31) 
-.142 

(-.90) 
-.077 

(-.58) 
Land value .130* 

(1.73) 
.037 

(.35) 
-2.616 
(-.95) 

.176 
(.94) 

.182 
(.92) 

-.043 
(-.24) 

Property 
taxes 

.013 
(.23) 

-.039 
(-.49) 

-.125 
(-1.69) 

.034 
(.15) 

.015 
(.07) 

-.134 
(-.60) 

Hog litter -.048 
(-.86) 

-.077 
(-1.28) 

-.112* 
(-2.08) 

.243* 
(1.66) 

.201 
(1.42) 

.279** 
(2.04) 

Hog / feed 
ratio 

.111*** 
(2.98) 

.127*** 
(2.99) 

.111** 
(2.76) 

.174 
(.88) 

.248 
(1.21) 

.203 
(.94) 

Hog price -.229*** 
(-4.11) 

-.266*** 
(-4.18) 

-.284*** 
(-5.30) 

-.538*** 
(-3.74) 

-.610*** 
(-4.15) 

-.440*** 
(-2.75) 

Corporate 
farm ban 

.088 
(.98) 

.032 
(.31) 

-.005 
(-.05) 

.337** 
(2.42) 

.388*** 
(2.68) 

.253* 
(1.73) 

Contract 
regulation 

-.030 
(-1.05) 

-.019 
(-.58) 

-.016 
(-.58) 

-.236** 
(-2.11) 

-.192* 
(-1.73) 

-.117 
(-1.10) 

Vert. 
integration 
allowed 

-.150 
(-1.34) 

-.055 
(-.34) 

-.036 
(-.31) 

-.082 
(-.58) 

-.101 
(-.66) 

.010 
(.07) 

Right to 
farm 

.003 
(.09) 

.003 
(.06) 

.046 
(1.07) 

-.176 
(-.86) 

-.175 
(-.80) 

-.098 
(-.48) 

Right to 
work 

.209*** 
(3.12) 

.222*** 
(3.09) 

.284*** 
(3.09) 

-.062 
(-.60) 

-.066 
(-.60) 

-.048 
(-.46) 

Envirnmnt. -.039 
(-1.49) 

-.033 
(-1.13) 

-.017 
(-.60) 

-.242*** 
(-3.07) 

-.206** 
(-2.49) 

-.203*** 
(-2.77) 

Moratoria, 
NC & MN 

.019 
(.76) 

  .238** 
(2.53) 

  

Moratoria, 
NC only 

 -.012 
(-.26) 

.064 
(1.37) 

 .190 
(1.61) 

.295*** 
(2.79) 

Ag. / GDP   -.188 
(-1.44) 

  -.098 
(-.71) 

Hog / Ag.   .403*** 
(3.50) 

  .190* 
(1.83) 

Ag. / GDP, 
state-U.S. 

 .153 
(1.07) 

  .060 
(.43) 

 

Hog / Ag., 
state-U.S. 

 .149 
(1.24) 

  .049 
(.36) 

 

Prop. past- 
ureland 

  -.185 
(-.58) 

  -.172 
(-1.48) 

Cropland / 
pastureland 

  -.148* 
(-1.81) 

  .090 
(.84) 
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Table B.27 continued      
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Constant 223.12*** 

(9.20) 
239.72*** 

(7.20) 
319.46*** 

(5.95) 
-15.86*** 
(-3.60) 

-16.35*** 
(-3.82) 

-19.48*** 
(-4.72) 

N 40 40 40 40 40 40 
Within R2 .928 .950 .984    
Btwn. R2 .019 .405 .082    
Ov. /adj. R2 .466 .689 .447 .303 .246 .234 
BIC 318.00 325.43 315.65    
Est. rho .423 .303 -.027 .104 .121 .061 
Residual 
normality 

 (1.05)  (.38) (-1.06)  (6.25)***  (6.07)*** (3.64)*** 

*** p<0.01 ** p<0.05 * p<0.1 

random and may indirectly account for the loss of significance for farm wages, land 

value, and property taxes for this model.  Models 2 and 3 are limitedly different from 

both aggregated tobacco and from the flue-cured and burley types.  Of greatest note are 

the substantially larger magnitudes of significant effects for Maryland tobacco, likely the 

result of the small sample size and the larger standard errors.  When the proportion of 

U.S. production serves as the dependent variable, farm wages, land value, and yield are 

significant in one or both models, in contrast to the proportions of the tobacco types in 

chapter 6.  These OLS models are broadly similar in terms of significance and direction 

compared with aggregated tobacco and the major types presented in table 6.10. 

Table B.29 evaluates the incorporation of industry wages, the introduction of the 

mechanical harvester, the historical presence of cigarette manufacture, and tobacco price 

to farm structure models and should be compared to table 6.11.  Industry wages have a 

significant effect on the numbers of farms, though the direction and magnitude varies 

between model types.  The inclusion of industry wages makes farm wages and tobacco 

yield significant for OLS models, though as with production, the smaller sample size may  
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Table B.28: Alternative Economic Measures and Models for Tobacco 
Production 

FE-AR1 Raw Proportion U.S.  
 All types Maryland Other Maryland Other  
Farm wages -.182* 

 (-1.85) 
-.760*** 

(-4.18) 
-.444*** 

(-4.36) 
-.343** 

(-2.28) 
.307** 

(2.42) 
 

Land value -.034 
 (-.96) 

-.367* 
(-1.80) 

-.116 
(-1.43) 

-.419** 
(-2.61) 

-.141 
(-1.40) 

 

Property 
taxes 

-.060 
 (-1.13) 

-.230*** 
(-2.87) 

-.081 
(-1.36) 

-.078 
(-.96) 

-.120 
(-1.63) 

 

Industry 
wages 

.108 
 (-1.18) 

     

Yield (by 
type) 

.329*** 
(-12.18) 

.348*** 
(4.67) 

.504*** 
(11.21) 

.149*** 
(2.86) 

.346*** 
(6.17) 

 

Constant 198.90*** 
(28.22) 

157.60*** 
(7.82) 

106.55*** 
(31.97) 

.93*** 
(13.87) 

.06*** 
(5.17) 

 

N 122 49 141 49 141  
Within R2 .614 .841 .514 .748 .349  
Between R2 .278 .821 .985 .858 .981  
Overall R2 .136 .585 .797 .385 .665  
BIC 1227.99 419.40 1039.15 -117.05 -567.03  
Est. rho .868 .272 .757 .493 .754  
Resid. norm. (1.63)*  (-1.33)  (.92)  (.07)  (1.92)  
   
OLS-PCSE Raw Proportion U.S. 
 All types Maryland Other Maryland Other All types 
Farm wages -.104 

(-1.44) 
-.260 

(2.68) 
-.053 

(-.71) 
-.085 

(-.20) 
.074 

(.73) 
-.012 

(-.22) 
Land value -.060 

(-.79) 
-.056* 

(-.99) 
-.076 

(-1.39) 
-.283 

(-.58) 
.049 

(.69) 
-.115* 

(-1.74) 
Property 
taxes 

-.069 
(-.88) 

-.087 
(-1.43) 

-.035 
(-.51) 

-.054 
(-.11) 

.124 
(1.33) 

-.064 
(-1.24) 

Industry 
wages 

-2.3E-6 
(-.67) 

     

Yield (by 
type) 

.874*** 
(11.70) 

.678*** 
(7.67) 

.724*** 
(9.52) 

.381 
(.80) 

.385*** 
(3.61) 

.712*** 
(13.60) 

Cigarette 
manufacture 

     -.024 
(-.55) 

Constant -2.64 
(-.71) 

-9.39 
(-2.71) 

-1.02 
(-.69) 

-.004 
(-.09) 

-.005 
(-.95) 

-3.58 
(-1.29) 

N 108 49 141 49 141 281 
Adjusted R2 .589 .518 .538 .130 .153 .537 
Est. rho .089 .187 .071 -.327 .023 .090 
Residual 
normality 

 (1.68)  (2.34)***  (2.29)**  (4.14)*** (7.36)***  (4.54)*** 

*** p<0.01 ** p<0.05 * p<0.1 
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explain this result.  Tobacco price is only significant at the .1 level for small farms and 

the fixed effects model form.  Finally, the last two models evaluate the importance of the 

development of the mechanical harvester and whether cigarette manufacture is ever 

present in the state.  These variables are not evaluated with fixed effects models because 

they are invariant across panels.  Both variables are significant, and the harvester variable 

in the expected direction.  The magnitudes are sizable compared with other variables. 

Table B.30 presents alternative measures for global commodity chains concepts 

and their relation to farm production.  Estimates for Maryland and other non-cigar 

tobaccos are not generally different from those for the flue-cured and burley models in 

terms of significance or direction, as shown by comparison with table 6.12.  The 

standardized coefficients are substantially larger for Maryland tobacco than for other 

tobacco types, but no trade variables are significant.  Variables available only for Census 

years cannot be modeled for Maryland tobacco because of collinearity.  The difference in 

the proportion of manufacturers at the state and national levels is never significant.  

Alternative measures added to aggregated tobacco, in comparison with table 6.13, are 

generally not significant.  Wage information remains extremely limited. 

 The global commodity chains models in chapter 6 incorporated type-specific 

export information through the use of interaction terms.  These were incorporated in 

combination with total and net trade information that is not specific to type.  To assess 

the differences produced by the inclusion or exclusion of export information above and 

beyond the general trade information, table B.31 presents models for production of major 

tobacco types and for all types.  In comparison to the models presented in table 6.12, the  
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Table B.29: Alternative Economic Measures and Models for Tobacco Farm Structure 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep. var. All farms Small farms Large farms All farms Small farms Large farms All farms All farms 
Farm wages -.377 

(-1.37) 
-.176 

(-1.50) 
-.030 

(-.61) 
-.907*** 

(-.94) 
.031 

(.14) 
-.059 

(-.32) 
-.162 

(-.89) 
-.075 

(-.38) 
Land value .045 

(.15) 
.054 

(.47) 
-.027 

(-.06) 
1.239*** 
(.74) 

.317* 
(1.73) 

-.079 
(-.54) 

.197 
(1.14) 

.284* 
(1.65) 

Property 
taxes 

.017 
(.26) 

.033 
(.74) 

-.106 
(-.65) 

-.788*** 
(-1.01) 

.312** 
(1.98) 

-.166 
(-1.16) 

.266* 
(1.77) 

.325* 
(1.93) 

Industry 
wages 

.189* 
(1.95) 

  -.453** 
(-.03) 

    

Tobacco 
price 

 -.111* 
(-1.69) 

-.098 
(-.40) 

 -.184 
(-.97) 

-.066 
(-.35) 

  

Yield .068 
(.97) 

.047 
(.94) 

.049 
(.19) 

.279*** 
1.31 

.028 
(.15) 

.342 
(1.71) 

.389** 
(2.20) 

.211 
(1.33) 

Harvester       .532* 
(1.91) 

 

Cigarette 
manufacture 

       -.240*** 
(-3.15) 

Constant 107.36*** 
(10.98) 

83.09 
(8.76) 

49.56 
(1.47) 

2.35*** 
(.20) 

-15.72*** 
(-2.87) 

2.19* 
(.23) 

-33.53*** 
(-3.70) 

-16.89*** 
(-2.89) 

N 29 54 54 25 54 54 54 54 
Within R2 .400 .340 .237      
Between R2 .053 .0001 .243      
Over./adj. R2 .128 .186 .171 .656 .136 .134 .183 .157 
BIC 246.40 432.15 479.48      
Est. rho .772 .684 -.223 .516 .081 -.261 .199 .311 
Resid. norm. (.16) (2.53)*** (2.30)** (-.15) (1.06) (4.46)*** (.39) (.75) 

*** p<0.01 ** p<0.05 * p<0.1 
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Table B.30: Alternative Models for Tobacco Farm Production, Global Commodity Chains Perspective 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 
Dep. var. MD Other Other All All MD Other Other All All 
Farm wages -.720*** 

(-4.01) 
-.216** 

(-2.26) 
-.250 

(-.49) 
-.212*** 

(-2.81) 
-.069 

 (-.50) 
-.116 

(-1.02) 
-.057 

(-.60) 
-.098 

(-.40) 
-.065 

(-1.47) 
-.113*** 

(-4.53) 
Land value -.161 

(-1.35) 
-.106 

(-1.49) 
-.063 

(-.11) 
-.044 

(-.53) 
-.099 

(-.63) 
-.111 

(-.63) 
-.087 

(-.60) 
.167 

(.39) 
.009 

(.18) 
.209*** 

(7.00) 
Property 
taxes 

-.095 
(-1.10) 

-.050 
(-1.17) 

-.316** 
(-2.64) 

-.027 
(-1.02) 

.003 
(.04) 

-.121 
(-1.14) 

-.008 
(-.08) 

-.644*** 
(-3.45) 

.014 
(.29) 

.010 
(.84) 

Tobacco 
price 

.066 
(.73) 

-.116* 
(-1.93) 

.102 
(.50) 

.078 
(1.41) 

-.058 
(-.62) 

.205 
(1.28) 

-.159 
(-1.53) 

.296* 
(1.92) 

.133*** 
(2.58) 

.021 
(.82) 

Tobacco 
yield 

.174*** 
(3.72) 

.278*** 
(8.89) 

.296 
(1.22) 

.098** 
(2.10) 

.199*** 
(3.99) 

.864*** 
(5.07) 

.831*** 
(8.97) 

.275* 
(1.67) 

.308*** 
(6.44) 

.169*** 
(9.79) 

Trade – tob. 
quantity 
total 

-1.074 
(-.51) 

.099 
(1.52) 

.478 
(1.51) 

-.244 
(-.86) 

-.205 
(-.57) 

-.383 
(-.20) 

.161 
(1.24) 

.905*** 
(2.91) 

.445 
(1.26) 

4.814*** 
(9.64) 

Trade – tob. 
quantity net 

.335 
(.24) 

.105*** 
(3.17) 

.618* 
(2.09) 

.173 
(1.49) 

.387*** 
(3.00) 

-.255 
(-.10) 

.440*** 
(3.02) 

1.046*** 
(3.30) 

.569*** 
(3.17) 

3.32*** 
(11.71) 

Exports, by 
type 

-.049 
(-1.36) 

.101* 
(1.93) 

-.068 
(-.41) 

.409 
(1.56) 

-.160 
(-.54) 

-.058 
(-1.20) 

.272*** 
(2.61) 

-.065* 
(-1.72) 

-.417* 
(-1.80) 

-3.29*** 
(-10.46) 

Trade – 
cigart. total 

30.716 
(1.42) 

.249 
(.79) 

-.087 
(-.07) 

-.058 
(-.24) 

.715** 
(2.27) 

17.661 
(1.62) 

.599 
(1.42) 

-1.493 
(-1.37) 

.170 
(.48) 

27.23*** 
(9.99) 

Trade – 
cigart. net 

-22.366 
(-1.08) 

-.099 
(-.37) 

.295 
(.30) 

.451** 
(2.19) 

-.129 
(-.49) 

-12.403 
(-1.14) 

-.404 
(-.97) 

1.700 
(1.59) 

.422 
(1.21) 

-33.06*** 
(-9.75) 

Trade – 
other prod. 
total 

4.015 
(1.51) 

-.240** 
(-2.51) 

-.395 
(-1.31) 

.012 
(.17) 

.246** 
(2.20) 

12.823 
(1.42) 

-1.923*** 
(-3.10) 

-1.867*** 
(-2.74) 

.049 
(.32) 

.569*** 
(5.97) 

Trade, net  – 
other prod.  

3.414 
(1.44) 

-.190** 
(-2.39) 

-.193 
(-.72) 

-.019 
(-.34) 

.153* 
(1.74) 

11.569 
(1.30) 

-1.563*** 
(-2.67) 

-1.587* 
(-1.65) 

-.158 
(-.70) 

-.095 
(-.69) 
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Table B.30 continued  
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 
Prop., ops., 
sm., state-
US 

  .079 
(.27) 

 -.301*** 
(-3.14) 

  -.192 
(-.96) 

 -.181*** 
(-12.75) 

Prop., ops., 
lg., state-US 

  .356 
(1.50) 

 .078 
(1.02) 

  .412*** 
(2.60) 

 .004 
(.28) 

Prop., acres, 
sm., state-
US 

   -.058 
(-1.46) 

    -.136*** 
(-3.90) 

 

Prop., acres, 
lg., state-US 

   . * 084
(1.79) 

    .042 
(1.57) 

 

Prop., US 
estabs. 

    .042 
(.39) 

    .-.008 
(-.50) 

Prop. 
estabs, 20+ 
emp. 

    .033 
(1.38) 

    -.029*** 
(-3.68) 

Constant 129.76*** 
(20.71) 

107.17*** 
(32.78) 

97.50* 
(2.02) 

136.88** 
(2.49) 

229.22*** 
(5.95) 

-3.26** 
(-2.02) 

-1.729 
(-1.27) 

-9.79* 
(-1.84) 

-38.73*** 
(-5.67) 

-23.15*** 
(-10.77) 

N 46 138 27 47 40 46 138 27 47 36 
Within R2 .754 .609 .858 .952 .951      
Between R2 1.000 .996 .785 .951 .742      
Overall R2 .006 .840 .802 .937 .744      
Adjusted R2      .819 .655 .657 .945 .985 
BIC 365.82 1025.51 237.05 443.88 390.18      
Est. rho .855 .795 -.162 -.207 .635 .052 .161 -.047 .336 .124 
Resid. nrm. (5.748)*** (-.303) (.512) (.157) (3.017)*** (.229) (2.727)*** (.401) (-.354) (.884) 

*** p<0.01 ** p<0.05 * p<0.1
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Table B.31: Alternative Non-Export Tobacco Production Models 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 
Dep. var. All types Flue-cured Burley All types Flue-cured Burley 
Farm wages -.253*** 

(-4.62) 
-.159*** 

(-3.09) 
-.273*** 

(-4.28) 
.010 

(.22) 
-.028 

(-.27) 
.061 

(.73) 
Land value -.055* 

(-1.92) 
-.027 

(-.80) 
.007 

(.20) 
-.040 

(-.62) 
-.059 

(-.45) 
.011 

(.16) 
Property 
taxes 

-.052* 
(-1.77) 

-.028 
(-.82) 

.071* 
(1.85) 

-.068 
(-1.53) 

-.219** 
(-1.98) 

.112 
(1.42) 

Tobacco 
price (type) 

.033 
(1.13) 

-.042 
(-1.34) 

.213*** 
(4.31) 

.082** 
(2.08) 

-.037 
(-.47) 

.315*** 
(3.74) 

Yield (by 
type) 

.213*** 
(14.69) 

.059*** 
(5.58) 

.119*** 
(10.36) 

.635*** 
(11.74) 

.602*** 
(6.21) 

.762*** 
(10.64) 

Trade–tob. 
qua. total 

-.126*** 
(-3.04) 

-.174*** 
(-3.33) 

-.003 
(-.06) 

-.173** 
(-2.13) 

-.407*** 
(-2.95) 

.018 
(.21) 

Trade–tob. 
qua. net 

-.046** 
(-2.29) 

-.012 
(-.55) 

.016 
(.78) 

-.131 
(-1.49) 

-.232* 
(-1.69) 

.019 
(.23) 

Trade – 
cigart. total 

-.001 
(-.01) 

-.078 
(-.40) 

.073 
(.37) 

.167 
(.68) 

.228 
(.58) 

.129 
(.52) 

Trade – 
cigart. net 

.273 
(1.52) 

.138 
(.80) 

.037 
(.22) 

.169 
(.68) 

.241 
(.62) 

.104 
(.43) 

Trade–oth. 
prod. total 

-.006 
(-.14) 

.001 
(.02) 

.021 
(.50) 

-.141 
(-.44) 

-.254 
(-.50) 

.100 
(.36) 

Trade–oth. 
prod. net 

.001 
(.02) 

.003 
(.07) 

.028 
(.74) 

-.097 
(-.30) 

-.196 
(-.39) 

.184 
(.66) 

Constant 276.00*** 
(50.09) 

529.92*** 
(27.23) 

4.44 
(.30) 

-8.35*** 
(-3.02) 

-6.09* 
(-1.74) 

-7.64** 
(-2.54) 

N 275 138 184 275 138 184 
Within R2 .603 .565 .507    
Btwn. R2 .626 .933 .001    
Ov. / adj. R2 .472 .042 .023 .614 .448 .507 
BIC 2641.69 1390.99 1772.69    
Est. rho .875 .630 .715 -.066 -.280 -.053 
Resid. nrm. (6.074)*** (.650) (2.803)*** (4.051)*** (3.449)*** (3.853)***

*** p<0.01 ** p<0.05 * p<0.1 

magnitude, direction, and significance of control variables generally do not vary.  

However, total and net tobacco trade measures change in an inconsistent manner.  Total 

and net trade grow in magnitude for fixed effects and OLS models, though these 

measures become insignificant for OLS models.  Flue-cured measures decline in 

magnitude and generally become insignificant.  All burley trade measures remain 
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insignificant.  In essence, trade possesses an impact with respect to both all tobacco and 

flue-cured production, regardless of the inclusion of export information. 

 Supplemental analyses of tobacco farm structure, presented in table B.32 and 

compared with table 6.13, use a number of alternative measures discussed to this point.  

The exclusion of the measures of farm size, shown in model 1, makes farm wages and 

tobacco yield significant at the .1 level, reduces the significance of both tobacco trade 

variables to the .1 level, and improves model fit slightly but does not substantively alter 

interpretation.  When the bases of these proportions are acreage, rather than operations, 

the large farm proportion is significant and negative, and all tobacco trade variables lose 

significance.  However, sample size changes, which does not allow for a direct 

comparison between models.  Inclusion of manufacturer measures in model 3 reveal a 

negative and significant relation between the total number of farms and the proportion of 

establishments with more than 20 employees.  Again, sample size declines.  Finally, 

when export information for all types is not included, results are similar to those in table 

6.13.  Changes for OLS models, presented in models 5 through 8, are not entirely 

consistent with changes for fixed effects models, though across model forms, most 

variables are consistent in significance and directionality.  While model fit generally 

improves with the absence of the farm size categories, the difference is slight. 

 Table B.33 presents control and markets as politics models for the minor tobacco 

types and alternative measurement analyses for aggregate tobacco.  The first two models 

indicate that the proportion of GDP composed of agriculture and the proportion of 

agriculture composed of tobacco are interchangeable with the differences in the
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Table B.32: Alternative Models for Tobacco Farm Structure, Global Commodity Chains Perspective, All Farms 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Farm wages -.151* 
(-1.70) 

-.172* 
(-1.91) 

-.127 
(-.83) 

-.140 
(-1.54) 

.178 
(1.09) 

.188 
(1.61) 

.368 
(1.54) 

.185 
(1.15) 

Land value -.016 
(-.20) 

.008 
(.09) 

.106 
(.63) 

-.016 
(-.19) 

.320** 
(2.25) 

.412*** 
(4.06) 

.879*** 
(3.71) 

.308** 
(2.16) 

Property 
taxes 

-.004 
(-.12) 

-.022 
(-.58) 

-.031 
(-.47) 

-.013 
(-.36) 

.146 
(1.05) 

.166** 
(2.04) 

.101 
(.83) 

.135 
(.98) 

Tobacco 
price 

-.042 
(-.78) 

-.030 
(-.49) 

-.129 
(-1.19) 

-.058 
(-1.01) 

.004 
(.03) 

-.071 
(-.77) 

-.298 
(-1.64) 

.002 
(.02) 

Tobacco 
yield 

.069* 
(1.72) 

.028 
(.57) 

.114* 
(2.00) 

.068 
(1.50) 

.173 
(1.36) 

.273** 
(2.07) 

.169 
(1.07) 

.197 
(1.16) 

Trade – tob. 
quantity total 

.646* 
(2.01) 

.480 
(1.50) 

.970** 
(2.37) 

.348*** 
(3.51) 

1.185 
(1.54) 

1.846*** 
(3.86) 

5.895 
(.98) 

.796*** 
(3.24) 

Trade – tob. 
quantity net 

.235* 
(1.78) 

.155 
(1.16) 

.262* 
(1.76) 

.116** 
(2.25) 

.371 
(.92) 

.613*** 
(2.70) 

2.557 
(.78) 

.185 
(1.15) 

Exports, by 
type 

-.312 
(-1.11) 

-.061 
(-.21) 

-.484 
(-1.42) 

 -.256 
(-.51) 

-.727** 
(-2.34) 

-3.010 
(-.81) 

 

Trade – 
cigart. total 

-.847*** 
(-3.08) 

-.837*** 
(-2.95) 

-.944** 
(-2.73) 

-.800*** 
(-2.98) 

-2.701*** 
(-3.23) 

-3.096*** 
(-5.69) 

15.994 
(.51) 

-2.512*** 
(-3.17) 

Trade – 
cigart. net 

.720*** 
(3.15) 

.756*** 
(3.20) 

.719** 
(2.54) 

.675*** 
(3.05) 

2.978*** 
(3.50) 

3.439*** 
(6.19) 

-20.490 
(-.53) 

2.775*** 
(3.45) 

Trade – other 
product total 

-.154** 
(-2.29) 

-.109 
(-1.53) 

-.271** 
(-2.21) 

-.132* 
(-1.98) 

-.991** 
(-2.52) 

-1.038*** 
(-4.39) 

-1.614** 
(-2.16) 

-.900** 
(-2.38) 

Trade – other 
product net 

-.148*** 
(-2.73) 

-.127** 
(-2.27) 

-.257** 
(-2.67) 

-.121** 
(-2.63) 

-1.341** 
(-2.55) 

-1.616*** 
(-5.13) 

-2.917** 
(-2.04) 

-1.161*** 
(-2.61) 

Prop., ops., 
sm., state-US 

  -.037 
(-.29) 

.030 
(.30) 

  -.096 
(-1.08) 

.028 
(.24) 
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Table B.32 continued        

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop., ops., 
lg., state-US 

  -.078 
(-1.00) 

.054 
(1.03) 

  -.232 
(-1.60) 

-.016 
(-.11) 

Prop., acres, 
sm., state-US 

 -.009 
(-.11) 

   -.178 
(-1.21) 

  

Prop., acres, 
lg., state-US 

 -.260** 
(-2.45) 

   -.417*** 
(-3.73) 

  

Prop., US 
estabs. 

  -.072 
(-.57) 

   -.169 
(-.90) 

 

Prop. estabs, 
20+ emp. 

  -.054* 
(-2.09) 

   -.396*** 
(-5.32) 

 

Constant 112.91*** 
(10.49) 

121.50 
(9.23) 

161.29*** 
(11.70) 

117.32*** 
(9.61) 

-22.75** 
(-5.23) 

-23.61*** 
(-6.71) 

-28.62*** 
(-9.23) 

-22.69*** 
(-5.03) 

N 54 47 40 54 54 47 36 54 
Within R2 .772 .838 .814 .788     
Between R2 .601 .971 .400 .484     
Overall / 
adjusted R2 

.555 .724 .495 .511 .299 .515 .435 .282 

BIC 430.22 375.27 320.43 434.88     
Est. rho .626 .564 .650 .603 .222 .411 .079 .230 
Residual 
normality 

(3.971)*** (3.698)*** (3.215)*** (4.028)*** (.991) (2.195)** (-1.944) (.514) 

*** p<0.01 ** p<0.05 * p<0.1
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Table B.33: Alternative Models of the Markets as Politics Perspective, Tobacco Production 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Dep. var. All Types All Types Maryland Other All Types All Types Maryland Other 
Farm wages -.0002 

(-.00) 
-.011 

(-.23) 
-.371 

(-1.58) 
-.176** 

(-2.04) 
.371 

(1.28) 
.337 

(1.14) 
2.047** 

(2.02)  
-.239 

(-.27) 
Land value -.051* 

(-1.79) 
-.060** 

(-2.06) 
-.427** 

(-2.50) 
-.079 

(-1.10) 
-.093 

(-1.02) 
-.089 

(-.91) 
-.239 

(-.41) 
-.236 

(-.69) 
Property taxes -.035 

(-1.27) 
-.044* 

(-1.73) 
-.299*** 

(-3.11) 
-.086** 

(-2.14) 
-.058 

(-.70) 
-.121 

(-1.41) 
-.229 

(-.57) 
.142 

(.64) 
Yield .195*** 

(13.26) 
.188*** 

(12.50) 
.274*** 

(3.91) 
.314*** 

(10.59) 
.384 *** 

(13.33) 
.375*** 

(12.75)  
.771*** 

(7.57)  
1.537*** 

(9.34)  
Prop. state tob., 
price support 

 .012 
(.38) 

 -.006 
(-.35) 

 -.066** 
(-1.98)  

 -.081 
(-.89) 

Prop. state acres, 
price support 

.016 
(.51) 

   -.056* 
(-1.71)  

   

Flue lease / 
transfer 

.015 
(.54) 

.011 
(.41) 

  -.087* 
(-1.86)  

-.103** 
(-2.24)  

  

Burley and other 
lease / transfer 

.036 
(1.49) 

.038 
(1.60) 

 .035** 
(-2.02) 

.0001 
(.00) 

.017 
(.34) 

 .258** 
(2.02)  

Flue marketing 
quotas 

.036 
(1.31) 

.021 
(.78) 

  .143** 
(2.39)  

.151** 
(2.44) 

  

Burley and other 
marketing quota 

Dropped Dropped  Dropped Dropped Dropped  Dropped 

Cross-county 
quota lease 

.004 
(.25) 

.003 
(.16) 

 -.0009 
(-.04) 

-.006 
(-.40) 

-.006 
(-.46) 

 .023 
(.45) 

Flue, bale sales 
allowed 

-.123*** 
(-3.12) 

-.124*** 
 (-3.17) 

  -.141*** 
(-4.03)  

-.128*** 
(-3.67)  

  

Burley, bale 
sales allowed 

-.039 
(-1.52) 

-.042* 
(-1.69) 

 -.076 
(-2.02) 

-.066 
(-1.46) 

-.078* 
(-1.76)  

 -.261** 
(-2.16)  
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Table B.33 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Agriculture / 
GDP 

.016 
(.26) 

 .142 
(.36) 

.021 
(.24) 

.073 
(.41) 

 .315 
(.51) 

-.220 
(-.51) 

Tobacco / 
agriculture 

.233*** 
(5.14) 

 2.628*** 
(3.79) 

.024 
(.47) 

.503*** 
(3.92)  

 .753*  
(1.84) 

.201 
(-.51) 

Ag. / GDP, state-
US 

 .050 
(1.21) 

   .142** 
(2.35)  

  

Tobacco. / ag, 
state-US 

 .245*** 
(6.12) 

   .384** 
(4.61)  

  

Constant 162.30*** 
(15.94) 

180.59*** 
(16.15) 

94.12** 
(2.27) 

104.81*** 
(18.94) 

2.60 
(.49) 

2.95 
(.56) 

-2.52 
(-.86) 

4.54 
(.47) 

N 251 251 44 126 251 251 44 126 
Within R2 .626 .640 .905 .536     
Between R2 .721 .713 .648 >.999     
Overall/ adj. R2 .649 .684 .007 .875 .636 .625 .549 .549 
BIC 2415.35 2410.94 368.01 952.18     
Est. rho .784 .724 .250 .749 .026 -.027 .041 .072 
Residual 
normality 

(3.50)*** (3.08)***  (1.51)*  (.05)  (4.23)***  (3.98)***  (.24)  (3.27)*** 

*** p<0.01 ** p<0.05 * p<0.1
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proportion at the state level and the national level.  The two models for Maryland tobacco 

are not directly comparable because government intervention for this type was not 

present for most of the period.  Finally, substantial differences in direction are present in 

the comparison between the burley models presented in table 6.14 and the other non-cigar 

tobaccos models presented in this table.  Farm wages are significant and negative for 

other tobaccos, and the proportion of state tobacco production under price support and the 

switch to baled sales both become insignificant.  For OLS models, the proportion of state 

tobacco production under price support loses significance, while cross-county leasing and 

the switch to bale sales both become significant. 

Table B.34 presents alternative models for farm structure and the markets as 

politics perspective to those presented in table 6.15.  The fixed effects models in table 

B.34 share no significant variables in common with each other or with model 1 of table 

6.15.  Yield loses significance in both alternative models.  Flue marketing quotas and 

burley lease and transfer are significant in the first alternate model, and the proportion of 

state acreage that falls under price support is marginally significant.  Relative measures of 

the importance of tobacco and agriculture to the state are not significant. 

Tables B.35 and B.36 present combined models for minor tobacco types, alternate 

models for aggregate tobacco, and alternate combined models for farm structure models.  

Substantive conclusions are not different between the alternate models presented in table 

B.35 and those presented in table 6.16.  Only farm wages and tobacco yield are 

significant for Maryland tobacco at the .05 level.  Support for elements of all three 

perspectives is apparent for other tobacco types, in line with results that are presented in  
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Table B.34: Alternative Models for Farm Structure, Economic and Markets 
as Politics Perspective, All Tobacco Farms 

 FE-AR1 OLS-PCSE 
Farm wages -.265** 

(-2.27) 
-.245 

(-2.11) 
.401** 

(2.14) 
.333* 

(1.87) 
Land value -.052 

(-.61) 
-.063 

(-.75) 
.391*** 

(2.80) 
.239* 

(1.92) 
Property taxes .048 

(1.05) 
.012 

(.26) 
.326*** 

(2.90) 
.192* 

(1.76)  
Yield .024 

(.52) 
.045 

(1.04) 
.482*** 

(2.78) 
.366*** 

(2.79) 
Prop. state tob., 
price support 

 .131 
(1.54) 

 .554 
(.18) 

Prop. state acres, 
price support 

.162* 
(1.91) 

 -1.701 
(-.96) 

 

Flue lease / transfer .068 
(1.56) 

.080 
(2.00) 

-.050 
(-.28) 

-.133 
(-.86) 

Burley and other 
lease / transfer 

-.230*** 
(-3.99) 

-.140 
(-2.45) 

.068 
(.42) 

-.162 
(-1.41) 

Flue marketing 
quotas 

-.152** 
(-2.07) 

-.087 
(-1.05) 

2.384 
(.92) 

-.697 
(-.16) 

Cross-county quota 
lease 

-.033 
(-1.44) 

-.037 
(-1.67) 

-.112 
(-1.52) 

-.134** 
(-2.22) 

Flue, bale sales 
allowed 

.007 
(.23) 

-.004 
(-.13) 

-.650*** 
(-3.53) 

-.517*** 
(-3.59) 

Burley, bale sales 
allowed 

-.018 
(-.49) 

-.034 
(-.96) 

-.178 
(-1.51) 

-.169** 
(-2.13) 

Agriculture / GDP .202 
(1.63) 

 -.243 
(-1.37) 

 

Tobacco / 
agriculture 

-.043 
(-.50) 

 .199 
(.94) 

 

Ag. / GDP, state-
US 

 .116 
(1.92) 

 .493*** 
(4.59) 

Tobacco. / ag, 
state-US 

 .018 
(.31) 

 .051 
(.44) 

Constant 166.29*** 
(12.94) 

165.58*** 
(12.57) 

-17.82*** 
(-3.36) 

-15.30*** 
(-2.92) 

N 48 48 48 48 
Within R2 .763 .777   
Between R2 .517 .618   
Overall R2 .262 .432 .262 .473 
BIC 381.69 380.53   
Est. rho .673 .659 .133 .148 
Residual normality (2.98)***  (-.46)  (1.70)**  (2.17)** 

*** p<0.01 ** p<0.05 * p<0.1; Table note: burley marketing quota dropped due to collinearity
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Table B.35: Combined Models, Maryland and Other Tobacco Production and Alternative Models 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 

Dep. var. Maryland Other All types All types Maryland Other All types All types 
Farm wages -.690*** 

(-3.10) 
-.174* 

(-1.71) 
-.133** 

(-2.20) 
-.011 

(-.20) 
-.044 

(-.25) 
.006 

(.07) 
.043 

(.99) 
.058 

(1.40) 
Land value -.106 

(-.79) 
.019 

(.20) 
-.055* 

(-1.87) 
-.077*** 

(-2.80) 
-.032 

(-.12) 
.220 

(1.19) 
-.043 

(-.68) 
-.046 

(-.84) 
Property taxes -.057 

(-.63) 
-.073* 

(-1.72) 
-.052* 

(-1.79) 
-.047** 

(-2.00) 
-.102 

(-.56) 
.007 

(.08) 
-.067 

(-1.56) 
-.031 

(-.78) 
Price .118 

(.97) 
-.102 

(-1.64) 
.022 

(.71) 
.013 

(.46) 
.282 

(1.10) 
-.174* 

(-1.75) 
.062* 

(1.66) 
.022 

(.66) 
Yield .165*** 

(3.05) 
.257*** 

(8.11) 
.187*** 

(12.50) 
.158*** 

(10.73) 
.843*** 

(3.46) 
.782*** 

(8.62) 
.569*** 

(10.87) 
.508*** 

(9.97) 
Trade – tob., 
quantity total 

-.945 
(-.42) 

.230*** 
(3.04) 

-.264*** 
(-2.61) 

-.298*** 
(-2.95) 

.034 
(.01) 

.332** 
(2.33) 

-.295 
(-1.48) 

-.361** 
(-1.96) 

Trade – tob., 
quantity net 

1.495 
(1.05) 

.106*** 
(3.22) 

-.099*** 
(-2.66) 

-.140*** 
(-3.78) 

.222 
(.06) 

.389*** 
(2.79) 

-.226 
(-1.42) 

-.333** 
(-2.27) 

Exports, by 
type 

-.041 
(-.94) 

.129** 
(2.37) 

.176* 
(1.84) 

.317*** 
(3.25) 

-.023 
(-.32) 

.261** 
(2.54) 

.173 
(.82) 

.339* 
(1.71) 

Trade – 
cigarette, total 

41.139* 
(1.80) 

-.118 
(-.38) 

-.099 
(-.49) 

-.351** 
(-2.15) 

16.530 
(1.05) 

.127 
(.30) 

.137 
(.57) 

-.017 
(-.08) 

Trade – 
cigarette, net 

-33.101 
(-1.53) 

.236 
(.86) 

.361** 
(2.00) 

.556*** 
(3.80) 

-10.910 
(-.70) 

.051 
(.12) 

.200 
(.83) 

.317 
(1.43) 

Trade – other 
product total 

5.515 
(1.52) 

-.330*** 
(-3.32) 

.023 
(.59) 

.0003 
(.01) 

11.114 
(.65) 

-2.250*** 

(-3.65) 
-.014 

(-.05) 
-.092 

(-.32) 
Trade – other 
product net 

4.642 
(1.45) 

-.266*** 
(-3.22) 

.024 
(.69) 

.001 
(.02) 

9.769 
(.59) 

-1.880*** 
(-3.23) 

.024 
(.08) 

-.068 
(-.24) 

Prop. state 
tob., price sup. 

-.061 
(-.68) 

.078 
(1.52) 

.045* 
(1.82) 

 -.168 
(-.84) 

.255 
(1.54) 

.072 
(1.51) 
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Table B.35 continued        
 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop. state 
acr., price sup. 

   .017 
(.61) 

   .059 
(.99) 

Flue lease / 
transfer 

  .060*** 
(2.93) 

.036 
(1.36) 

  .102* 
(1.82) 

.071 
(.91) 

Burley / other 
lease / transfer 

 .049 
(1.62) 

.007 
(.28) 

.036* 
(1.69) 

 .111 
(1.03) 

.017 
(.26) 

.031 
(.48) 

Flue mark. 
quota 

  -.029 
(-1.25) 

.032 
(1.24) 

  -.052 
(-.79) 

.052 
(.81) 

Cross-county 
quota lease 

 .007 
(.41) 

.015 
(.86) 

.007 
(.45) 

 .030 
(.56) 

.025 
(.94) 

.008 
(.30) 

Flue-cured, 
bale sales 

  -.035* 
(-1.71) 

-.039*** 
(-2.05) 

  -.063 
(-1.17) 

-.078 
(-1.53) 

Burley, bale 
sales allowed 

 -.088** 
(-2.50) 

-.077*** 
(-3.05) 

-.054*** 
(-2.36) 

 -.220** 
(-2.41) 

-.114** 
(-2.18) 

-.092* 
(-1.85) 

Agriculture / 
GDP 

.616 
(1.09) 

.046 
(.55) 

 .030 
(.52) 

.104 
(.19) 

-.013 
(-.12) 

 .013 
(.20) 

Tobacco / 
agriculture 

-1.179 
(-.92) 

.057 
(1.09) 

 .259*** 
(6.34) 

-1.709 
(-1.14) 

.095 
(.96) 

 .277*** 
(3.98) 

Constant 73.82*** 
(2.95) 

72.54*** 
(11.74) 

260.36*** 
(40.79) 

176.25*** 
(12.43) 

-5.06* 
(-1.70) 

-2.051 
(-1.50) 

-7.64*** 
(-2.98) 

-.497** 
(-1.99) 

N 42 126 275 251 42 126 275 251 
Within R2 .872 .652 .641 .729     
Between R2 1.000 .961 .687 .873     
Over. / adj. R2 .010 .895 .565 .840 .837 .670 .635 .708 
BIC 343.99 954.91 260.36 2389.1     
Est. rho .658 .761 .857 .688 .228 .149 -.053 -.055 
Resid. norm. (5.276)*** (.135) (5.838)*** (1.938)** (.857) (1.949)** (3.755)*** (4.182)*** 

*** p<0.01 ** p<0.05 * p<0.1; Table note: the burley marketing quota was dropped in all models due to collinearity 
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Table B.36: Alternative Models for Farm Structure, Combined Models, All Tobacco Farms 

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Farm wages -.044 

(-.32) 
-.013 

(-.10) 
-.006 

(-.04) 
.235 

(.71) 
.216 

(1.19) 
.262 

(1.36) 
.325** 

(2.26) 
.307** 

(2.22) 
Land value .096 

(1.06) 
.080 

(.96) 
.076 

(.76) 
-.328 

(-.66) 
.289** 

(2.23) 
.252* 

(1.66) 
.429*** 

(3.30) 
-1.765*** 

(-4.14) 
Property taxes .0005 

(.01) 
-.015 

(-.27) 
-.037 

(-.56) 
.062 

(.40) 
-.008 

(-.07) 
-.025 

(-.22) 
.049 

(.55) 
.070 

(.39) 
Tobacco price  -.117 

(-1.33) 
-.121 

(-1.70) 
-.119 

(-1.39) 
-.348 

(-1.21) 
-.121 

(-.91) 
-.201 

(-1.42) 
-.172* 

(-1.68) 
-.766** 

(-2.13) 
Yield .042 

(.78) 
.009 

(.19) 
.019 

(.37) 
.076 

(.38) 
.391*** 

(2.61) 
.318** 

(2.02) 
.301*** 

(2.63) 
.331*** 

(2.78) 
Trade–tobacco 
quantity total 

.421 
(.81) 

.347*** 
(3.23) 

.355 
(.68) 

.680 
(.41) 

1.474*** 
(3.14) 

.814*** 
(5.21) 

1.578*** 
(4.03) 

5.409 
(1.47) 

Trade–tobacco 
quantity net 

.037 
(.16) 

.029 
(.51) 

.027 
(.12) 

-.035 
(-.06) 

.385 
(1.45) 

.081 
(.79) 

.482** 
(2.31) 

1.911 
(.89) 

Exports -.103 
(-.22) 

 .010 
(.02) 

-.124 
(-.09) 

-.546 
(-1.55) 

 -.585** 
(-1.98) 

-2.629 
(-1.10) 

Trade – cigarettes 
quantity total 

-.809** 
(-2.54) 

-.734** 
(-2.61) 

-.792** 
(-2.31) 

-.726 
(-1.21) 

-2.193*** 
(-5.98) 

-2.030*** 
(-5.78) 

-2.197*** 
(-6.04) 

7.640 
(.40) 

Trade – cigarettes 
quantity net 

.623** 
(2.28) 

.570** 
(2.43) 

.634** 
(2.12) 

.351 
(.64) 

2.085*** 
(5.45) 

1.945*** 
(5.19) 

2.278*** 
(6.03) 

-10.746 
(-.46) 

Trade–other 
products total 

-.095 
(-1.18) 

-.085 
(-1.24) 

-.091 
(-1.07) 

-.243 
(-1.14) 

-.947*** 
(-4.63) 

-.699*** 
(-3.40) 

-.829*** 
(-5.69) 

-2.151*** 
(-4.85) 

Trade–other 
products net 

-.092 
(-1.23) 

-.077 
(-1.56) 

-.080 
(-1.01) 

-.203 
(-.92) 

-1.190*** 
(-4.49) 

-.857*** 
(-3.60) 

-1.213*** 
(-6.05) 

-3.076*** 
(-4.25) 

Prop., ops., small, 
state-US 

-.120 
(-.99) 

  -.065 
(-.38) 

-.249** 
(-2.02) 

  .081 
(.72) 
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Table B.36 continued        

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Prop., ops., large, 
state-US 

.110 
(1.00) 

  -.010 
(-.03) 

-.079 
(-.49) 

  -.423*** 
(-3.37) 

Prop., acr., small, 
state-US 

  .008 
(.08) 

   -.164 
(-1.51) 

 

Prop., acr., large, 
state-US 

  -.111 
(-.89) 

   -.347*** 
(-2.77) 

 

Proportion US 
estabs., state 

   -.101 
(-.44) 

   -.567*** 
(-3.23) 

Prop. estabs, 20+ 
emp. 

   -.025 
(-.54) 

   -.100 
(-1.59) 

Prop. production, 
price support 

 .013 
(.12) 

-.014 
(-.12) 

3.412 
(.40) 

 .045 
(.47) 

.126* 
(1.72) 

16.008** 
(2.32) 

Prop. state tob. 
acres, price supp.  

.053 
(.49) 

   .156 
(1.42) 

   

Flue lease / 
transfer 

.108* 
(1.98) 

.095** 
(2.07) 

.094* 
(1.76) 

.237* 
(2.71) 

.110 
(.57) 

.157 
(.84) 

-.019 
(-.10) 

1.927*** 
(6.32) 

Burley, other 
lease / transfer 

-.156** 
(-2.12) 

-.186** 
(-2.64) 

-.155* 
(-1.79) 

-.182 
(-2.07) 

-.514*** 
(-5.21) 

-.460*** 
(-4.01) 

-.351*** 
(-3.67) 

-.677*** 
(-3.94) 

Flue marketing 
quotas 

-.078 
(-.81) 

-.143* 
(-1.73) 

-.106 
(-.90) 

-.226 
(-1.38) 

-.126 
(-.88) 

-.121 
(-1.02) 

.017 
(.15) 

-.358** 
(-2.06) 

Cross-county 
quota lease 

-.046* 
(-1.96) 

-.049** 
(-2.26) 

-.045* 
(-1.87) 

.013 
(.13) 

-.143* 
(-1.80) 

-.157* 
(-1.82) 

-.134* 
(-1.69) 

Not 
estimated 

Flue, bale sales 
allowed 

-.080* 
(-1.88) 

-.080* 
(-1.99) 

-.076 
(-1.63) 

-.412 
(-.36) 

-.684*** 
(-3.63) 

-.643*** 
(-2.89) 

-.638*** 
(-3.62) 

Not 
estimated 

Burley, bale sales 
allowed 

-.045 
(-.98) 

-.030 
(-.73) 

-.024 
(-.50) 

.063 
(.79) 

-.121 
(-1.20) 

-.127 
(-1.16) 

-.051 
(-.60) 

.421*** 
(3.33) 
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Table B.36 continued        

 FE-AR1 OLS-PCSE 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 
Agriculture / 
GDP 

.168 
(1.13) 

.190 
(1.54) 

.109 
(.70) 

.212 
(.41) 

.418* 
(1.88) 

.240 
(1.13) 

.123 
(.67) 

.786*** 
(2.83) 

Tobacco / 
agriculture 

-.039 
(-.25) 

-.005 
(-.04) 

.055 
(.34) 

.159 
(.47) 

.035 
(.23) 

.198 
(1.46) 

.198 
(1.41) 

.288 
(1.48) 

Constant 124.39*** 
(6.14) 

166.13*** 
(10.24) 

164.72*** 
(7.08) 

-590.74 
(-.85) 

-9.13 
(-1.58) 

-9.53 
(-1.49) 

-18.36*** 
(-3.40) 

37.65*** 
(5.30) 

N 48 48 47 34 48 48 47 30 
Within R2 .873 .884 .884 .970     
Between R2 .057 .045 .394 .025     
Over. / adj. R2 .048 .214 .438 .264 .596 .562 .639 .831 
BIC 389.77 381.58 383.84 244.19     
Est. rho .678 .619 .640 .682 .234 .193 .311 .222 
Res. normality (1.819)\** (2.723)*** (1.471)* (2.138)** (.220) (.037) (-.856) (-.074) 

*** p<0.01 ** p<0.05 * p<0.1; Table note: the burley marketing quota was dropped in all models due to collinearity
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table 6.16.  Farm wages are negative and significant, while yield is positive and 

significant.  In addition, property taxes are significant at the .1 level.  Trade measures are 

generally significant and for fixed effects models, are of the expected direction.  Finally, 

the switch to baled sales is significant and negative, though causality is not clear due to 

the temporal relation to a downturn within the industry.  For OLS models, farm wages, 

cigarette trade, and the proportion of state production under price support all lose 

significance.  Price becomes marginally significant but the direction varies.  These 

patterns generally depart from those for burley production, despite similar spatial location 

and policy application.   

Finally, the alternative models for total production evaluate the exact measure of 

the proportion of state production that falls under price support and the importance of the 

general measures of industry importance to the state.  Farm wages, net cigarette trade, 

and the proportion of state tobacco covered by price support become significant in model 

3, where agriculture as a share of GDP and tobacco as a share of agriculture are removed.  

By contrast, the use of acres, rather than tobacco production, as the basis for the 

proportion of state tobacco covered by price support does not produce substantial 

differences in the results.  OLS alternatives, presented in models 7 and 8, also display 

slight changes in comparison to model 4 of table 6.16.  Total and net tobacco trade lose 

significance in model 7, and very little change in magnitude is present in model 8. 

Table B.36 evaluates alternative models for farm structure, uses all tobacco farms 

as the dependent variable, and stands as a contrast to table 6.17.  Models 1 and 5 use 

acreage instead of production as the basis for the proportion of tobacco covered by price 
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support program.  Models 2 and 6 remove tobacco exports to assess its effects on total 

and net tobacco trade.  Models 3 and 7 remove the proportion of all farms that are large 

and small, and models 4 and 8 include industry-specific manufacturing establishment 

information previously dropped due to incomplete coverage.  The most substantial 

changes in significance fall among OLS models, particularly models 7 and 8.  By 

contrast, few substantive changes are present among the fixed effects alternatives.  Total 

tobacco trade becomes significant in model 2 due to the exclusion of export information.  

The inclusion of manufacturer establishment information eliminates the significance of 

cigarette trade, though the reduced sample size in fact may be responsible.  All four fixed 

effects models contain a significant or marginally significant effect for flue-cured and 

burley lease and transfer authorization.  However, significance at the .05 level is lost for 

cross-county lease and for baled sales authorization for flue-cured tobacco.  The use of 

acreage as the basis for the proportion of tobacco to which price supports apply does not 

change the conceptual effect.  The exclusion of export information produces significance 

among the remaining trade terms in model 2.  The use of acreage as the basis for the 

proportion of farms classified as either small or large reduces the significance of small 

farms but does not affect the significance of the large category.  Finally, none of the 

measures of manufacturers is significant in model 4. 

 For reasons that are not clear, much more variability is present between model 5 

of table 6.17 and the alternatives presented in table B.36.  Farm wages become significant 

for two alternative models, land value becomes marginally significant for one model, and 

tobacco price becomes significant for one model and marginally significant for another.  
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Measures of the global commodity chains and markets as politics perspectives also 

change with respect to significance, almost exclusively in models 7 and 8.  Due to the 

extremely large standardized coefficient values presented in model 8, this discussion 

considers this model unreliable and likely a product of the sharp reduction in sample size. 

Both net tobacco trade and the export measure become significant when acreage, and not 

farm counts, forms the basis of the farm size measures.  The proportion composed of 

large farms also becomes significant.  For the markets as politics perspective, model 7 

presents a marginally significant effect of the proportion of production that falls under 

price support.  Finally, agriculture as a proportion of GDP loses significance in two 

models.  In summary, the use of acreage as a basis for the proportion of production that 

falls under price supports and the elimination of the export variable do not substantially 

affect estimation.  The usage of acreage as a basis for farm size categories produces a 

significant effect for large farms and affects the significance and magnitude of several 

variables.  Finally, the proportion of tobacco manufacturing establishments located within 

the state is significant and negative, but at .567, the standardized coefficient is weak in 

contrast to most of the other coefficients.  As noted above, most of the variables increase 

in magnitude, often to more than 1.0, which indicates unreliability in derived estimates.
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Appendix C: Environmental Regulation Indices 

The environmental index produced by Herath, Weersink and Carpentier (2005) 

and employed in this study is a collection of environmental indices generated by different 

authors at different points in time.  This appendix details each index in terms of scores 

received by the pork industry states in this study and the specific measures employed in 

the index.  In most cases, the total or final score is used in this study.  In the case of the 

Metcalfe indices for 1994 and 1998, and for the Herath, Weersink and Carpentier index 

used for 1999-2005, moratoria for hog farms was removed and the index reproduced.  

This allowed the study to model the effects of moratoria separately from general 

environmental stringency and performance. 

C.1. Conservation Foundation Index, 1983 and 1984 

The author compiled an index of 23 indicators, most of which are not specific to 

agriculture.  Below I list the indicator, the value range, and the value received by each 

state in this study.  The following table details each item.  A table listing the scores of 

each pork industry state by item follows. 

Table C.1: Description of Conservation Foundation Index Items 

Item Description 
Congressional voting 
record 

Voting record of state’s congressional delegation on 
environmental and energy issues 

State EIS process Existence of state environmental impact statement process 
Priority environmental 
protection 

State planning director’s ranking of priority given environmental 
protection by state legislature 

Wildlife tax check-off Existence of state income tax check-off for wildlife and fisheries 
programs 

Hazardous waste program Existence of EPA-authorized state program for hazardous waste 
control under the Resource and Recovery Act 
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Table C.1 continued  
Item Description 
$ for environmental 
quality control 

Per capita environmental quality control expenditures 
 

Umbrella environmental 
agency 

Existence of one umbrella state environmental agency with 
responsibility for any three of air, water, noise, and hazardous 
waste pollution 

Solar energy tax breaks Existence of tax breaks for residential and nonresidential use of 
solar energy 

Protection of rivers Existence of state protection of wild, scenic, or recreation rivers 
$ for noise pollution Per capita expenditures for noise control programs 
Endangered species, 
wetlands 

Existence of critical-area legislation protecting wetlands or 
endangered species habitat 

$ for state parks Per capita expenditures for state parks 
Power plant siting law Existence of state power plant siting law with an environmental 

review process 
Comprehensive land use 
planning 

Existence of state requirements for comprehensive land use plans 
and consistency of land use decisions 

Environment is stated 
goal 

Existence of environmental protection as a stated goal in state land 
use law 

Surface mine reclamation Existence of state surface mine reclamation program approved 
under the Surface Mining Control and Reclamation Act 

Flood plain protection Existence of state floodplain law regulating development in 
floodways and floodplains 

Dillard study Existence of specific state land-use policies or laws 
Aesthetics and zoning Adoption of an aesthetic rationale, standing alone, to support use 

of the police power 
$ for natural resources Per capita expenditures for natural resources, parks and recreation, 

sewerage, sanitation, and housing and urban renewal 
Solid waste program Existence of EPA-approved state solid (nonhazardous) waste 

management plan under the Resource Conservation and Recovery 
Act 

Agricultural preservation Existence of agricultural preservation tools 
Historic preservation Existence of a state register of historic places or recognition of 

conservation restrictions 
Source: Duerksen 1984: 218-223 
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Table C.2: Scores Received by Pork Industry States for 1983 and 1984 

 Range Illinois Iowa Minnesota 
North 

Carolina Texas 
Congressional voting record 0-4 2 3 2 1 1 
State EIS process 0-4 0 0 4 4 2 
Priority environmental 
protection 

0-4 1 3 4 1 2 

Wildlife tax check-off 0-1 1 1 1 1 0 
$ for environmental quality 
control 

0-6 4 1 6 2 0 

Hazardous waste program 0-2 1 1 0 2 2 
Umbrella environmental 
agency 

0-1 1 1 1 1 0 

Solar energy tax breaks 0-2 0 0 1 2 2 
Protection of rivers 0-2 0 2 2 2 0 
$ for Noise pollution 0-2 2 0 0 0 0 
Endangered species, wetlands 0-2 1 1 2 1 2 
$ for state parks 0-2 2 0 1 0 1 
Power plant siting law 0-3 0 3 3 1 1 
Comprehensive land use 
planning 

0-4 0 1 3 1 1 

Environment is stated goal 0-2 0 0 2 0 0 
Surface mine reclamation 0-3 2 2 0 0 2 
Flood plain protection 0-2 2 2 2 1 0 
Dillard study 0-6 3 1 5 2 4 
Aesthetics and zoning 0-2 0 1 1 0 0 
$ for natural resources 0-2 0 0 1 0 0 
Solid waste program 0-2 2 2 2 2 1 
Agricultural preservation 0-3 2 2 2 0 0 
Historic preservation 0-2 2 2 2 1 1 
TOTAL 0-63 28 29 47 25 22 

Source: Duerksen 1984: 224-225. 

C.2 The Fund for Renewable Energy Index, 1987 

The author collapsed numerous indicators into 6 broad sets of environmental 

programs, most of which are not specific to agriculture.  The following table lists the 

constituents of each of these programs.  Table C.4 lists the score received by each pork 

industry state by environmental program. 
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Table C.3: Description of the Fund for Renewable Energy Index Items 

Item and Description 
Air Programs 
- Number of counties with State Implementation Plan (SIP) deficiencies, 1986 
- Count of criteria pollutants exceeding primary standards in one or more designated area; 

pollutants captured are carbon monoxide, nitrogen oxides, sulfur oxides, ozone, and 
suspended particulates 

 Total number of monitors for criteria pollutants 
- Number of enforcement actions 
- Number of EPA sanctions imposed as consequence for SIP deficiencies 
- Toxic pollutant control program in place; yes/no 
- Acid deposition control program in place; yes/no 
- Conducts research on acid rain; yes/no 
- 1985 total air program budget, in dollars 
- 1982 total air program budget, in dollars 
 
Soil Conservation Programs 
- Statewide conservation program; yes/no 
- Erosion and sediment control laws; yes/no 
- Established soil loss limits; yes/no 
- Approved plan required before soil can be disturbed; yes/no 
- Provisions for enforcement and penalties; yes/no for each 
- Cost-sharing for soil conservation; yes/no 
- Average number of tons lost (sheet and rill) per acre on total cropland, 1982 
- Percentage of cropland needing erosion control 
- Percentage of total cultivated acres in conservation tillage 
- Funds appropriated by state/local government for soil conservation programs, 1985 
 
Solid Waste Programs 
- Solid waste management plan; 1-EPA approved, 2-EPA partially approved, 3-adopted plans 

submitted to EPA for review, 4-draft plan under state or EPA review, 5-no plan 
- Regulations for landfill safety and control; 1-out of 31 reviewed requirements most included 

in state regulations, 2-half of 31 requirements included in state regulations, 3-few of 31 
requirements in state regulations, 4-almost no enforceable requirements 

- Recycling program – 1-4, 1-comprehensive with respect to funding, waste reduction, market 
development; 2-funded and emphasis on recycling legislation and market development; 3-
limited funding but reduction in litter and/or market development; 4-limited funding and 
efforts restricted to state purchase of recycled paper, recycling hotline, or private initiative 

- Total number of monitoring of groundwater 
- Total number of inspections 
- Frequency of inspections for 60% of landfills, in number of days 
- Number of groundwater violations 
- Number of subtitle D landfills 
- Number of subtitle D surface impoundments 
- Estimated solid waste tonnage per day, average of 3.5 pounds per person per day 
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Table C.3 continued  
Item and Description 
Hazardous Waste Programs 
- State Superfund statutes; yes/no 
- Small quantity generator regulations; yes/no 
- Underground injection restrictions; yes/no 
- Pre-HSWA final authorization; yes/no 
- Community right to know; yes/no 
- Incentives to reduce or recycle; yes/no 
- Household hazardous waste collection; none, statewide, local/county 
- Number of National Priority List sites 
- Number of Erris List sites 
 
Groundwater Programs 
- Legislative authority to implement strategy management plan; yes/no 
- Groundwater strategy management plan in place; yes/no 
 
- Groundwater quality standards in place; yes/no 
- Strategy plan includes mapping; yes/no 
- Leaking underground storage tank legislation; yes/no 
- Non-degradation or limited degradation as state policy; yes/no for each 
- Monitoring for pesticides, salt water intrusion, hazardous waste, and non-hazardous waste; 

yes/no for each 
- State policy for controlled land use areas; yes/no 
- Percentage of population served by groundwater 
- Groundwater withdrawal per day 
 
Energy Programs 
- Least cost provision and regulations; 1-comprehensive state authority; 2-some state 

authority; 3-little state authority 
- Income tax credits for solar and renewable energy systems; either “no”, dollar value, or a 

percentage 
- Percentage use of available solar energy/energy conservation bank funds used on 

conservation 
- Percentage use of available solar energy/energy conservation bank funds used on solar 
- Building code provisions; yes/no 
- Appliance efficiency standards; yes/no 
- Limits on energy plant over construction); none, partial, short term 

Source: Ridley 1987 
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Table C.4: Scores Received by Pork Industry States for 1987 

 
 Range Illinois Iowa Minnesota 

North 
Carolina Texas 

Air Programs 1-10 7 5 5 8 7 
Soil 
conservation 
programs 

1-10 9 10 6 7 2 

Groundwater 
programs 

1-10 5 5 5 8 2 

Hazardous 
waste 
programs 

1-10 7 5 9 6 5 

Solid waste 
programs 

1-10 7 7 9 6 3 

Renewable 
energy and 
energy 
conservation 

1-10 6 7 4 7 7 

TOTAL 6-60 41 39 38 42 26 
State rank  8 11 12 7 32 

Source: Ridley 1987 
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C.3 The Renew America Index, 1989 and 1990 

The Renew America Index is constructed from 17 separate indices of state 

initiatives related to the environment and state activism.  This index is available in Hall 

and Kerr (1991).  Each index, the value range, and the value received by each state in this 

study are listed in table C.5. 

Table C.5: Description of and Scores for the Renew America Index Items 

 Range Illinois Iowa Minnesota 
North 

Carolina Texas 
Forest management, 1989 1-10 5 3 8 5 3 
Waste recycling, 1989 1-10 8 8 8 3 3 
Drinking water policy, 89 1-10 5 7 6 8 4 
Food safety policy, 1989 1-10 4 10 8 6 7 
Growth management, 1989 1-10 6 6 8 7 4 
Surface water, 1988 1-10 4 8 6 10 1 
Pesticide control, 1988 1-10 5 5 7 5 9 
Land use plans, 1988 1-10 5 3 5 8 3 
Indoor pollution, 1988 1-10 5 6 6 4 2 
Highway safety, 1988 1-10 6 6 6 5 2 
Energy pollution, 1988 1-10 4 6 8 8 2 
Air pollution, 1987 1-10 7 5 5 8 7 
Soil conservation, 1987 1-10 9 10 6 7 2 
Groundwater control, 1987 1-10 5 5 5 8 2 
Hazardous waste, 1987 1-10 7 5 9 6 5 
Solid waste mgmt., 1987 1-10 7 7 9 6 3 
Energy conservation, 1987 1-10 6 7 4 7 7 
TOTAL 1-170 97 107 114 111 57 

Source: Hall and Kerr 1991:146-147 
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C.4 The Green Index, 1991 and 1992 

The authors compile the presence of 50 initiatives into an index.  Most of these 

policies are not specific to agriculture, and most policies are based on sources or reports 

from other entities.  Table C.6 lists the initiatives and their descriptions by subject area, 

while table C.7 lists the values received by each state. 

Table C.6: Description of the Green Index 

Item Description 
Recycling  
Statewide law State has a comprehensive recycling law with statewide plan of action 

with one or more provisions for stimulating recycling 
Grants or loans State law provides grants or loans to assist local implementation 
Sets specific goals State law has specific waste reduction goals 
Mandatory action Law requires mandatory recycling programs for municipalities 
Source separation Separation of different recycled materials required 
Buy recycled goods State agencies allowed to spend 5-10% more for products made with 

recycled content 
Goals for buying Sets goals for amount recycled material purchased by agencies  
Offer tax aid State gives tax incentives for recycling 
Bottle return law Recycling law levies deposit redeemable from retailers 
Limit one-time diapers State has law to discourage use of disposable diapers and/or to 

promote use of biodegradable or cloth diapers 
Newsprint reuse By law, or under voluntary agreement reports to state, publishers 

must meet goals for using recycled newsprint 
  
Landfills  
Test groundwater State has groundwater standard for municipal landfills 
Cleanup standards Specific corrective actions of leaking landfills are identified 
  
Toxic waste  
Superfund plan State has authorized, active, and funded cleanup program for 

Superfund and state-identified hazardous waste sites 
Right to sue State Superfund statute allows citizens to sue toxic polluters 
Strict liability State Superfund statute hold polluters to strict liability standards 
Right to know Promotes public access to info. on toxic chemical usage/releases 
Aid For RTK access State has fees, other funds of right-to-know programs 
Worker protection Members of state emergency response commission (SERC) and local 

emergency planning committee (LEPC) protected from liability 
claims 

Toxic cuts law Law promoting cuts in toxic chemical production at its source 
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Table C.6 continued  
Item Description 
Plan and reports cuts Law includes requirements for facilities to plan/report on reductions, 

allows use of traditional waste management strategies 
Focus on toxics 
reduction 

Law requires reduction plans and reporting, does not count use of 
traditional waste management practices (incineration, end-of-pipe 
treatment, off-site recycling, transfer to another medium) 

  
Air Pollution  
Stop acid rain Early adopter of initiative to control SO2, NO emissions 
Control air toxics State has air toxics control program in place 
Emission fees State collects fees from holders of emission permits 
Ozone protection State has law/plan to ban, recycle, reduce consumption of 

chlorofluorocarbons 
 
Water Quality  
Issue NPDES permit EPA has approved state program for issuing National Pollution 

Discharge Elimination System permits 
Regulate federal sites State has authority to regulate wastewater discharge from federal 

facilities 
Pretreatment program State has EPA-approved program for requiring pretreatment of 

wastewater sent to facilities with NPDES permits 
Protect groundwater State has a plan for protecting groundwater from contamination 
Underground tanks State law sets criteria for underground tanks, leaks, cleanup 
Groundwater toxics State uses specific standards for a dozen+ hazardous chemicals 
Wetland protection State has law protecting inland or freshwater wetlands 
Phosphate ban State bans phosphate in laundry detergent 
  
Agriculture  
Pesticide permits State requires permit before pesticides may be sprayed 
Certify organic foods State certifies “organic” crops or has regulation that defines “organic” 

food 
Assist organic 
marketing 

State personnel or programs assist the marketing of organic foods 

Assist sustainable 
farming 

State assists low-input or sustainable farming with its own grants 

Biotechnology State regulates release of genetically produced or altered organisms 
into environment 

  
Energy and Transit  
Least cost energy State program makes utilities plan construction and conservation to 

minimize need for new power plants; includes public hearings 
Stop global warming State law promotes energy conservation, reduction in emissions 
Local auto tests Inspection of exhaust, emission system required in some localities 
State auto tests Inspection of exhaust or emission system required statewide 
Certify auto tests Certificate of compliance required 
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Table C.6 continued   
Item Description 
Seat belt law State law requires use of seat belts 
Mass transit funds State used part of its oil overcharge refund from the U.S. Department 

of Energy for rideshares, vanpools 
  
Place and Pollution  
Growth management 
plan 

State has law for growth management planning for entire state 

Coastal zone 
management 

State has comprehensive coastal zone management plan 

Indoor pollution Regulates smoking/other pollutants, 10+ types of locations 
Workplace safety Federal jurisdiction over workplace safety prevails through OSHA, or 

the state has own program with tougher standards  
Source: Hall and Kerr 1991: 149-155 

Table C.7: Scores Received by Pork Industry States for 1991 and 1992 

 Illinois Iowa Minnesota 
North 

Carolina Texas 
Recycling      
Statewide law X X X X  
Grants or loans X X X X  
Sets specific goals X X X X  
Mandatory action      
Source separation      
Buy recycled goods    X  
Goals for buying X X    
Offer tax aid X X  X X 
Bottle return law  X    
Limit one-time diapers      
Newsprint reuse      
      
Landfills      
Test groundwater  X X X X 
Cleanup standards    X X 
      
Toxic Waste      
Superfund plan X  X  X 
Right to sue  X    
Strict liability X X X  X 
Right to know X  X   
Aid For RTK access   X  X 
Worker protection  X X X  
Toxic cuts law X  X X  
Plan and reports cuts   X X  
Focus on toxics reduction      
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Table C.7 continued      

 Illinois Iowa Minnesota 
North 

Carolina Texas 
Air Pollution      
Stop acid rain   X   
Control air toxics X X  X X 
Emission fees X X X  X 
Ozone protection X X X   
      
Water Quality      
Issue NPDES permit X X X X  
Regulate federal sites X X X X  
Pretreatment program  X X X  
Protect groundwater X X X X  
Underground tanks X X X X X 
Groundwater toxics X  X X  
Wetland protection   X   
Phosphate ban   X X  
Agriculture      
Pesticide permits     X 
Certify organic foods   X  X 
Assist organic marketing  X X X X 
Assist sustainable farming   X   
Biotechnology   X X  
      
Energy and Transit      
Least cost energy X    X 
Stop global warming  X X   
Local auto tests X  X X X 
State auto tests      
Certify auto tests X    X 
Seat belt law X X X X X 
Mass transit funds  X X X X 
      
Place and Pollution      
Growth management plan      
Coastal zone management    X  
Indoor pollution  X X   
Workplace safety X    X 
      
TOTAL 22 23 31 24 18 
State Rank 19 18 10 16 28 

Source: Hall and Kerr 1991: 142-145 
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C.5 Institute for Southern Studies Index, 1993 and 1994 

The author compiled an index of 20 items, including the prevalence of pollutants 

and state intervention, most of which are not specific to agriculture.  Table C.8 describes 

each index item, and Table C.9 lists the index item, the value range, and the value 

received by each pork industry state. 

Table C.8: Description of the Institute for Southern Studies Index 

Item Description 
Hazardous waste  Hazardous waste generated in 1991, pounds per person. 
Total toxic chemical 
discharges 

Toxic chemicals released in 1992, pounds per person 

Cancer causing toxins Cancer causing toxins released in 1991, pounds per person 
Solid waste generated Municipal solid waste generated in 1993, pounds per person 
Solid waste recycled Percentage of solid waste recycled, average for 1992 and 1993 
Pesticide use Pounds of active ingredients in herbicides, fungicides, and pesticides 

applied per acre in 1987 
Fertilizer used Fertilizer use in 1993, pounds per person 
Total water use All water uses, gallons per day per person, 1990 
Spills of hazardous 
liquids 

Gallons of unauthorized releases of hazardous substances, total for 
1990-1992 

Global warming gases Tons of carbon dioxide, carbon monoxide, volatile organic 
compounds, nitrogen oxides, methane, and chlorofluorocarbons 
released per person, estimates apply to 1991 but are based on data 
stretching back to at least 1985 (Piccot and Saeger 1991). 

Air quality Score based on degree to which residents live in areas that exceed 
national ambient air quality standards for ozone and/or carbon 
monoxide, 1992-1993 

Average gasoline usage 
efficiency 

Average miles traveled by car, truck, or bus per gallon of gas 
consumed, 1992 

Vehicle usage Thousands of miles driven by cars, trucks, or buses per square mile 
of land in state, 1992 

Total energy 
consumption 

Millions of BTUs consumed per capita, 1992 

Change in per capita 
energy consumption 

Percent change in per capita energy consumption, 1973-1992 

State spending on the 
environment 

Total spending in fiscal 1991 for state programs addressing 
environmental and natural resource protection, all government 
funding sources except funds raised and spent by local governments 

State budget spent on 
the environment 

State spending on environmental and natural resource protection as 
proportion of state budget, fiscal 1991 
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Table C.8 continued  
Item Description 
Environment policy 
record 

Score based on 67 policy indicators measuring state initiative to 
protect the environment 

Pollution subsidy 
versus investment 

Score based on capital expenditures for pollution abatement made by 
a state’s industries compared to national average for industries with 
similar chemical emissions.  Negative numbers indicate higher than 
average investment in pollution abatement. 

Emissions to jobs ratio Pounds of toxic chemical emissions per manufacturing job, 1991. 
Source: Hall 1994: 22-24 

Table C.9: Scores Received by Pork Industry States for 1993 and 1994 

 Range Illinois Iowa Minnesota 
North 

Carolina Texas 
Hazardous waste  11-30,540 3,305 1,097 4,536 1,223 22,143 
Total toxic chemical 
discharges 

0.9-166.2 35.8 24.5 14.2 35.0 46.1 

Cancer causing toxins 0.1-93.5 7.3 2.4 2.8 7.0 72.9 
Solid waste generated 1,373-3,466 2,530 1,622 1,964 2,014 2.776 
Solid waste recycled 4-40 38 8 40 5 12 
Pesticide use 0.3-41.3 2.4 3.0 1.8 3.6 2.4 
Fertilizer used 3-2,164 474 1,620 657 165 169 
Total water use 524-19,568 1,577 1,030 747 1,350 1,484 
Spills haz. liquids 12-9,750 1,548 180 476 840 9,750 
Global warming 
gases 

9.6-163.4 30.8 26.4 19.7 18.7 31.2 

Air quality 0.00-5.41 3.18 0.00 0.53 0.72 1.62 
Average gasoline 
usage efficiency 

13.11-20.33 16.22 14.83 17.40 17.34 16.41 

Vehicle usage 7-8,008 1,576 428 517 1,386 624 
Total energy 
consumption 

200-1,043 300 330 306 295 562 

Change in per capita 
energy consumption 

-23.2-77.6 -15.5 -1.6 -3.9 6.9 -15.7 

State spending on the 
environment 

13.98-519.79 35.17 23.74 50.50 16.96 18.36 

State budget spent on 
the environment 

0.62-5.79 1.63 0.97 1.74 0.75 1.06 

Environment policy 
Record 

23.1-77.4 50.6 54.5 64.6 56.7 37.4 

Pollution subsidy 
versus investment 

-243-411 -22 30 10 28 14 

Emissions/jobs ratio 24-2,623 126 174 108 135 445 
Final Score 282-708 563 491 381 578 703 

Source: Hall 1994: 16-19 
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C.6 Metcalfe Index, 1994-1998 

Identified states for his study are those that initiated cost-sharing programs, which 

assist operators with compliance costs for mandated protections.  The index compiles 11 

items, all of which are specific to animal feeding operations.  One item, moratoria, was 

removed by me and made a separate variable.  As a result, while I report Metcalfe’s 

findings, the index modeled is adjusted.  Texas was not captured by Metcalfe’s study.  

This study imputes the average for all 19 states captured by Metcalfe, following Herath, 

Weersink, and Carpentier (2005). 

Table C.10: Description of the Metcalfe Index 

Item Description 
Local control Some regulation is imposed at county/natural resource district lvl. 
Facility design 
approval 

Requirements for appropriate engineering of the feeding operation 

Waste system 
approval 

Requirements for engineering of waste-collection and/or storage system 

Geological testing Testing of the soil and/or groundwater near feeding ops. required 
Public notice Public notice and/or public hearings required on operation proposal 

Setbacks 
Distances regulated for facility and/or manure storage separation from 
property lines and/or surface water and groundwater 

Nutrient 
management plan 

Plan required to demonstrate manure application to field occurs at 
agronomic rates 

More stringent than 
NPDES 

State legislation imposes size restrictions more stringent than the federal 
NPDES permit program 

Bonding 
Proof of financial responsibility is required for manure leaks and spills 
as well as system closures 

Moratoria 
Severe restrictions have been imposed on size of operations or on total 
production 

Cost share program 
State as cost-share program(s) to help operations adopt approved 
manure-management practices (Metcalfe2000: 527) 

Source: Metcalfe 2000a: 527 
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Table C.11: Scores Received by Pork Industry States for 1994-1998* 

 
Sample 
Range Illinois Iowa Minnesota 

North 
Carolina Texas 

1995-1996       
Local control 0-2 0 0 1  - 

Facility design 
approval 

0-2 1 1 1 1 - 

Waste system approval 0-2 0 1 2 1 - 

Geologic testing 0-2 0 1 1 0 - 

Public notice 0-2 0 0 0 0 - 

Setbacks 0-2 1 1 1 0 - 
Nutrient mgmt. plan 0-2 0 0 1 0 - 

More stringent than 
NPDES 

0-2 0 0 1 0 - 

Bonding 0-2 0 0 0 0 - 

Moratoria 0-2 0 0 0 0 - 
Cost share program 0-2 0 1 0 0 - 
TOTAL 1-8 2 4 8 1 3.63 

       

1997-1998       

Local control 0-2 0 0 1 1 - 

Facility design 
approval 

0-2 1 1 1 1 - 

Waste system approval 0-2 1 2 1 1 - 

Geologic testing 0-2 1 1 1 0 - 
Public Notice 0-2 1 1 0 1 - 
Setbacks 0-2 1 2 1 1 - 
Nutrient mgmt. plan 0-2 1 1 1 1 - 

More stringent than 
NPDES 

0-2 1 1 1 0 - 

Bonding 0-2 1 0 0 0 - 
Moratoria 0-2 0 0 2 2 - 
Cost share program 0-2 0 1 1 1 - 
TOTAL 2-10 8 9 9 8 7.16 

*Note: 0 = none; 1  = exists; 2 = extensive 
Source: Metcalfe 2000a: 525-526 

C.7 Herath, Weersink, and Carpentier Index, 1999-2005 

The index compiles seven items, all of which are specific to animal feeding 

operations.  Two items, moratoria and anti-corporate farming legislation, were removed 
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and captured by separate variables.  The following tables retain these items.  Table C.12 

describes the index constituents, and table C.13 lists the values received by the pork 

industry states for each item. 

Table C.12: Description of the Herath, Weersink, and Carpentier Index 

Item Description 
Anti-corporate Corporations prohibited from owning farmland, engaging in confined 

livestock operations 
Moratoria Limits imposed on total production or number of operations in state 
Local control Local governments administer, enforce policies and regulations 
Bonding Bonding required to pay for costs or for closure of abandoned facilities 
Cost share Cost-sharing, incentive programs to encourage compliance with 

regulations, not including the Environmental Quality Incentives Program 
Nutrient standards Restrictions on manure application or timing 
Setback Minimum setback distance required multiplied by average farmland 

price in state (normalized by dividing through by maximum setback 
measure) 

Source: Herath, Weersink, and Carpentier 2005: 59 

Table C.13: Scores Received by Pork Industry States for 1999-2005 

 Range Illinois Iowa Minnesota 
North 

Carolina Texas 
Anti-
corporate 

0-1 0 1 1 0 0 

Moratoria 0-1 0 0 1 1 0 
Local 
control 

0-1 0 0 1 1 0 

Bonding 0-1 1 1 0 0 0 

Cost share 0-1 0 0 0 0 0 
Nutrient 
standards 

0-2 2 1 2 2 2 

Setback 0-1 1 .25 .35 .98 .09 

Total 0-8 4 3.25 5.35 4.98 2.09 

Source: Herath, Weersink, and Carpentier 2005: 58-59
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