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Abstract 

While property rights-based management is theoretically purported enhance 

economic efficiency in fisheries by reducing over-capitalization and extending fishing 

seasons, the social and economic empirical outcomes are less comprehensively 

understood. International adoption of rights-based management to manage pollution, 

fisheries, and water-quality increasingly modifies these management approaches to 

achieve a wider set of policy goals. Argentina, in particular, interjected economic, social, 

and ecological objectives into a fisheries individual and transferable quota (ITQ) program 

through a use-it-or-lose-it penalty, a unidirectional quota transfer restriction between 

coastal and offshore processing vessels, and a social quota reserve.  

The present dissertation utilizes historical data, including legislative documents 

from 1998 to 2016, monthly fisheries effort and landings data from 2007-2016, and annual 

data on quota allocation and transfers from 2010-2016, to evaluate the process through 

which Argentine designed its ITQ program and its social and economic outcomes.  

The first chapter is an institutional analysis of the ITQ program in Argentina and 

lends insight into how and why configurations of rights-based managed differ across 

socio-economic contexts. The next two chapters build on the results of the first chapter to 

evaluate to what extent it achieved social and economic objectives through two specific 

policy modifications: a use-it-or-lose-it penalty and a social quota reserve.  
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In the second chapter, I develop a two-stage empirical model to evaluate how 

ecological and economic uncertainties influence intra-seasonal production decisions in an 

ITQ fishery. The results demonstrate that fresh catch fishing vessels are 

disproportionately impacted by this policy, relative to offshore processing fishing vessels. 

This unintended consequence of a policy meant to protect small and medium sized vessel 

owners could be due to an interaction with the unidirectional trading restriction or the 

substitution of fishing effort into the more lucrative shrimp fishery.  

Finally, I estimate determinants of fishing vessel exit from an ITQ-regulated 

fishery and evaluate to what extent additional social quota allocation extends the expected 

lifespan of coastal, fresh catch fishing vessels in that fishery. The results demonstrate that 

both social quota allocation and participation in the shrimp fishery extend a fishing 

vessel’s participation in the ITQ-regulated hake fishery.  

Together, these results suggest that policy modifications to rights-based 

management regimes can influence social and economic outcomes, although whether the 

intended outcomes are achieved depends on the heterogeneity of the fishery, the ability 

of fishing vessels to substitute effort into non-regulated fisheries, and macroeconomic 

conditions, such as fuel and export prices.  
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1.  Introduction 

The purpose of this dissertation is to understand how configurations of property 

rights-based management of natural resources influence economic, social, and ecological 

outcomes in developing coastal economies. Despite a global transition to property rights-

based management to reduce emissions and to manage natural resources, there is a 

limited understanding of how these regimes are implemented in developing countries 

and the economic outcomes of these regulations. This dissertation will build on the 

existing literature and integrate economic, social, and ecological data to expand current 

understandings of property-rights based management design and outcomes in a 

developing country context.  

1.1 Motivation 

The fishing industry is a key contributor to food security, local livelihoods, and 

export earnings in developing countries (Smith et al., 2010). Developing countries are 

increasingly exporting seafood to developed countries, accounting for 50% of 

international seafood trade (FAO, 2009). However, wild fishery stocks are susceptible to 

over-fishing due to the common-pool nature of the resource. Governance of common-

pool resources in developing countries often relies on community-based management, 

which could be destabilized by growth in the export-oriented sectors (Copes and 

Charles, 2004; Ostrom et al., 1999; Smith et al., 2010). Rights-based management, on the 

other hand, requires effective governance and should be “consistent with local culture 
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and knowledge that benefit the people and communities of the target region” (Abbott et 

al., 2014). Evaluating property rights-based management in developing country fisheries 

therefore has national and international importance for enhancing food security and 

fisheries sustainability. 

This dissertation is further motivated by current trends in the social sciences 

literature to critically evaluate how rights-based management design influences trade-offs 

between social equity and economic efficiency objectives (Abbott et al., 2010; Birkenbach 

et al., 2017; Brinson and Thunberg, 2016; Kroetz et al., 2015).  

Traditionally, regulated, open-access fisheries experience dissipated rents and 

shortened seasons due to over-capitalization of fishery capital and the “race-to-fish,” 

where fishers seek to capture as much of the total quota of the fishery before it is closed. 

While command-and-control regulations such as input restrictions and total allowable 

catch (TAC) are designed by fisheries managers to achieve biological goals, rights-based 

management regimes, often in the form of individual tradable quotas (ITQs), are market-

based approaches that secure economic rents through fleet consolidation and enhanced 

production efficiency. An ITQ is an allocation of a proportion of the TAC for a commercial 

fishery stock. This incentivizes better resource stewardship as fishers can buy and sell the 

right to catch a specified quantity of fish over an allotted timeframe.   

ITQs theoretically generate economic benefits by reducing operational costs, 

consolidating fishing fleets, extending season length, and allowing fishers to land their 
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catch at the optimal time and price, but the social outcomes, as well as and spillover effects 

onto unregulated fisheries, are only recently becoming better understood (Brandt, 2005; 

Chu, 2009). For example, ITQ programs may not equitably distribute economic benefits 

and could disadvantage small vessel owners (Carothers et al., 2010). Furthermore, an ITQ 

program requires effective governance to ensure compliance with quota limits, which 

many developing country fisheries lack (Smith et al., 2010). Finally, ITQs may induce 

high-grading, where fishers discard less-valued fish in order to land higher valued fish 

(Anderson, 1994; Batsleer et al., 2015). Subsequently, assessing how ITQ programs are 

designed to accomplish distinct objectives, and to what extent these are achieved, is an 

important research undertaking for enhancing food security worldwide.  

1.2 Empirical Context: Fisheries Management in Argentina 

Following widespread adoption of ITQ regimes in U.S., New Zealand, and 

European fisheries, industrialized and export-oriented Latin American fisheries began 

adopting similar programs to enhance fishery management, following the collapse of 

important fish stocks and the overcapitalization of the fishery industry (Chu, 2009). 

Many of these programs are part of a new wave of institutional design, where 

policymakers are seeking to alleviate the social consequences of strictly economic 

efficiency driven policies while also capturing economic benefits (Call and Lew, 2015; 

Jardine and Sanchirico, 2012). The proposed research will assess the economic, social, 
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and ecological outcomes of such a modified ITQ regime in Argentina. Fisheries 

management in Argentina provides a compelling research context for three reasons: 

1) Argentina is a developing country that exports high-volume and high-valued 

seafood products to developed countries, particularly Spain, China, and the United 

States. Government restrictions on beef exports in 2006 shifted export growth to the 

seafood sector. Argentina’s principal seafood exports are Argentine hake, squid, and red 

shrimp, representing slightly more than one billion U.S. dollars in export revenue in 

2016 (MAGyP, 2016). Argentina launched an ITQ program in 2010 to manage four 

fisheries, chosen for their economic and, in the case of hake, social importance: 

Argentine hake (Merluccius hubbis), hoki (Macruronus magellanicus), Patagonian toothfish 

(Dissostichus eleginoides), and southern blue whiting (Micromesistius australis). These four 

fisheries represent nearly 25% of all fishery export earnings in Argentina and generate 

substantial revenue for coastal livelihoods along the Argentine coastline, particularly in 

remote ports. Argentina provides a useful case in that it is a middle-income, developing 

country with relatively functioning administrative and enforcement institutions, such 

that ITQs are a well-managed regulatory program with oversight and monitoring.   

2) Argentina is a developing country with nearly 5,000 km in coastline on the 

Atlantic Ocean. The southeast South American shelf is considered one of the world’s 

large marine ecosystems, contributing to high productivity and biodiversity levels, 
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which in turn support fisheries, tourism, and oil and gas industries along the South 

American Atlantic coast (Bisbal, 1995).  

While fishery abundance and distribution supports economically significant, 

export-oriented industries, these stocks are vulnerable to over-exploitation and 

subsequent crashes during stochastically bad environmental years (Li et al., 2016). In 

1999, the Argentine hake stock collapsed, prompting policymakers to design a new 

management regime and address over-capitalization of the hake fishery.  

3) Argentina’s ITQ program is distinct from those in developed countries, such 

as the U.S., where quotas are allocated based on historical landings. The program is 

administered by the Federal Fisheries Council (CFP). The CFP determined initial quota 

allocations based on historical fishery landings, fishing violations, domestic employment 

and investment, and onshore processing production. The program features unique 

modifications, such as a unidirectional trading restriction between fishery fleets, a use-it-

or-lose-it penalty, and a social quota reserve. These modifications are intended to 

preserve the composition of fishing fleet, enhance employment opportunities, and 

maintain onshore processing facilities.  

Fisheries management in Argentina is characterized by two dichotomies. First, 

commercial fishery stock management in Argentina is generally divided between 

northern, or Bonaerense, stocks and southern, or Patagonian, stocks which are separated 



 

6 

at the 41°S latitudinal line. This management division underlies the north-south divide 

between the Bonaerense ports, primarily Mar del Plata, and the Patagonian ports.  

The second dichotomy is between the offshore catcher-processor fleet and the ice 

and coastal trawler fleet. The catcher-processor fleet includes freezer and factory 

trawlers, surimi, shrimp trawlers, jiggers, and long-liners. These vessels process and 

freeze harvest onboard, staying at sea for as many as 70 days.  

The coastal fleet is characterized by artisanal, coastal inshore, and ice trawling 

(‘fresqueros’) vessels. This fleet has onboard refrigerated holds that support short fishing 

trips of up to 15 days. Often, these vessels are owned by vertically integrated firms and 

land their catch in onshore processing plants along the Argentine coast. According to the 

National Industrial Fisheries Census of 1996, there were 234 active processing plants and 

69 active cooperatives (Schonberger and Agar, 2001). Most of these plants were located 

in Buenos Aires Province, followed by the Chubut and Santa Cruz provinces.  

Policymakers sought to balance outcomes across these heterogenous fishing 

fleets and communities through an ITQ program that accounted for both economic and 

social objectives. Recently, the United States began incorporating distributional equity 

considerations into ITQ design, such as allocating shares to collectives in the Alaskan 

fishery (Carothers et al., 2010). Understanding how allocation and trading restrictions 

influenced efficiency and equity outcomes in Argentine fisheries can lend insight into 

how similar modifications in other fisheries ITQs may influence outcomes. 
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Despite the unique design of Argentina’s ITQ regime, only one published study 

evaluates the outcomes of the Argentine ITQ program. Bertolotti et al. (2016) provide a 

descriptive analysis of the ITQ-regulated fisheries before and after the implementation 

of the ITQ management regime. The study reaffirms that program design is in response 

to perceived disadvantages of traditional rights-based management regimes. The results 

show that, after the implementation of ITQs, overall landings no longer exceeded TAC. 

Furthermore, aggregate numbers of onboard employment did not significantly change, 

suggesting that the program, to some extent, achieved the initial objective of 

maintaining employment. The decrease in number of vessels in the industrial fleet 

further suggest that the ITQ regime achieved the secondary goal of fleet consolidation. 

While these results provide a helpful overview of the ITQ program, they fail to 

explain to what extent, and why, firms are participating in the program or changing 

production strategies in response to modifications in the quota program. The three 

essays presented in this dissertation comprehensively analyze vessel level data to 

evaluate the social, economic, and ecological outcomes of the Argentine ITQ regime.  

1.3 Materials and Methods 

The three essays in this dissertation build on several quantitative and qualitative 

datasets to inform the focus of each chapter and evaluate policy outcomes. The first 

essay, which focuses on the institutional design and implementation of the Argentine 

ITQ program, relies primarily on expert interviews with participants in this process and 
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on legislative documents. These legislative documents include final rulings, often in the 

form of a Resolution, and decisions leading to that final ruling, often in the form of Acts. 

These documents are all available online in a searchable database, InfoLEG 

(<http://www.infoleg.gob.ar>). Each resolution is further linked to the resolutions it 

modifies or is modified by, to provide a complete historical picture of the legislative 

history underlying the ITQ program design and implementation.  

Expert interviews (Appendix A) and a firm survey (Appendix B) provided 

additional information on production strategies, crew remuneration, quota prices, and 

other insights into how the ITQ program has influenced the structure and characteristics 

of the Argentine fishing industry.  

All three essays rely on a series of annual reports on ITQ performance in all four 

fisheries. These reports include vessel-specific data on quota allocations, including 

allocations from the Social Reserve and Reallocation Fund, permanent and temporary 

quota transfers, total landings by vessel, insufficient quota use, concentration of quotas 

by firm, accidental landings by non-quota holding vessels, and other accompanying data 

related to the quota-regulated fishery. This confidential dataset is provided by the 

Federal Fisheries Council. 

The second primary dataset includes monthly landings of each quota-regulated 

fish from 2004 to 2016, by vessel. It will also include fishery effort in terms of fishing 

days, fishing trips, and number of crew. This dataset is provided by the Undersecretary 
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of Fisheries and Aquaculture in December 2016. Appendix D outlines the process to 

merge these different datasets.  

1.4 Dissertation Overview 

The proposed research will address three primary areas of investigation:  

Question 1: How are configurations of rights-based management influenced by 

ecological, social, and economic goals? 

Question 2: What are the trade-offs between efficiency and non-efficiency goals, 

such as social equity, built into rights-based management programs? Specifically, how do 

trading restrictions and a use-it-or-lose-it policy influence fishery participation across fleet 

types?  

Question 3: Can additional quota allocations subsidize and extend the 

participation of smaller vessels in a quota-regulated fishery?  

The first chapter implements an institutional analysis of the design and 

implementation process of an ITQ program in Argentina. The analysis encompasses over 

twenty years of legislative documentation and interviews with fishery management 

authorities and stakeholders to understand why and how Argentina designed the unique 

configuration of its fisheries catch shares program. As such, this chapter outlines the 

primary ecological, social, and economic objectives of this program and evaluates how the 

design of the program aims to achieve these objectives. The second and third chapters 
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then evaluate to what extent the observed outcomes of the ITQ program align with its 

envisioned objectives.  

All three questions are informed by semi-structured surveys with fishery 

participants and policymakers. This qualitative data gives insight into the primary policy 

design features driving fishery participation decisions and behavior, which are then 

evaluated in the second and third chapters. These two chapters utilize two-stage 

econometric models to evaluate how specific policy modifications influence fishery 

participation in ITQ-regulated fisheries. The results provide insight into current debates 

on ITQ program design.  

The existing literature demonstrates differing economic efficiency and 

distributional outcomes under different configurations of property rights-based 

management in fisheries. While many studies demonstrate that restrictions in 

transferability reduce efficiency gains, other studies caution about the distributional 

impacts of unrestricted transferability on at-risk or marginal communities. As a result, 

this in-depth evaluation of an ITQ regime in a developing country context will lend 

greater insight into how quota use mechanisms may influence fishery outcomes under 

the often-competing objectives of maximizing economic efficiency while ensuring 

distributional equity.   
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2. The New Fisheries Catch Shares Program in 
Argentina: An Institutional Analysis 

2.1 Introduction 

Despite a global transition to rights-based management (RBM) to reduce emissions 

and to manage water, fisheries, and other natural resources, there is a limited 

understanding of how these management regimes are designed and implemented within 

developing countries, and the social and economic outcomes of these regulations.  

In fisheries management, regulated open-access fisheries are characterized by 

dissipated rents and shortened seasons due to over-capitalization of fishery capital and 

the “race-to-fish,” where fishers build their fishing capital and race to catch as much of 

the total quota of the fishery. While command-and-control regulations such as total 

allowable catch (TAC) quotas allow fisheries managers to achieve biological goals, rights-

based management regimes, such as individual fishing quotas (IFQs), theoretically 

generate economic rents through reduced costs, extended seasons, and higher landing 

prices (Grafton et al., 2000). An IFQ is an allocation of a proportion of TAC for a 

commercial fishery stock. An IFQ is defined as an individual transferable quota (ITQ) 

when fishers are allowed to buy and sell their right to catch a specified quantity of fish, 

incentivizing them to protect the resource as their own. However, the least efficient fishing 

vessels often sell their quota and exit the fishery, causing production efficiency to increase 

as the fishery consolidates into the most efficient, and often industrialized, vessels 

(Brandt, 2005).  
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While consolidation may generate efficiency gains within the fishery, the 

distribution of these benefits is the subject of debate. For example, Carothers et al. (2010) 

and Stewart and Walshe (2008) find that small fishing communities disproportionately 

lost fishing rights following rationalization. Differential market power held by initial 

recipients of quota may also distort efficiency and distributional outcomes of the program, 

where power imbalances hinder transferability of quota (Pinkerton and Edwards, 2009). 

Da-Rocha and Sempere (2016), on the other hand, demonstrate that full transferability of 

quotas increases efficiency gains and generates a positive redistributive effect by raising 

the lease price of quota. Additionally, small firms also captured efficiency gains through 

leasing permits.   

After thirty-years of traditional IFQ management worldwide, and in response to 

these debates, fishery managers are implementing modified IFQ programs, which account 

for a broader range of policy objectives, consequently generating “smaller, but potentially 

significant, economic benefits” (Call and Lew, 2015; Jardine and Sanchirico, 2012). Such 

programs need to be “consistent with local culture and knowledge that benefit the people 

and communities of the target region” (Abbott et al., 2014). In parallel, there is a growing 

trend to evaluate the economic performance of IFQs and critically analyze how policy 

design influences trade-offs between social equity and economic efficiency objectives 

(Abbott et al., 2010; Birkenbach et al., 2017; Brinson and Thunberg, 2016; Kroetz et al., 
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2015). This paper explores how ITQ programs may be designed to achieve distinct social, 

economic, and ecological objectives and the outcomes of these policy configurations.   

Policymakers may implement quota allocation rules and trading restrictions to 

achieve different objectives (Call and Lew, 2015). For example, the Regional Clean Air 

Incentives Market to reduce sulfur dioxide emissions in the U.S. restricted transferability 

across sources and over time to avoid pollution hotspots (Schmalensee and Stavins, 2017). 

Such efficiency-equity trade-offs are also relevant in water trading programs, where 

trading restrictions balance conflicts between upstream and downstream users and 

between urban and rural regions competing for limited water sources (Booker and Young, 

1994; Colby, 2000). 

The overarching normative debate asks whether social goals should be included 

in rights-based management policy design and, if so, how these policies should be 

designed to achieve different economic and social goals. Additionally, policy evaluation 

requires understanding the institutional context and design leading to outcomes. Why do 

configurations of rights-based management, particularly IFQ programs, differ 

significantly across regions? And how do these different configurations influence social 

and economic outcomes?  

Given the complexity of RBM systems designed to balance ecological, social, and 

economic objectives, there is a growing need to understand institutional design and 

performance of these management regimes (Imperial and Yandle, 2005). A recent, cross-
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sectional analysis of over 100 fishery systems worldwide, including IFQ programs, found 

that these three objectives are not necessarily in conflict and can even reinforce one 

another (Asche et al., 2018). The results support the need for well-designed policies that 

take into account all three objectives. Institutional analysis examines how different sets of 

rules embedded in institutional configurations can address such policy design challenges. 

This is especially relevant to rights-based management regimes, which may include 

specific rules regarding quota allocation, utilization, and transferability in order to achieve 

ecological, social, and economic objectives.  

Ostrom’s Institutional Analysis and Development (IAD) framework is an 

analytical tool designed to address such research questions across different socio-

ecological contexts through a guiding set of criteria, which can be used to link institutional 

design to performance. The IAD framework is especially helpful for systematically 

analyzing complex institutional arrangements. Previous research extended the IAD 

framework to evaluate different configurations of coastal and marine governance (R. Li et 

al., 2016; Rudd, 2004; Yandle, 2008). For example, Yandle (2008) evaluates the 

development and performance of a co-management fisheries regime in New Zealand over 

time through the IAD framework. Nonetheless, there is limited understanding about the 

processes to design and implement IFQs in developing countries, despite a growing 

number of IFQ programs in these countries (Jardine and Sanchirico, 2012). 
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To illustrate how the IAD framework can evaluate IFQ program design and 

implementation, this paper applies the IAD framework to the ITQ program in Argentina. 

The analysis relies on thirty-years of legislative documents, publicly available 

government data, and semi-structured interviews with policymakers and firms.  

The Argentina ITQ program, implemented in 2010 to manage four commercially 

important fisheries, is of research interest for three reasons. First, regulated fisheries are 

commercially important as principal exports and economically important to coastal 

livelihoods. In 2017, Argentina exported USD$1.98 billion in seafood products alone 

(Subsecretaría de Pesca y Acuicultura. Dirección de Economía Pesquera, 2018). Second, 

the coastal waters of Argentina feature distinct oceanographic conditions that support 

high volume fisheries. Third, while many IFQ programs follow standard approaches, such 

as allocating initial quota based on historical landings, Argentine fishery authorities 

embedded social objectives into ITQ program design. The creation of a social quota 

reserve, trading restrictions, a penalty for insufficient quota use, and an initial allocation 

based on firm characteristics are examples of modifications designed to achieve economic 

efficiency and social equity objectives.  

The goal of this chapter is to apply the IAD framework to understand how the 

Argentine ITQ program is configured in terms of its rule structure and evaluate the 

tradeoffs resultant in such a structure in terms of efficiency, equity, accountability, and 

adaptability. The results demonstrate how policy design trades off economic efficiency in 
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favor of distributional equity, and explain the stakeholder processes through which this 

policy design occurred. Specifically, the analysis finds that the Argentine ITQ program 

was designed through an extensive, and inclusive, process that spanned ten years. As a 

result, the design of the program includes policy levers that often undermine eachother 

in the pursuit of different social and economic objectives, particularly the maintenance of 

the coastal fishing fleet, onshore employment in processing plants, and export earnings 

from seafood products. This paper contributes to a small, but growing, literature on ITQ 

program design and performance and is only the second paper to apply the IAD 

framework to understanding the design processes underlying an ITQ program.  

The IAD framework provides an analytical lens through which to describe and 

evaluate the ITQ program design. Such a framework serves to interpret legislation and 

understand the institutional context and intended goals of the program, which can later 

be assessed to determine how institutional design may generate trade-offs between these 

goals. The IAD framework further enables comparison of institutional configurations 

across case studies, allowing future work to build on this analysis and compare outcomes 

of the modified ITQ program in Argentina to other institutional design modifications in 

IFQ fisheries worldwide.  

The chapter is outlined as follows. The first section introduces the IAD framework. 

The second section describes the Argentine fisheries management case study, with a focus 

on external variables to the institutional analysis. The third section applies the criteria of 
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the IAD Framework to the design process of the Argentine IFQ program. Finally, the 

paper concludes with discussion and directions for future research.  

2.2 Theoretical Framework 

The existing literature demonstrates differing economic efficiency and 

distributional outcomes under different configurations of property rights-based 

management in fisheries. The quality of the property right may explain these different 

outcomes. Arnason (2012) examines the quality of individual fishing quota (IFQ) property 

rights based on four key characteristics, exclusivity, durability, security, and tradability, 

and demonstrates how changes in these characteristics can, theoretically, reduce economic 

efficiency. Hence, the institutional design of an IFQ program has important implications 

for the expected outcomes. Applying the IAD Framework to IFQ program design can lend 

greater insight into how policy design influences trade-offs in economic efficiency and 

distributional equity outcomes.    

Ostrom defines institutions as “the prescriptions that humans use to organize all 

forms of repetitive and structured interactions.” (2005, p. 3).  The purpose of the IAD 

framework is to distill the fundamental building blocks of such institutions and to 

understand how institutional configurations influence human behavior.  

The IAD framework can be applied to three levels of institutional situations: 

operational, collective-choice, and constitutional (Ostrom, 2005, p. 59). At the operational 

level, the actions taken by individuals, such as fishery harvest, directly affect the state 
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variables of the community, such as the fishery stock. A situation at the collective-choice 

level occurs when the actions taken by individuals directly affect the rules governing the 

operational situation. Finally, a situation at the constitutional level arises when the actions 

taken by individuals directly affect the rules governing the collective-choice situation, 

such as the decision-making process to decide formal and/or informal norms. This study 

will focus on the collective-choice level of IFQ fisheries management, specifically the 

process through which participants interact in an action situation to design and 

implement IFQ program rules. Figure 1 illustrates the action situation and relevant factors 

for IFQ design, within the Argentine context, for each level of analysis.  

The analysis will focus on three sets of rules, specifically quota allocation, 

transferability restrictions, and utilization requirements, that each influence property 

right excludability, transferability, security, and durability. The interacting sets of rules 

will then, in turn, be evaluated through four criteria: efficiency, equity, accountability, and 

adaptability. 
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Figure 1. IAD Conceptual Framework. This figure adapts Bushouse’s (2011) 

framework to the socio-ecological context of fisheries management in Argentina, with 

an emphasis on the three choice levels involved in designing and implementing the 

ITQ program.  

I apply the IAD framework over the social-ecological system (SES) framework due 

to the emphasis on institutional design processes and governance structures, independent 

of ecological conditions. IFQ programs primarily set economic and social objectives, 

whereas the TAC establishes biological goals and may be accompanied by command-and-

control regulations, such as gear restrictions and spatial closures. As a result, the 

ecological context of an IFQ program is relevant, but not central, to its ultimate design. 

Instead, I hypothesize that existing institutions, socio-economic conditions, and 

community characteristics are the primary driving forces of the variations in IFQ design 

observed across regions.  
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The Advocacy Coalition Framework (ACF) is another approach that borrows from 

economic theory to understand policy-making processes. Specifically, it imposes the 

assumptions of bounded rationality and prospect theory to guide individual actions, 

aggregated through coalitions, which in turn influence governance decisions through 

conflict and competition (Jenkins-Smith et al., 2007). The IAD framework, on the other 

hand, focuses on how policy actors interact and influence institutions and rules-in-use 

over time, without imposing any assumptions on behavior (Weible et al., 2012). Fisheries 

management, which governs extraction decisions of individual actors over an ecologically 

variable common pool resource, requires a specific focus on how and why institutions to 

manage these public goods. Hence, the flexibility of the IAD framework is better suited to 

understanding fisheries management institutional processes that change on a relatively 

short time-scale and that are influenced by diverse policy actors.   

Bushouse (2011) provides an illustrative example of how the IAD framework can 

be applied to how governance structures influence, and are influenced by, individual 

actors at different levels of decision-making. In particular, constitutional-level preferences 

are reflected in decision-making at the collective and, consequently, operational choice 

levels. However, they argue that variation in the attributes of the community and physical 

world can further influence how these preferences are realized through governance 

structure, particularly because agents at the operational-choice level may be able to act 

counter to the interests of the principals at the constitutional levels. Similarly, the Federal 
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Fishery Law established at the constitutional level of fishery management in Argentina 

influenced the rules-in-use for the IFQ program as it was being designed at the collective-

choice level, but actions taken by fishers at the operational-choice level ultimately 

influence the outcomes of this institutional design. Whereas Bushouse (2011) focuses on 

the quality of childcare services delivered through different governance structures, I focus 

on how particular configurations of IFQ management influence the quality of property 

rights and, ultimately, the efficiency and equity outcomes envisioned by policymakers at 

the constitutional and collective-choice levels. 

The analysis will apply the IAD framework to describe and evaluate the process 

through which Argentine fisheries legislators and stakeholders designed an ITQ program.  

First, I will identify the action arena, “the social space where participants with diverse 

preferences interact, exchange goods and services, [and] solve problems” (Ostrom, 2005, 

p. 14). The action arena outlines key participants and three contextual factors: the physical 

setting, the attributes of the community, and the existing institutional setting.  

Within the action arena, participants interact within the context of rules-in-use and 

exogenous factors in order to generate outcomes, which could be rules for resource 

extraction at the collective-choice level or harvest patterns at the operational choice level.  

Finally, I will assess overall institutional performance through four key criteria 

commonly implemented in IAD frameworks: efficiency, equity, accountability, and 

adaptability (Ostrom et al., 2014). Efficiency refers to the Pareto efficient outcome, where 
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no reallocation of resources will improve the welfare of one without making another 

worse off. Equity refers to the equitable distribution of resources and includes 

redistributional equity, which accounts for differential abilities to pay for a program or 

policy. Accountability refers to the degree of accountability in rule implementation. 

Finally, adaptability refers to an institution’s capacity to respond to changing 

environments.   

2.3 Data and Methods 

This study uses historical records, legislative documents, and semi-structured 

surveys with fisheries participants to analyze and evaluate the design process of 

Argentina’s individual transferable quota (ITQ) program from 1999 to 2016. A series of 

legal resolutions and acts, which include discussions regarding rulemaking, started in 

1997 with the Federal Fishery Law and continue through today to update and modify the 

IFQ program alongside changing ecological, social, and economic conditions. These 

individual laws are available on the CFP (Federal Fishing Council) website (Consejo 

Federal Pesquero, 2018) and through a national registry of all laws (Ministerio de Justicia 

y Derechos Humanos de la Nación, 2018). The well-documented legislative process to 

design Argentina’s first ITQ program is the ideal platform to apply the IAD framework 

and understand how, and why, the rules of this program were developed.  

The CFP dataset provided a complete list of all companies participating in the ITQ-

regulated fisheries from 2010 to 2016. This led to a final list of 119 possible contacts. 
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However, according to the dataset, only 65 firms were actively operating in 2016. Google 

was used to identify the address, phone number, and website, if available, for each 

company. Fishery stakeholders were contacted and interviewed June through August 

2017 and October through November 2018. Each company was contacted via e-mail and 

phone number at least twice. When possible, door-to-door contact was also made. About 

15% of phone numbers could not be reached, including for companies that have 

permanently shut down. Another 10% were unwilling or unable to participate in the 

survey. Given low response rates, snowball sampling was also used – often survey 

respondents would offer contact information for other contacts. This proved more reliable 

than cold-calling, since respondents would be confident in an “outsider” who was already 

vetted by another industry colleague.  

Ultimately, sixteen fishing company managers agreed to participate in the 

surveys. These managers were identified by employees or self-identified as the most 

knowledgeable about the ITQ program within each firm. Only seven represented 

independent firms, whereas nine represented a firm group, which is comprised of 

multiple firms on the contact list. Hence, the final number of surveyed firms represents 

an important proportion of the industry.  

The firms are located in Buenos Aires, Mar del Plata, and Puerto Madryn, and are 

representative of the geographic distribution and fishing vessel types of ITQ holders. For 

example, 56% of respondents have operations based in Buenos Aires. In the dataset, 63% 
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of firms landed harvest in Buenos Aires province in 2016. 72% of the vessels operated by 

respondents are ice trawlers, whereas 83% of the vessels operating in 2016 were ice 

trawlers. Due to IRB restrictions, I am unable to match survey responses to the 

confidential government dataset. However, these numbers illustrate how this sample is 

representative of the perspectives and dynamics of the fishing industry in Argentina.  

A secondary list of key stakeholders and participants in the ITQ design process 

was based on consultation with the CFP and supplemented by current fisheries chambers 

or councils. All individuals were contacted via phone and/or e-mail to participate in a 

study about fisheries management in Argentina. Seven stakeholders agreed to participate 

in the survey. The consulted stakeholders included industry representatives from 

different fisheries chambers and associations, national and provincial government 

representatives, and unions. These respondents all previously and/or currently held 

administrative positions in fisheries management and were selected in particular not for 

their exact title but for their in-depth knowledge about the ITQ program and regulated 

fisheries. As such, most of the respondents contributed in some way to the design of the 

ITQ program, either through modeling simulations of initial allocation, assessing the 

design, or participating in the workshops and discussions from 2000 to 2009. This final set 

of seven stakeholders represent each level of the policy-making process and each major 

category of fishing vessel type and fishery.  
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Both surveys included a section on respondent characteristics, general perceptions 

about fisheries management and industry-wide changes over time, and specific 

perceptions regarding the ITQ program and its set of rules (Appendices A and B). The key 

stakeholders were asked specifically about the process to design these rules and intended 

goals of the program, whereas managers were asked specifically about their firm’s 

historical participation in fisheries and the management process.  

The IAD Analysis will focus on the collective-choice level of creating rules for the 

Argentine hake fishery ITQ program, following the decision at the constitutional level of 

Argentine fisheries governance to implement an ITQ regime. The analysis will examine 

the action arena for each set of rules and then evaluate these rules based on the intended 

outcomes. To categorize the set of rules, I apply Arnason’s (2012) four qualities of property 

rights: security, transferability, durability, and security. While the processes for some of 

these rules may be similar across the hake, hoki, southern blue whiting, and Patagonian 

toothfish ITQ-regulated fisheries, the analysis will focus on the hake fishery due to the 

emphasis on social objectives designed specifically for this fishery. The following section 

provides socio-ecological context to fisheries management in Argentina and emphasizes 

why the hake fishery is particularly important to this analysis.     

2.4 Socio-Ecological Context: Argentina 

Argentina is a South American developing country with nearly 5,000 km in 

coastline on the Atlantic Ocean. The coastal waters of Argentina experience high 
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biodiversity levels due to the confluence of the warm Brazilian and cold 

Malvinas/Falklands currents (Bisbal, 1995). Argentina’s principal seafood exports are 

squid (Illex argentinus), Argentine hake (Merluccius hubbis), and red shrimp (Pleoticus 

muelleri). In 2017, Argentina earned over one billion dollars in export revenues from 

seafood products (Subsecretaría de Pesca y Acuicultura. Dirección de Economía Pesquera, 

2018). Spain, China, and the U.S. are the primary importers, exemplifying Argentina as a 

developing country that exports high-valued seafood products to developed countries.  

 

Figure 2. Historical Hake Landings and TAC. This figure demonstrates the 

relationship between Total Allowable Catch and historical landings for the hake 

fishery in Argentina. Data sources: CFP Resolutions (TAC), Subsecretaría de Pesca y 

Acuicultura. Dirección de Economía Pesquera, 2018 (Export data), Subsecretaría de 

Pesca y Acuicultura, 2018 (Landings data). 

In 1998, the Argentine hake stock collapse prompted the implementation of a 

specific clause of the Federal Fishery Law, which requires ITQ management of fishery 
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stocks. This kickstarted the process to design an ITQ program in 1999. The hake fishery is 

managed under TACs, which were consistently exceeded until the 2010 implementation 

of an ITQ program (Figure 2). Command-and-control regulations, such as area closures 

and gear restrictions also restrict fishery activity.  

Table 1. Timeline of the Key Events in the Design of the Argentine ITQ 

Program 

1997 Federal Fishery Law 24.922 enacted 

1999 Decree of Necessity and Urgency 189/99: declares fishery emergency for 

Argentine hake stock, no longer under CFP authority 

2000 CFP Res. 4/2000: Requests firm information for five criteria set by Federal 

Fishery Law 24.922, Art. 27. Data also requested and published in CFP 

Resolutions 23/2001, 2/2002, and 4/2002. 

2001 CFP Res. 2/2001: Approval of general ITQ program 

CFP Act 39/2001: Identifies Argentine hake, hoki, Patagonian toothfish, and 

southern blue whiting to be regulated by ITQs. 

2004 Start of working groups to target legal, technical, and administrative aspects of 

ITQ program 

2005 CFP Act 5/2005: Pilot ITQ programs begin for Patagonian toothfish and 

southern blue whiting 

2007 SAGPyA Res. 65/2007: Provisional ITQ program for Argentine hake 

2008 CFP Res. 12/2008: Pilot ITQ program for Argentine hoki 

2009 CFP Act 49/2009 and CFP Res. 10/2009: Implementation and approval of ITQ 

program to start in January 2010. Details for each fishery ITQ program 

outlined in CFP Resolutions 20-24/2009. 

CFP Res. 29/2009: Hake quota allocation from the Reallocation and 

Administrative Reserves 

CFP Res. 30/2009: Social quota allocation from Buenos Aires province 

2010 CFP Res. 11/2010: Hake quota allocation from the Reallocation Fund 

CFP Res. 17/2010: Social quota allocation from Buenos Aires province. CFP 

Res. 17/2010 allows vessels receiving social quota from Buenos Aires to receive 

quota from other provinces 

2013 CFP Res. 13/2013: Implements a transitional provision for firms to temporarily 

give up quota for redistribution and avoid insufficient use penalty 
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Table 1 highlights key events in this design process. In 2010, the ITQ program was 

implemented to manage Argentine hake, hoki (Macruronus magellanicus), Patagonian 

toothfish (Dissostichus eleginoides), and southern blue whiting (Micromesistius australis).  

Fisheries management in Argentina is influenced by two predominant fleets: the 

offshore freezer-processor fleet and the coastal ice trawler fleet. While hoki, Patagonian 

toothfish, and southern blue whiting are almost exclusively caught by offshore processing 

and freezer trawler vessels that land in southern, Patagonian ports, coastal and ice trawler 

fishing vessels target hake and land their catch along Argentina’s coast. Given the social 

and economic importance of the hake fishery across fleets and geographies, and its 

ecological collapse in 1999, policymakers, as discussed in this chapter, sought to design 

an ITQ program to achieve social, economic, and ecological objectives for the hake fishery.  

 

Figure 3. Total and Reproductive Estimated Hake Biomass. This figure 

illustrates an increase in both total and reproductive hake stock biomass over time 

following the 1998 collapse. Original dataset unavailable for replication, source: 

Villarino and Santos (2014).  
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2.4.1 The Argentine Hake Fishery 

The hake fishery is particularly important to coastal communities due to its wide 

geographic distribution and accessibility to both coastal and offshore fishing fleets and 

land-based processing plants. The Argentine hake stock extends from southern Brazil to 

southern Argentina (Bezzi et al., 1995). Stock assessments measured the stock biomass as 

approximately 900,000 tons in 2014, a 2% decrease from 2013 estimates (Santos and 

Villarino 2015). However, overall patterns suggest that reproductive biomass is increasing 

since the 1999 stock collapse, and that total biomass is reaching pre-1997 levels (Figure 3). 

Concentrations of hake are present along the Argentine coast year-round, although peak 

concentrations are seasonal. In winter months, the southern stock concentrates along the 

continental platform to forage. In spring and summer, these concentrations shift to the 

coast of Peninsula Valdés to reproduce. Further south, the San Jorge Gulf is a key nursery 

habitat for the commercially important hake and red shrimp stocks, resulting in high 

levels of juvenile hake and shrimp bycatch and discards when fishery activity occurs in 

this area (Gongora et al., 2012). Fishery activity within the Gulf contributes to 75% of 

national shrimp landings and 10% of total southern hake landings (Gongora et al., 2012).  

The distribution of the hake from coastal waters to the continental platform 

supports the participation of the entire fishing fleet and land-based factories. Two 

predominant categories of vessels participate in the hake fishery: the ice trawler fleet 
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(‘fresqueros’) and the offshore freezer-processor and factory trawler fleet (‘congeladores’) 

(Figure 4).  

 

Figure 4. Photographs of Fishing Vessel Types. Clockwise, starting in the 

upper left: Freezer-processor fishing vessel, high seas ice trawler (foreground) and 

freezer-processors (background), rada o ria coastal fishing vessels, and coastal ice 

trawler vessels. Source: Stephanie Stefanski, Conarpesa (top left) 

High seas and coastal Ice trawler vessels tend to be 25-63m in length and store 

catch on ice until it can be landed and processed on shore. These operations are typically 

vertically integrated, where companies or company groups own multiple vessels and 

operate processing plants in Mar del Plata, Puerto Madryn, and Comodoro Rivadavia. 
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Fishing trips last 4 to 15 days and target hake, shrimp, and other coastal species 

(Schonberger 2001). Although much lower in volume, the Rada o Ria fleet is culturally 

and historically important, representing small-scale fishing communities like the Flota 

Amarilla in Rawson. The offshore freezer-processor trawler vessels, on the other hand, 

process some or all harvest onboard and export frozen catch directly. Larger trawlers (42-

80m) tend to target hake over a 60 to 70-day period. Over time, this fleet is increasingly 

landing a greater share of the total hake catch, but small-scale coastal and high seas ice 

trawler vessels are still an important percentage of the total (Figure 5). 

 

Figure 5. Hake Annual Landings by Fleet. This figure demonstrates the 

percentage of total hake landings landed by each vessel type post-ITQ 

implementation Source: Annual ITQ reports from the CFP.  
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Figure 6. Comparison of Monthly Hake and Shrimp Export Prices. Source: 

Annual export reports (Subsecretaría de Pesca y Acuicultura. Dirección de Economía 

Pesquera, 2018)  

The hake fishery is also economically valuable to coastal communities, 

representing an important opportunity to earn export revenues and participate in 

international markets. The price of hake has remained relatively stable at an average price 

of $2,500 per ton over the last ten years, generating export earnings between $250 and $300 

million in recent years (Subsecretaría de Pesca y Acuicultura. Dirección de Economía 

Pesquera, 2018). However, shrimp has replaced hake as the most economically viable 

species, earning a per ton value nearly three times greater (Subsecretaría de Pesca y 

Acuicultura. Dirección de Economía Pesquera, 2018). Given the export-oriented nature of 
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the industry, fisheries businesses earn in dollars and cover their domestic expenses in 

pesos. Figure 6 illustrates the producer price index (PPI) adjusted price per ton for hake 

and shrimp, converted into Argentine pesos. Shrimp products earn significantly more and 

have generally increased in value since 2011, whereas hake products are only recently 

increasing in value.  

Drawing from this socio-ecological context, and given the economic and social 

importance of the hake fishery, the institutional analysis will focus on the process through 

which stakeholders and policymakers designed ITQ rules for the hake fishery. While 

many of these rules-in-use are influenced by the presence of the coastal ice trawler vessels 

in the hake fishery, they hold implications for the hoki, southern blue whiting, and 

Patagonian toothfish fisheries also managed by ITQs.   

2.4.2 Survey Participants and Industry Trends 

The semi-structured surveys collected responses from sixteen companies and nine 

stakeholders located in Buenos Aires, Mar del Plata, and Puerto Madryn, who collectively 

represent the interests of the different fishing fleets and communities.   

On average, firm managers that participated in this study have 26 years of 

experience and their firms have operated for 26 years, covering experiences both pre and 

post ITQ implementation. These surveyed firms export 70% of their products and sell 10% 

to national markets and 20% to third-party markets, which process and export these 

products. All respondents are primarily responsible for managing their company and 
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previously managed other companies. Twelve of these companies hold hake ITQ, the 

other four hold quota for the other ITQ regulated species. 

Table 2 describes the characteristics of these firms’ vessels, separated by fleet type. 

Historically, hake was one of the principal species. However, different factors, including 

the recent “boom” in shrimp abundance, are prompting many to shift their target species 

to Argentine red shrimp. Entering the red shrimp fishery requires holding a historical 

permit to catch this species. 

Table 2. Survey Participant Firm Mean Characteristics 

 Coastal Ice Trawler Freezer Trawler 

Length (m) 24 29 66 

Capacity (m3) 68 195 800 

Horsepower (kw)  500 580 2,000 

Market Value (USD Millions) 2 2.7 12 

Vessel Replacement Value 

(USD Millions) 
1.5 3 8 

Daily fuel consumption (l) 1,700 2,100 11,000 

Velocity (knots/h.) 11 6 5 

Crew  9 17 60 

Total number of vessels 2 16 4 

 

Global macroeconomic conditions are the central challenge facing the Argentine 

fishing industry, according to all respondents. Policymakers believe fisheries 

management should include an integral vision built on ecological, economic, social, and 

technological factors. Firm managers believe that the industry needs serious reform, such 

as consolidation and renovation of the fishing fleet and hiring a more skilled workforce, 
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to compete in international markets. The value of the dollar is also influential in export 

earnings and taxes charged on equipment imports. 

Nearly every firm manager stated that increasing operational costs and decreasing 

or stable prices are the primary factors for changes in production mix. Firms perceive that 

they were most well off during the Menem government, which supported trade 

liberalization, Argentina’s devaluation in the early 2000s, and the current government. As 

a result, fisheries management in Argentina should account for global trends, ecological 

shifts in regional species, and local socioeconomic factors.  

2.5 Institutional Analysis 

This study applies the IAD framework to understand the configuration of the 

Argentine individual transferable quota (ITQ) program and evaluate potential trade-offs 

across efficiency, equity, accountability, and adaptability of its rule structure. Interviews 

with Argentine policymakers and business managers reveal a stakeholder-driven process 

to design and implement the ITQ program. Hence, I will focus specifically on the second 

tier of institutional design, the collective-choice action situation, after briefly describing 

the constitutional level of fisheries management in Argentina.   

The IAD framework provides a generalizable structure through which to interpret 

legislation and its intended social and economic objectives. The structured analysis of the 

ITQ rules-in-use both informs policy evaluation of this specific ITQ program and enables 

comparisons with social and economic outcomes in modified ITQ programs elsewhere.  
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2.5.1 Constitutional Choice Level  

The federal mandate to sustainably manage Argentine fisheries through ITQ 

management originates from the National Constitution and the Federal Fishery Law. 

Article 41 of the Argentine Federal Constitution broadly addresses the conservation and 

sustainable use of natural resources. Article 41 states: “All inhabitants are entitled the 

right to a healthy and balanced environment fit for human development such that 

productive activities shall meet present needs without endangering those of future 

generations; … The authorities shall provide for the protection of this right, the rational 

use of natural resources [and] the preservation of the natural and cultural heritage of the 

biological diversity” (Constitution, Art. 41, 1994).  

Through an Act of Congress, Argentina formally implemented the Federal Fishery 

Law 24.922 in 1997. Addressing the Constitutional mandate of Article 41, the Law aims to 

fulfill three objectives: the rational use of living resources, long-term conservation, and 

enhancing employment of Argentine laborers. Article 17 states, “Fisheries under 

Argentine maritime jurisdiction will be subject to the regulations established by the 

Federal Fisheries Council (Consejo Federal Pesquero, CFP), with the objective of avoiding 

excessive exploitation and preventing harmful effects on the environment and ecological 

system.” This establishes the authority of the CFP to implement regulations, such as the 

ITQ program.  
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Article 27 sets the foundation for an ITQ management regime by requiring quotas 

in addition to fishing permits. It defines five key factors for initial quota allocation:  

a) Domestic labor employment 

b) Domestic investment 

c) Fishery landings  

d) Fishery production  

e) The lack of history for violations of the laws, regulatory decrees, or 

regulatory resolutions pertaining to fishing activity. 

 

The law stipulates that these quotas will be partially or completely transferable 

between vessels, concluding that, “the transfer of quotas from ice trawler vessels to freezer 

or factory trawler vessels will not be permitted.”  

The Federal Fishery Law serves as the “constitution” for fisheries management in 

Argentina. However, aspects of this constitution were left to the interpretation of fishery 

authorities, resulting in the ten-year process to implement an ITQ based on the rules 

outlined in Article 27 while also meeting the changing needs of the sector. The CFP further 

recognizes that an ITQ program alone cannot sufficiently manage fisheries resources, so 

it designed a complex regulatory framework that innovates from Article 27 (Article 28, 

CFP Act 49/2009).  

While there is little data on the interactions leading to the set of rules mandating 

an ITQ program, and accompanying stipulations for quota allocation and transferability, 

in the Federal Fishery Law, there is extensive legal documentation on all decisions leading 

to the final ITQ program design (CFP Act 49/2009). Furthermore, interviews with 

participants reveal a stakeholder-driven process, which influenced the ultimate ITQ 
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design. Hence, the institutional analysis will focus on the second tier of institutional 

design – the collective-choice level.  

Figure 1 adapts the IAD Framework at all three levels of analysis to the context of 

ITQ program development in Argentina. Within each level, there is a set of exogenous, or 

contextual, variables. These are biophysical conditions of the resource(s), attributes of the 

community, and the rules-in-use by participants. The second area is the action situation, 

which includes participants, positions, potential outcomes, information, and costs and 

benefits. Finally, each level of action establishes the set of rules-in-use that, in turn, govern 

the actions of participants in the subsequent institutional situation.  

2.5.2 Collective Choice Level 

The collective-choice level of analysis within the IAD framework focuses on how 

individuals jointly form formal or in-use rules and policies to govern the use of common 

pool resources. The National Fishery Law set the legal antecedent for an individual 

transferable quota (ITQ) program, and therefore only Congress and the Executive Branch 

hold the authority to remove it. At the collective choice level, the action arena is comprised 

of representatives across different levels of governance and the fishery sector. The socio-

ecological and community contextual factors, described in Section III, provided the 

backdrop for discussion, as policymakers wanted to ensure ecological sustainability while 

also maximizing rents from the fishery through expected efficiency gains associated with 

ITQ management. Additionally, policymakers and representatives from regions with 
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important, small-scale fisheries and onshore processing plants wanted to ensure a fair 

initial allocation and distribution of quota. Hence, with these factors in mind, the actors 

met over many years to discuss and design an ITQ program to achieve these objectives.   

Key actors in the design process include fishing vessels, parent company or 

company groups, government agencies, and fishery authorities. Fishing vessels are 

composite actors, comprising the captains, crew, and vessel owner. The owner, in most 

cases, is part of a parent company or company group, which owns one or multiple fishing 

vessels. Prior to the implementation of the ITQ program, approximately twenty firms 

were the top exporters of hake products in the country.    

The hake fishery falls under the federal authority of the Federal Fishing Council 

(CFP, Consejo Federal Pesquero), which administers the ITQ program. Provincial 

authorities participated in the ITQ design process to represent the fishery stakeholders 

within their jurisdiction. Other national authorities were also present. The SAGPyA 

(Secretariat of Agriculture, Livestock, Fisheries, and Aquaculture) is the primary 

authority for fisheries management implementation. INIDEP (National Institute of 

Fisheries Development) monitors fishery activity through an onboard observer program 

and sets the annual Total Allowable Catch (TAC) independently of national or provincial 

jurisdiction. The National Bureau of Fisheries Management then calculates the annual 

volume in tons for each vessel’s ITQ, based on the TAC. 



 

40 

Fishery authorities developed the baseline ITQ program from 2000 to 2010, with 

minor revisions since then and the CFP continues to update the program (Table 1). In 2000, 

the CFP requested information on all five factors listed in Article 27 to determine initial 

quota allocation (CFP Res. 4/2000).  

In 2004, stakeholders divided into three working groups. The first group, under 

the coordination of the legal department and the Santa Cruz province representative, 

assessed the legal framework of the ITQ program. The second group, coordinated by the 

Buenos Aires and Tierra del Fuego representatives, assessed an administrative 

framework. The third group focused on the initial allocation and implementation of the 

ITQ program, under the representatives of Chubut and Rio Negro provinces. This group 

ran simulations of allocation models based on the information collected by the CFP. Per 

interviewees familiar with the working groups, the primary technical and legal design 

components of the ITQ program fell into the hands of a few individuals.  

This same year, representatives of Buenos Aires and Chubut provinces urged the 

immediate implementation of the program, leading to a pilot ITQ programs for 

Patagonian toothfish, southern blue whiting (CFP Act 5/2005), and hoki (CFP Res. 

12/2008). There was also a provisional hake program, but this program is not recognized 

as a formal pilot for the ITQ development process. Instead, it assigned catch limits per 

vessel as if they were quotas given in tons with annual transfers, but this program never 

became a full-fledged pilot (SAGPyA Resolution 65/2007).  
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The pilot programs assigned catch authorizations (CA) that were conceptually 

similar to ITQs in that CAs were defined as percentages of TAC that could be transferred 

between vessels, but only during a five-year period. CAs eased the implementation of the 

ITQ program, especially in response to resistance towards the use of the word “quota.”  

In 2009, the SAGPyA advised an immediate implementation of the ITQ program. 

CFP Act 49/2009 officially implemented the program in 2010 launch for four species: 

Argentine hake, hoki, southern blue whiting, and Patagonian toothfish. According to 

surveyed policymakers, these species were chosen for their economic importance as well 

as ecological characteristics that allowed for TAC and ITQ management. Each of these fish 

species can live for many years, hence it is easier to calculate the current and future stock 

size based on scientific surveys and landings data. Other economically important species, 

such as squid and shrimp, only live for one to two years and their population is highly 

influenced by ecological processes. Hence, it is more difficult to assign a total allowable 

catch and allocate it to individual vessels through quotas. As a result, policymakers chose 

the four most economically important fish species for the initial ITQ program.  

The following sub-sections describe the sets of rules for the ITQ program and the 

design processes leading to these rules, based on descriptions from survey responses and 

legal documents. Each set of rules emphasizes a specific property right quality: 

exclusivity, transferability, durability, and security.   
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2.5.2.1 Initial Quota Allocation 

The exclusivity of individual fishing quotas (ITQ) as property rights addresses the 

ability of fisheries managers to exclude participants from the fishery by allowing only 

those with quota to legally harvest the regulated species. In this case, ITQ-regulated 

fisheries become a club good that are non-rivalrous and excludable, hence slowing the 

race to fish (Arnason, 2007).1 To determine whom is eligible to participate in the ITQ-

regulated fisheries, most administrators allocate initial quota based on historical landings, 

usually the average of a reference timeframe preceding the program. However, Argentine 

authorities weighted initial allocation based on five criteria, per the requirements Article 

27 of the Federal Fishery Law. These are landings, employment, investment, production, 

and fishery law violations. Survey respondents share that the initial objective was to 

allocate these scarce resources with the lowest, negative impact, considering both 

economic and social impacts on employment, port communities, and the entire 

production chain.     

The quota allocation process went through three phases. First, the Federal Fishing 

Council (CFP) determined eligibility to receive quota based on historical landings. To be 

eligible to receive quota, a vessel must have landed greater than 0.5% of total historical 

                                                      

1 Whereas Arnason refers to IFQ-regulated fisheries as club goods, the broader literature argues that IFQs 

address the non-excludability of fishery resources by assigning individual property rights, and this in turn 

slows the race to fish (Birkenbach et al., 2017). 
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landings for the hake fishery during the reference period, 1989 to 1996 (CFP Resolutions 

23/2001 and 2/2002).  

Second, the CFP requested that all eligible vessel owners submit records for the 

five criteria to determine initial allocation. To encourage all eligible firms to submit 

paperwork on time, those that submitted information past the deadline were fined 0.5% 

of the total investment reported. CFP Resolutions No. 4/2000 and 4/2002 requested 

average domestic employment (1996 and 1999), production (1989-1996), and domestic 

investments (1989-1996). The data could then be compared across individual fishing 

vessels for the same reference period within each category.  

Employment includes both direct employment and third-party employment2, such 

as cooperatives that lend services. The total production volume3, in tons, is an eight-year 

average for each vessel or firm group. Investment includes money invested in fishing 

vessels, equipment, facilities, and other assets that affect fishing activities. The program 

also considered registered infractions, from 1991 to 2001 (CFP Act 3/2001). Vessels with 

any historical infraction were deducted five percent of the initial quota allocation, which 

was then re-allocated to the Reallocation Fund.  

                                                      

2 Third-party employment is calculated by multiplying the annual amount invoiced by 0.59 and the 

resulting value divided by ARS$8,148, which is equivalent to a monthly remuneration of ARS$679 (CFP Act 

17/2002). 
3 The National Classification of Economic Activities defines fishery production as the physical 

transformation of the materials and their components. This includes onshore processing plant production, 

fresh fish gutted or filleted onboard, and fish harvested and processed onboard factory vessels. This does 

not include whole frozen fish. 
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CFP Resolutions 23/2001 and 2/2002 and SAGPyA Resolution 258/2003 requested 

and published fishing permits and average legal historical landings (1989-1996) by vessel 

or vessel group, if under the same holding company, of the species they planned to 

regulate with ITQs: Argentine hake, hoki, southern blue whiting, and Patagonian 

toothfish. This is the eight-year average of annual landings, in tons, for each species. 

Once the CFP collected all data, discussions focused on how to weight the five 

factors for initial allocation. Experts and industry representatives ran simulations of 

different possible weighting schemes and reviewed initial allocation on a vessel-by-vessel 

basis. The agreed upon scheme informed the final set of allocation rules (Table 3).  

The application of these factors to determine initial allocation presented additional 

challenges to program design. As the years passed, the reference period (1989-1999) 

became outdated. Calculating employment for cooperatives that did not have clear 

records from this timeframe and defining legal historical landings were contentious 

factors. As a result, according to survey respondents, firms with their papers in order were 

more supportive of the program than those with undocumented or “gray” activity. 

According to survey respondents, those with undocumented activity more frequently 

participated in informal markets, such as selling their harvest to third-party processors 

for export (rather than exporting directly). In some cases, fiscal incentives or tax avoidance 

may have motivated under-reporting. Recall that the total allowable catch (TAC) was 
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frequently exceeded in the years leading up to the ITQ program, suggesting widespread 

under-reporting of catch (Figure 2).   

While many vessels, particularly among the coastal and ice trawler fleets, 

historically landed hake, they did not have official registries of these landings and 

therefore were not eligible to receive quota. In other cases, vessels historically under-

reported landings. The ice trawler industry was one of the last stakeholders to concede to 

the final initial allocation. Their bottom line was to ensure that no ice trawler vessel 

received quota less than their previous year harvest. Discussions eventually led to CFP 

Resolutions 29/2009, 30/2009, 11/2010, and 13/2010, which allocated quota through the 

Reallocation Fund or Social Reserve to vessels originally excluded from or disadvantaged 

by the initial allocation.  

In the hake fishery, 69.47% of the total allowable catch (TAC) is allocated as quota. 

The remaining 30% is allocated amongst different reserves (Table 3). CFP Res. 23/2009 

Article 2 established an Administrative Provision and set aside 4.18% of the TAC 

additional quota for those vessels that had extenuating circumstances to receive quota. 

These extenuating circumstances primarily related to undocumented, but known 

historical, participation in the fishery. The remainder went to the Reallocation Fund.  The 

Reallocation Fund also contains surplus quota to ensure no company holds greater than 

10% of the hake TAC and the quota deducted due to historical infractions. Table 3 

compares initial allocation percentages across the four ITQ-regulated fisheries.  
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The design of the hake fishery ITQ program is distinct from the other three ITQ 

regulated fisheries in Argentina. Notably, it is the only ITQ fishery to feature Artisanal 

and Social Reserves. It also features the lowest level of permitted quota concentration 

(10%), the lowest minimum percentage of historical landings (0.5%), the highest penalty 

for infractions (-5%), and a greater weight given towards production over investment.  

Table 3. Initial Allocation Rules. Adapted from CFP Act 49/2009  

Allocation Rules Hake Hoki 
Southern Blue 

Whiting 

Patagonian 

Toothfish 

Min. % of Historical Landings 0.5 3 1 1 

Allocated Quota (% of TAC) 69.47 25 80 81.20 

Concentration Limit  

(% of TAC) 
10 15 40 40 

Initial Quota Weighting (%) 

Historical Landings 50 50 50 50 

Labor Employed 30 30 30 30 

Production 15 10 15 15 

Investment 5 10 5 5 

Infraction Penalty -5 -1 -00.68 -2 

Quota Reserves and Funds (%) 

Reallocation Fund Y* 57 Y Y 

Administrative Reserve 0.45 8 00.68 1818.80 

Conservation Reserve 0 10 20 0 

Artisanal Reserve 2.76 N N N 

Social Reserve 27.07 N N N 

Administrative Provision 0.25 N N N 

* Detractions due to infraction presence pass from the Allocated Quota of the TAC to the 

Reallocation Fund. Surplus from Administrative Provision also passes to the 

Reallocation Fund. 
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2.5.2.2 Social quota and other management reserves 

To alleviate the exclusivity of the initial allocation and mitigate socio-economic 

impacts of the quota program on small-scale fisheries, policymakers designed the 

Artisanal and Social Reserves, according to survey respondents. These reserves are 

exclusive features to the hake fishery and tailored to the social context of Argentina’s 

fisheries sector.  

In 2003, the representative of Buenos Aires Province expressed concern for family-

owned or small and medium-sized businesses (PyMEs) that own small, coastal vessels 

and lack sufficient permit holdings to receive Argentine hake quota. The Sociedad de 

Patrones Pescadores (The Society of Fisheries Employers) also voiced concern for how the 

program would affect smaller fleets, such as the rada or ria fleet. If these fleets, which 

primarily land raw harvest for onshore processing, were excluded from the ITQ program, 

it would adversely affect coastal economies.  

In response to these concerns, and with the consultation of national and 

international fisheries experts, early resolutions included assigning a “provisional fishing 

permit” for Argentine hake to coastal vessels with a homeport in Buenos Aires province 

to mitigate socioeconomic impacts of the ITQ program (SAGPyA Res. No. 8/02, Art. 13). 

The intention of this discussion was to “guarantee a minimum amount of fishery landings 

that would permit the continuity of fish processing plant operations in Buenos Aires 

Province” (CFP Act. 52/2003). Buenos Aires Province Resolution SSAP No. 5/2003 sets 
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precedent for the Social Reserve later implemented under the ITQ program, requiring that 

vessels receiving social quota for hake should:  

A) Land Argentine hake exclusively in Mar del Plata port to be processed in onshore 

processing plants 

B) If a vessel exceeds the quota or does not comply with (a) then they will be 

sanctioned under the National Fishery Law as a serious infraction.  

C) Argentine hake fishing permits and quotas will not be granted to those vessels that 

transferred their fishing permit.  

 

The Chubut Province representative proposed that the “social interest determined 

by each jurisdiction” should inform the allocation of quota from the Social Reserve. Others 

at the meetings supported this suggestion, including representatives of SAyDS 

(Secretariat of the Environment and Sustainable Development) and the different province 

representatives (Appendix C). The representatives of each province further agreed with 

the Rio Negro province representative that the Reallocation fund should favor vessels that 

land in provinces with lower quota allocation.  

CFP Resolution No. 10/09 establishes a Social Reserve for the Argentine hake, 

which allocates a percentage of the TAC to sectors of “maximum social interest” for each 

of the provinces where hake is landed. Each province manages Social Reserve quota, 

proportional to landing activity in their jurisdiction, and determines the criteria to allocate 

social quota (Table 4). The Application Authority refers to the national level of fisheries 

authority. The goal of the Social Reserve is to allocate shares to vessels with low catch 

histories, therefore reducing the socioeconomic impacts of the program (CFP Res. 23/09). 

The social quota allocations are temporary, annual allocations where the provincial 
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authority determines who complies with the requirements to receive it. Provinces can 

request temporary quota transfers for social reasons to vessels that have a homeport 

within that province and hold quota for that species. The CFP approves all final social 

quota allocations.  

The Artisanal Reserve is a group quota for vessels registered in the National 

Registry of Artisanal Fisheries and is managed as a total quota for this small fleet (CFP 

Res. 3/2000).  

Table 4. Social Reserve Allocation by Province 

Social Reserve Allocation 2010 (% of TAC) 

Application Authority 12.45 

Buenos Aires Province 7.56 

Rio Negro Province 1.03 

Chubut Province 4.31 

Santa Cruz Province 1.72 

Total 27.07 

 

2.5.2.3 Quota transfer rules 

Transferability is the second key characteristic of a property rights regime, and 

potentially the most economically important. Transferability theoretically enables the 

optimal allocation of resources among users to achieve the economically efficient 

outcome. However, Argentine policymakers designed quota transferability rules with 

both economic and social goals in mind. Specifically, authorities implemented a 

unidirectional trading restriction between ice trawler and freezer trawler vessels and a 

two-year limit on the temporary lease of quotas.   
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The Federal Fishery Law 24.922 establishes the key provision restricting quota 

transferability between vessels, stating that ice trawler vessel can buy quota from, but not 

sell to, offshore freezer trawler vessels. According to survey respondents, a politician who 

represented the ice and coastal trawler vessels argued for this provision to protect this 

fleet from becoming consolidated by the offshore processor fleet. The existence of this 

unidirectional trading restriction in federal law required that policymakers include it in 

the final ITQ program design. The law further establishes that quotas are completely or 

partially transferable. From this mandate, the CFP and stakeholders designed additional 

rules governing quota transferability and utilization.  

Surveyed policymakers affirm that the unidirectional trading restriction was 

intended to maintain the composition of the fleet and slow the exit of ice trawler vessels 

from the hake fishery. Limitations on temporary transfers were intended to restrict 

perpetual leasing of quota. Due to the debate over initial allocation of quota, 

administrators wanted those who most needed quota to use it, rather than speculators or 

armchair fishermen.  

Within each fishery fleet, and in the hoki, Patagonian toothfish, and southern blue 

whiting fisheries, where all fishing vessels belong to the freezer-processor fleet, Argentine 

ITQs are almost freely transferable. Consistent with the Federal Fishery Law, the CFP Act. 

49/2009 establishes that ITQs are “completely or partially transferable.” CFP Res. 24/2009 

outlines specific temporary and permanent quota transfer rules, followed by minor 



 

51 

modifications in CFP Res. 11/2012 and 1/2013. Transfers are subject to CFP approval and 

a Transfer Right fee (Table 5) (CFP Act 49/2009). Transfer Right fees will go to the National 

Fishery Fund to cover the costs of managing the ITQ program (CFP Res. 1/2013). The fee 

for temporary transfers is calculated on a per ton basis. A permanent transfer fee is 

calculated by volume, in tons, and the number of years remaining in the quota. Vessels 

owned by the same person or company group are exempt from paying this fee. If one 

vessel replaces another, they are also exempt from this fee. Temporary transfers can be 

requested up to November 30 each year.  

Table 5. Transfer Fees for Hake Quota 

Species Transfer right fee per 

ton (2010-2016) (AR$) 

Transfer right fee per ton 

(2016) (AR$) 

Southern Blue Whiting $ 11 $ 51.45 

Patagonian Toothfish $ 150 $ 1,493.10 

Hoki $ 11 $ 40.74 

Argentine Hake $ 15 $ 57.41 

 

While the CFP regulates Transfer Right fees, there is no record of quota prices 

exchanged between quota holders. These are private arrangements set between quota 

buyers and sellers that do not need to be reported to government authorities. Quota 

transfers are only reported to the CFP in terms of status (temporary and permanent), 

quantity of quota being transferred, and name of the transferor and transferee. The CFP 

then approves the transfer and collects the Transfer Right fee to deposit in the National 

Fishery Fund.  
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Firms do not believe that the ITQ program presents a significant barrier to entry 

to the regulated fisheries. Any new entrants to the ITQ fishery must be a registered 

taxpayer with the Federal Taxes Agency of Argentina. They can enter the fishery by 

purchasing a permit for that species and then purchasing quota. If they do not obtain the 

permit, then the quota associated with the vessel will expire. Existing licenses, and even 

entire vessels, can be purchased from vessel owners or companies and these licenses may 

come attached with quota.  

2.5.2.4 Quota utilization rules 

The security and durability of an ITQ property right can further influence social 

and economic outcomes. Policymakers established that ITQs would be valid for a 15-year 

period and would expire or be renewed in 2024.  However, policymakers developed a 

use-it or lose-it provision to incentivize productive quota use and ensure circulation of 

quota amongst active fishery participants, while also including flexibility for production 

and ecological uncertainties.  

The CFP can revoke quota under the following conditions (CFP Res. 23/2009 Art. 

13):  

a) Totally following two years of quota inactivity, consecutive or not 

b) Partially for landing less than 90% of quota during two consecutive years or 

three alternating years 

c) Totally, for total quota transfers to another company for two years, 

consecutive or not 

d) Partially, for partial quota transfers to another company for two years, 

consecutive or not. In this case, the amount of quota will be revoked until 

reaching 90% of the average quota used.  
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A vessel can submit a formal justification for insufficient ITQ landings during 

commercial inactivity or operational challenges that last at least 30 days.  

The ITQ program stipulates that, “All landings, including incidental, of the 

regulated species will be deducted from the vessel’s quota for that species” (CFP Act 

49/2009). Landings in excess of 3% of the quota are deducted from the following year (CFP 

Res. 1/2013). Companies can freely transfer allocation between their vessels such that the 

total landings across all vessels is less than or equal to the total allocation.  

In 2013, in response to industry concerns, the CFP established a transitional 

provision for ITQ holders to submit to the CFP the volume of quota they estimate that 

they will not use in the upcoming year (CFP Res. 13/2013). This amount is integrated into 

the Administrative Reserve. The goal of this provision is to achieve the maximum 

development compatible with the rational use of the resource. Firms had until November 

2013 to submit expected unused quota to the Reserve. Note that this Resolution was 

published in October 2013 and is specific to the hake fishery. Any quota submitted to the 

Reserve exempts the holder from the full requirements of CFP Res. 23/2009 Art. 13. In 

August 2014, CFP Resolution 8/2014 updated this deadline to September 30, 2014. In May 

2015, the CFP once again updated the deadlines to June 15, 2015. In April 2016, CFP Res. 

5/2016 set the deadline to June 1.   

Whatever firms “give up” to this Administrative Reserve can be temporarily 

reallocated to other vessels, as long as those vessels pay the transfer fee per the volume of 
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quota. However, this results in two potential unintended consequences. First, survey 

responses from quota holders revealed that these provisional rules prompt an increase in 

fishing activity ahead of the deadline and/or at the end of the year, once they realize they 

may fall short of their planned quota use.   

 Second, the free transfer that occurs either through the reallocation process of 

unused quota from one vessel to another encourages vessel owners to wait for freely 

allocated quota rather than purchase quota from another vessel, inhibiting quota market 

activity. Furthermore, surveyed owners of ice trawler vessels strongly believe that this 

acts as a loophole to the unidirectional trading restriction, since offshore processor vessels 

may receive quota freely given up by ice trawler vessels, but ice trawlers are blocked from 

selling that same quota.  

Other surveyed quota holders suggest that they give up or sell quota to target 

more lucrative fisheries, such as the Argentine red shrimp fishery. These decisions may 

be based on the relative abundance and price of shrimp compared to hake or seasonal and 

spatial closures.    

2.6 Results: Evaluative Criteria 

ITQ program design may be evaluated on the degree of perfect property rights 

based on the security, transferability, durability, and security of the right (Arnason, 

2012). However, such evaluations may only consider economic efficiency targets. Given 

the stated goals of the ITQ program and its subsequent rules, it is more appropriate to 
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evaluate program design and performance based on the wider set of criteria: economic 

efficiency, equity, accountability, and adaptability. These four criteria are often used 

within the IAD framework, although other criteria may also be used. The survey results 

and descriptive data on fishery participation before and after the program provide 

qualitative insights into evaluating these criteria.  

2.6.1 Economic efficiency 

The IAD Framework measures economic efficiency as the “change in the flow of 

net benefits associated with the allocation or reallocation of resources,” usually with the 

aim of generating the greatest net benefit from scarce resources (Ostrom, 2005, p. 66). The 

broader literature assesses economic efficiency achieved through ITQ program design 

based on fleet consolidation, season length, and landing prices observed after the 

implementation of the program.  

Consistent with the literature, one would expect the restrictions on transferability 

to reduce economic efficiency by limiting the freely tradable nature of the property right. 

Assuming that completely and freely tradable rights would lead to the most economically 

efficient outcome, there are four ways the Argentine ITQ design creates economic 

inefficiencies through restrictions on transferability:  

First, the unidirectional trading restriction inhibited the tradability and price of the 

ice trawler fleet quota due to its limited market to sell quota, per several survey 

respondents. This also makes it difficult for freezer trawler vessels to purchase quota due 
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to the small market size, and these vessels rarely sell quota to ice trawler vessels. The 

unidirectional trading restriction was intended to maintain the composition of the fleet 

and mitigate the buyout of ice trawler vessels by larger firms with freezer trawler vessels. 

While several firms still believe that the restriction helps small and medium-sized firms 

and prevents a significant concentration of quota amongst large firms, Figure 5 illustrates 

that freezer trawler vessels are increasingly capturing a larger share of the total harvest, 

independent of the quota rules.  

Second, quota utilization rules may cause economic inefficiencies. Firms may 

harvest more than would otherwise be economically profitable in order to comply with 

sufficient quota use requirements. On the other hand, the use-it-or-lose-it penalty could 

further push vessels to exit by forcing them to use the quota or give it up freely. This 

would generate economic efficiencies and rents through accelerated fleet consolidation 

and productive use of all allocated quota, respectively. Furthermore, there is the 

possibility that the government’s economic objective focuses more on generating tax 

revenue from exports than fleet-level economic efficiency.  Hence, obligating vessels to 

harvest hake, even if unprofitable or economically inefficient at a vessel or fleet level, 

could be in line with the government’s objectives to generate revenue via taxes on exports.  

Third, the availability of almost free quota from the Administrative and Social 

Reserves creates a perverse incentive where firms wait to request quota from, and pay a 

nominal fee for, these reserves instead of directly purchasing quota from other firms. 
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Those firms that freely give up quota to the Administrative fund to avoid the insufficient 

use penalty are therefore incurring the additional opportunity cost of otherwise 

temporarily leasing or permanently selling the quota.  

Finally, the limited, 15-year tenure of the quota concession depresses prices for 

hake quota over time, as firms are aware of the 2024 “expiration date,” and discourages 

quota purchases.  

Despite socially oriented policies to maintain employment and support the coastal 

and ice trawler fleets, a cursory analysis of fleet participation post-ITQ implementation, 

reinforced by comments from respondents, demonstrates that fleet consolidation is 

occurring regardless of policy levers. This consolidation is further accompanied by a shift 

in landing shares from the ice trawler to the freezer trawler fleet in the hake fishery after 

ITQ implementation (Figure 5). The freezer trawlers (arrastreros) are steadily increasing 

their share of hake landings over time, while the ice trawler fleet (fresqueros) is steadily 

decreasing over time. Similarly, the small-scale fishing fleet (costeros and rada o ria) 

landings remain relatively low.  

However, firms and policymakers wonder if a degree of consolidation was 

inevitable due to macroeconomic factors, such as a relatively low international price for 

hake (Figure 6) and rising internal operating costs. Surveyed businessowners stated that 

labor, fuel, and equipment are their most important operational costs. The unionization 

of labor in Argentina makes it difficult for firms to downscale their labor force in times of 
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economic difficulties and reinforces higher levels of pay and employment. Taking 

nationalized fuel prices as a proxy for internal costs, Figure 7 demonstrates a sharp 

increase over the last ten years, with fuel costs only recently declining in 2015. 

Additionally, many firms believe the ITQ program serves primarily as an administrative 

rule that increased the security, predictability, and control of the sector, allowing firms to 

better plan production schedules each year based on their guaranteed quota holdings.  

 

Figure 7. Mean Annual Fuel Prices 

Hence, there is evidence that modifications to the transferability and utilization 

of fishing quotas, from the standard unrestricted approach, hindered economic 

efficiencies in favor of socially-oriented objectives. Specifically, multiple policy levers 

undermine each other in the pursuit of distinct economic and social goals. The 
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interaction between the unidirectional trading restriction and the use-it-or-lose-it 

penalty is a prime example of unintended consequences. The transfer restriction inhibits 

quota trading and depresses the market price of quota for ice trawlers such that when 

these vessels hold too much quota, they are forced to freely give it up to the 

Administration reserve, rather than sell or lease it to the freezer trawler fleet. The freezer 

trawler fleet, in turn, receives that same quota for a nominal fee from the reserve.  

While firms have mixed opinions about the effects of these modifications over 

their operations, they are generally favorable of the ITQ program as an administrative 

approach to enhancing their internal operations through better predictability of annual 

production.  

 

Figure 8. Ice Trawler Vessel Owner Survey Responses 
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Figure 9. Freezer Trawler Vessel Owner Survey Responses 

 

Figure 10. Fishery Stakeholder & Policymaker Survey Responses 

2.6.2 Equity  

The concept of equity refers to both fiscal equivalence and redistributional equity. 

Where the first posits that those who earn the benefits of a program or policy should bear 

the burden of financing it, the second argues that resources should be redistributed to 

those most in need.  
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In terms of fiscal equivalence, vessels actively participating in quota trading, or 

receiving additional quota from the government-managed Administrative Reserve and 

Reallocation Fund, pay for the services they are receiving through the transfer fee, which 

in term funds the administration of the ITQ program. Although nominal, this fee 

symbiotically ensures that those who benefit from quota trades pay for these benefits, 

while also providing funding to the administration of the program.  

On the other hand, redistributional equity appears less direct. Many firms and 

policymakers agreed that the initial design of the ITQ program intended to avoid the 

concentration of quota among few, large firms, and ensure an equitable distribution of the 

quota across all firm and vessel types. Policymakers, overall, believe that the ITQ program 

helped both types of fleets and port communities in Buenos Aires and Patagonia, in terms 

of minimizing economic costs to operations and maintaining access to the fishery. 

There are three key policy levers that influence redistributional equity outcomes. 

The unidirectional trading restriction is one such lever. Firms have mixed opinions about 

the effects of this restriction on their operations. Forty percent of ice trawler vessel owners 

believe this restriction helps their fleet, whereas 75% of freezer trawler owners disagree 

with this statement (Figure 8 and Figure 9). Qualitatively, some believe that the trading 

restriction supported small businesses, maintained the composition of the fleet, and 

limited a significant concentration of quota amongst large companies. Others believe this 

concentration was inevitable and occurred independently of the ITQ program, potentially 
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due to macroeconomic factors such as rising production costs and a low export price for 

whitefish (Figure 6 and Figure 7).  

The social reserve is another tool to ensure redistributional equity by distributing 

annual quota allocations to those vessels that requested it, with a goal of favoring vessels 

with lower quota allocations or those that would land and process their harvest in ports 

located in the province allocating the quota. Firms overall view this program to be helpful 

for enhancing operations and profitability. While only about 20% of firms in each fleet 

view the social quota allocation process to be fair or transparent, 40-50% believe the social 

quota supports the coastal fleet (Figure 8 and Figure 9). Policymakers emphasize that 

firms that request social quota generally receive it. In some years, there may even be a 

surplus of social quota to distribute, which may relate to a broader issue of firms 

struggling to achieve their initial quota allocation.  

Finally, labor contracts and remuneration are an important social outcome in 

fisheries management. At the vessel level, labor unions negotiate contracts with the firms 

directly, independent of overarching fisheries administration. As a result, the ITQ 

program did not have a direct impact on employment numbers. However, several 

respondents noted that the ITQ program reinforced a better registry and documentation 

of laborers, even offering incentives through additional quota allocations to those 

companies that registered employees. Firms also signed a new labor agreement with 

unions alongside the implementation of the ITQ program.  
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Despite the emphasis on social goals related to the coastal and ice trawler fleets 

during the ITQ process, firms with these vessels are less satisfied with the ITQ program 

than those with freezer trawler vessels. In fact, all firms with ice trawler vessels agreed 

that the ITQ program created conflicts between coastal communities and fishing fleets. 

They further disagree that the ITQ program generated benefits such as reducing financial 

risk or improving production, whereas vessel owners of freezer trawler vessels agreed 

that they saw these benefits. Finally, 50% of freezer trawler vessel owners believe their 

initial allocation was fair, whereas only 18% of ice trawler vessel owners believe this is the 

case (Figure 8 and Figure 9). These survey results suggest that while the program 

implemented two key policy levers to achieve redistributional equity outcomes, it may 

not have done so in practice.  Specifically, policymakers failed to account for how these 

different policy levers would interact when setting out to achieve a suite of social and 

economic objectives. As discussed earlier, policies such as the unidirectional trading 

restriction and creation of additional quota reserves, in practice, undermine each other in 

the pursuit of different goals. It could be that policymakers failed to predict how such 

policies would influence fleet dynamics in the face of macroeconomic factors and the 

tendency of ITQ programs to drive economic efficiency goals, such as fleet consolidation.   

2.6.3 Accountability 

At the collective-choice level of analysis, accountability refers to “whether officials 

are accountable to citizens concerning the policies and rules chosen” (Ostrom, 2005, p. 67). 
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The historical and ongoing ITQ policy design process exemplifies three key accountability 

features. First, publicly available, online legislation documents nearly the entire design 

process for the ITQ program, even including how each of the five allocation factors were 

weighted for each vessel and any modifications to initial allocation. Every year, the 

allocation of quota among vessels is published in the national register and local news 

sources. Such open documentation of quota allocations speaks to the transparency in the 

design and implementation process for the ITQ program.  

Second, nearly every industry participant in the survey also participates in a 

tracking commission for the quota-regulated species, which meets regularly and includes 

members of the Federal Fisheries Council (CFP), the National Institute of Fisheries 

Development (INIDEP), the Undersecretary of Fisheries and Aquaculture, and industry. 

Meetings are determined by availability of participants and current policy concerns or 

industry needs. Many also participate in their respective fisheries chambers or councils, 

which are segmented by fleet type. Even if not all firms participated personally in the ITQ 

design process, their representative chamber or council did. All survey respondents 

commented on these meetings as a valuable opportunity for industry representatives to 

influence policy processes and for policymakers to listen to industry concerns and justify 

policy actions.  

Third, the ITQ program also increased legal accountability of fishing firms. Not 

only did it encourage better documentation of crew numbers, but also included better 
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dockside oversight and monitoring of landings to ensure firms are complying with quota 

allocations. Whereas historically total landings superseded the TAC, landings post-ITQ 

program implementation are now well within TAC limits (Figure 2).  

Nonetheless, certain aspects of the ITQ program could be made more transparent. 

Several of the surveyed businessowners commented on the redistribution of quota from 

ice trawler to freezer trawler vessels, potentially through legal loopholes such as the 

Administrative Reserve, and hoped for better regulatory transparency. Neither ice trawler 

nor freezer-processor trawler owners perceived that the social quota allocation is a fair 

and open process (Figure 8 and Figure 9). Some suggested that, to become more 

transparent, future quota allocations should reflect current industry practices and ice 

trawler vessels should be allowed to convert to freezer trawler vessels.  

Recent adjustments to the ITQ program in 2018, particularly in terms of the use-it-

or-lose-it penalty and sufficient quota use requirements, reflect how policymakers 

respond to such industry concerns. Policymakers overall believe that the ITQ program is 

designed to support different fishing fleets and communities, and appear open and 

willing to adjust certain aspects of the policy to industry concerns (Figure 10). 

Hence, the overall policy design process, and emphasis on stakeholder 

involvement at every level, suggests that the government officials in charge of the ITQ 

program are generally accountable to their industry stakeholders. Furthermore, the 

pursuit of accountability and transparency in governance does not come at the expense of 
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other goals. In fact, it may instead foster industry buy-in and participation. However, 

future revisions to the program, especially in regards to quota allocation and re-allocation, 

should continue to seek transparent approaches to quota allocation. In addition, 

policymakers may also consider to what extent they should incorporate all stakeholder 

requests into final policy design. While the design process of the current iteration of the 

ITQ program demonstrates a high level of inclusivity, it also demonstrates an over-

burdened policy with multiple levers that do not function harmoniously together in 

achieving social and economic objectives. Hence, the power of the industry to influence 

policy should be considered, and managed, in future policymaking endeavors.   

2.6.4 Adaptability 

Finally, institutions may become more rigid or flexible over time in response to 

changes in exogenous factors, such as environmental conditions, and changes in behavior 

of those operating within the institution, such as unintended shifts in fisher behavior in 

response to ITQ regulation.  

Policymakers share that the original stated goals of the ITQ program included how 

to allocate scarce resources with the lowest negative economic and social impacts to 

fishing firms and communities. The overall opinion from survey respondents is that they 

generally achieved this goal with the initial design of the program. However, over time, 

the program and industry have both changed in ways that no longer meet these objectives.  
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First, the current distribution of quota holdings does not necessarily reflect the 

intentions of the ITQ program. For example, recently there is a significant shift in quota 

holdings from ice trawlers to freezer trawlers, even if the law prohibits trade of quotas in 

this direction. Firms are worried that quota transfers between companies may not be equal 

in terms of social factors, and instead are economic trades that may disadvantage certain 

quota holders.  

Second, ecological and economic conditions generated an unforeseen 

circumstance where firms do not necessarily want to fish hake, once the primary national 

fishery of Argentina. Notably, a growing abundance of shrimp that has a relatively high 

export price is prompting firms to substitute their fishing effort away from hake and into 

this more lucrative fishery. As a result, some firms also struggle to achieve the 90% hake 

quota use requirement each year. In 2013, the CFP added flexibility to the use-it-or-lose-it 

penalty by allowing firms to freely give up some portion of their quota to the 

Administrative Reserve to avoid that penalty. Firms that need additional quota can 

request it from this fund and pay the transfer fee. However, firms with ice trawler vessels 

worry that this creates a loophole where ice trawler quota is temporarily or permanently 

transferred to freezer trawlers. Hence, while the new regulation allows greater flexibility 

in the sufficient use clause of the ITQ program, it may also create unintended 

consequences for the redistributional objectives of the program.  
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Despite modifications to the ITQ program over time to adapt to changing social, 

economic, and environmental conditions, the overarching view is that the most significant 

changes in the fishery sector are occurring independently of the ITQ program. Such 

changes include the shift to targeting shrimp instead of hake and economic conditions 

that hamper profitability in the sector. Rising internal costs, such as labor and operational 

expenses, are particularly relevant to companies with ice trawler vessels and onshore 

processing plants. Adaptability is increasingly emphasized in fisheries management 

literature, especially in light of the globalization of seafood markets, climate change, and 

the multi-species nature of many fisheries (Birkenbach et al., 2018). While regular updates 

to Argentina’s ITQ program suggest that policymakers strive to adapt to changing 

economic and ecological conditions, this adaptation may not be quick enough.    

2.7 Discussion and Conclusion 

The application of the IAD framework to the Argentine ITQ design process and 

outcomes demonstrates a well-intentioned and inclusive management approach, which 

generated a policy that attempts to achieve both social and economic objectives through 

numerous modifications to a traditional ITQ program design. As a result, these different 

policy levers inhibit economic efficiency and fail to achieve distributional equity. While 

macroeconomic conditions are partially to blame for these outcomes, the interaction of 

different policy levers, which in turn undermine or go against each other, further 

exacerbate the challenges faced by the fleet under this management regime. Nonetheless, 
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policymakers’ efforts to be transparent, accountable, and adaptable have generated 

positive industry buy-in and demonstrated a willingness to improve aspects of the policy 

that did not turn out as expected.  

As such, there is still room for improvement in the next iteration of Argentina’s 

ITQ program. In general, firms and policymakers are relatively satisfied with the ITQ 

program but want to see some improvements moving forward. In particular, they would 

like the unidirectional trading restriction examined and possibly modified. Firms also 

want to see a greater flexibility in the rules governing sufficient quota use. Finally, firms, 

especially those with ice trawler vessels, would like to see an updated allocation of quota 

based on current practices, or the application of the initial allocation criteria to quota 

transfers as a means of ensuring transfers occur between firms and vessels with similar 

social and economic characteristics. Nonetheless, the majority of respondents would like 

to see the ITQ program expanded to other Argentine fisheries.  

The goals of the ITQ program included reducing socio-economic impacts of the 

program and maintaining fleet composition and employment, in addition to achieving 

economic efficiency, two goals often placed in opposition to each other. The CFP, through 

a stakeholder-driven process, developed quota allocation, transferability, and utilization 

rules to achieve these goals. Unidirectional trading restrictions between ice trawler and 

freezer trawler fleets may have slowed the concentration of quota amongst large firms, 

although the exact impacts of this restriction on current quota distribution are uncertain. 
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Finally, quota utilization rules, stipulating that firms must land at least 90% of their hake 

quota each year, include both flexibility to account for production and ecological 

uncertainty but rigidity to ensure a wide circulation of quota among those vessels that 

most need it. Since the ITQ program was implemented in 2010, the CFP continues to work 

with stakeholders to update the program design to address changes in the industry.  

Preliminary data analysis demonstrates that this program has accompanied fleet 

consolidation across all four fisheries, a greater concentration of landings in a few 

principal ports, and a greater concentration of landings shares amongst offshore vessels, 

particularly the factory trawler fleet. The data also demonstrates continued participation 

of total number of small-scale fishing vessels, suggesting that these vessels may be 

subsidized by generous social reserve quota allocations or may be diversifying target 

catch into unregulated and higher valued species. 

These results are particularly interesting for small-scale vessels. Despite Argentine 

policymakers’ best efforts to design a policy that would support small-scale coastal 

vessels, macroeconomic factors such as integrated global seafood markets generate 

conditions that make profitability difficult for small-scale operators. Instead, small-scale 

operators may want to explore local markets where they can capture a higher price for a 

smaller volume of harvest.     

The primary goal of this paper is to understand the overall configuration of the 

Argentine ITQ program and evaluate the potential equity-efficiency trade-offs built into 
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its design. In particular, I find that an emphasis on redistributional equity in policy design 

may have come at a cost of economic efficiency. However, policymakers exemplify both 

accountability and adaptability to adjust the program to industry concerns and changing 

ecological and economic conditions. Hence, the trade-offs between equity and efficiency 

may be ameliorated when stakeholders take an active role in the policymaking process 

and share how policy design levers influence their day-to-day activities. On the other 

hand, the inclusivity of the design process may have ultimately led to a less efficient policy 

– another trade-off policymakers will need to consider when attempting to design both 

efficient and transparent management regimes.  

As policymakers increasingly modify traditional ITQ programs to incorporate 

non-economic objectives at the collective-choice level of analysis, it is increasingly 

important to understand how these modifications influence fishing behavior at the 

operational level. Understanding the nuances of these rules, and how they formed, may 

lend greater insight on how different configurations of rights-based management 

generate trade-offs between economic efficiency and social equity goals. The analysis 

focuses on four main attributes of property rights, exclusivity, security, transferability, 

and permanence, to analyze the development of specific rules in this ITQ fishery. The IAD 

Framework identifies key actors and processes that influenced the institutional design of 

the ITQ program. The process through which these rules is designed is then evaluated 

through the IAD Framework. This analysis will inform the construction and analysis of a 
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suite of variables to evaluate the social, ecological, and economic outcomes of the ITQ 

program in the Argentine hake fishery. The application of the IAD framework to analyze 

ITQ program structure can be adapted to other fisheries management contexts and 

generate comparisons across case studies. As fisheries management becomes increasingly 

complex in a globally interconnected, and changing, world, such studies can lend insight 

on how policymaking processes can lead to better economic efficiency, redistributional 

equity, accountability, and adaptability.   

The intended design of the Argentine ITQ program to balance economic 

efficiency and distributional equity outcomes presents a useful case for understanding 

how property-rights based management design influences resource management 

outcomes, especially in light of recent normative debates about whether or not to 

include social objectives in ITQ policy design. Understanding how allocation and 

trading restrictions impacted efficiency and equity outcomes in Argentine fisheries can 

reveal how similar modifications to ITQ design may influence outcomes in coastal 

communities under ITQ management in the United States and abroad.
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3. Use it or lose it: An empirical evaluation of utilization 
rules in an ITQ fishery 

3.1 Introduction 

Quota under-utilization is a perplexing problem in constructed markets, such as 

trade quotas, water extraction, and environmental quantity control mechanisms 

including cap-and-trade for emissions and individual quotas for fisheries harvest. In 

these cases, firms are allocated a production permit, often under an industry-wide 

quota, that they may not fully utilize. Quota under-utilization could be explained by the 

option value that firms hold for these quotas due to expectations of future profitability 

or value of quota holdings (Anderson, 1987). In addition, environmental and economic 

uncertainty may cause unintentional under-utilization of the quota.  

Markets can incentivize productive use of limited permits or quotas by enforcing 

a use-it-or-lose-it policy where firms will permanently lose unused portions of their 

license or quota (Anderson, 1987; Donohew, 2009). Such penalties may encourage more 

efficient use of quotas through redistribution and innovation, but may also cause 

perverse incentives for resource extraction when it would otherwise be unprofitable to 

do so. For example, water markets in the western United States implement this so-called 

forfeiture rule where a portion of a water right left unused for a threshold period of 
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consecutive years will become subject to forfeiture. However, certain environmental 

conditions, such as droughts, may exempt right holders from this rule.4   

 The present paper evaluates how use-it-or-lose-it penalties in constructed 

resource markets influence firm behavior, specifically extraction levels and timing, 

under uncertainty. We empirically evaluate the policy impact of such penalties through 

an application to an individual transferable quota (ITQ) fisheries program in Argentina 

that includes a use-it-or-lose-it policy.  

 ITQs are one example of rights-based management that aims to resolve negative 

production externalities through the allocation of property rights for resource extraction. 

ITQs theoretically generate economic benefits by consolidating fishing fleets, extending 

season length, and allowing fishers to land their catch at the optimal time and price 

(Birkenbach et al., 2017; Homans and Wilen, 2005), but the social outcomes, especially in 

developing countries, are less understood (Brandt, 2005). For example, ITQ programs 

may not equitably distribute economic benefits and could disadvantage small vessel 

owners (Carothers et al., 2010). Furthermore, ITQs may not foster optimal allocation of 

fishing effort across species or within seasons. It can also be the case that fishers are 

unable to fully utilize quota due to bottlenecks in multi-species fisheries, where one 

quota is binding before the other can be fulfilled, or due to price or stock stochasticity, 

                                                      

4 Utilization requirements are also tied to permit renewals in a fishery, but such requirements can be modest 

(Smith, 2004). 
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where it becomes economically unfeasible to fully harvest this quota in the present, but 

the quota could still generate future rents under different economic or environmental 

conditions.  

Our primary motivation is to understand how particular configurations of rights-

based based management influence vessel behavior, specifically intra-seasonal harvest 

timing, and to evaluate these outcomes against less restrictive configurations. We 

implement a two-stage semi-structural model to estimate the impacts of economic and 

ecological conditions on fishery participation under an ITQ regime with a use-it-or-lose-

it penalty. Use-it-or-lose-it provisions in an ITQ setting may encourage greater 

circulation of quota amongst fishery participants, encourage productive use of quota, 

and generate government revenue through taxes on seafood exports. Our results 

demonstrate that this policy prompts smaller, coastal and ice trawler vessels to give up a 

greater share of their quota. A quota transfer restriction between the coastal ice trawler 

and offshore processor fleet additionally prevents these vessels from capturing rents 

from quota sales or leases to the processor fleet, which instead receives the given-up 

quota from a governmental quota reallocation. While this transfer restriction was 

intended to maintain the composition of the fleet, particularly the number of coastal and 

ice trawler vessels, the utilization requirement undermines this objective. The empirical 

results will inform a broader debate on rights-based management configurations and 

methodologies to evaluate the social, economic, and ecological outcomes of specific 
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policy design elements. This chapter is further motivated by growing interest in how 

rights-based management design influences trade-offs between social equity and 

economic efficiency objectives (Kroetz et al., 2015) or whether equity and efficiency are 

even in conflict (Anderson et al., 2015; Asche et al., 2018). Our model can provide 

insights into whether the use-it-or-lose-it policy produces unintended consequences that 

undermine stated social objectives of the ITQ program.  

3.2 Policy Context 

The fishing industry is a key contributor to food security, local livelihoods, and 

export earnings in developing countries (Smith et al., 2010). Seafood exports from 

developing countries account for 50% of international seafood trade (FAO, 2016).  

 Relatively recently, industrialized and export-oriented Latin American fisheries 

began adopting ITQ programs to enhance fishery management, following the collapse of 

importance fish stocks and the over-capitalization of the fishery industry (Chu, 2009). 

This chapter evaluates to what extent design elements of the ITQ program in Argentina, 

specifically a use-it or lose-it penalty, influence fishery outcomes. Fisheries management 

in Argentina provides a compelling research context for three reasons:   

 First, Argentina is a developing country that exports high-volume and high-

valued seafood products to developed countries. The seafood sector contributed $1.98 

billion in export earnings in 2017 (Subsecretaría de Pesca y Acuicultura. Dirección de 

Economía Pesquera, 2018). Four commercially important fisheries are managed by ITQs: 
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Argentine hake, Patagonian toothfish, Argentine hoki, and southern blue whiting. These 

four fisheries represent nearly 25% of all fishery export earnings in Argentina. Argentina 

provides a useful case in that it is a middle-income, developing country with relatively 

functioning administrative and enforcement institutions, such that ITQs are a well-

managed regulatory program with oversight and monitoring.    

 Second, the unique oceanography of Argentina’s coastal waters supports high-

volume fisheries, which are volatile due to varying environmental conditions (Bisbal, 

1995). However, these fishery stocks are vulnerable to over-exploitation and subsequent 

crashes during stochastically bad environmental years (Li et al., 2016). The hake stock 

collapsed in 1999, prompting the implementation of an ITQ program in 2010.  

 Third, equity considerations are central features of the Argentine ITQ program 

design. In 2010, Argentina’s Federal Fisheries Council (Consejo Federal Pesquero, CFP) 

launched an ITQ program with primary goals including fleet consolidation, improved 

compliance, equitable outcomes for the coastal, ice trawler fleet and the offshore, 

freezer-processor trawler fleet, the generation of rent through quota allocations, and the 

maintenance of employment throughout coastal ports. To achieve these goals, the CFP 

implemented a unidirectional trading restriction between the ice trawler and freezer-

processor trawler fleets. Furthermore, a use-it-or-lose-it provision penalizes insufficient 

use of ITQ in order to incentivize maximum sustainable use of the resource each year 

and prevent perpetual quota leasing.  
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Recently, the United States is beginning to incorporate equity and community 

welfare considerations into ITQ design, such as allocating shares to community 

collectives in the Alaskan fishery. Understanding how ITQ design elements influenced 

efficiency and equity outcomes in Argentine fisheries can lead to a better understanding 

of how similar modifications to ITQ design may influence outcomes in other coastal 

communities (Melnychuk et al., 2014).    

3.3 Literature Review 

There is a growing economics literature focused on evaluating the distribution of 

costs and benefits property rights-based management approaches to manage natural 

resources and environmental quality (Birkenbach et al., 2017; Doering et al., 2016; 

Homans and Wilen, 2005; Kroetz et al., 2015). However, conducting program 

evaluations of rights-based instruments is limited by the availability of ex-ante data to 

comprehensively evaluate the distributional outcomes of rationalization. In Argentina, 

the ITQ program was implemented relatively recently (2010) and ex-ante fisheries data 

is available as early as 2007.  

 Distributional outcomes may be influenced by program design, which in turn 

leads to varying degrees of quota concentration and harvest patterns. Kroetz et al. (2015)  

calculate the efficiency costs of including social objectives, through trading restrictions, 

in tradable permit programs. The study uses a natural policy experiment from the 
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Alaska halibut and sablefish tradable permit program to find that resource rent is 

reduced by 25% and 9% in each fishery, respectively.  

Evaluating rights-based management regimes also requires understanding how 

vessel behavior interacts with external forces, especially environmental and economic 

stochasticities. To develop a model that tackles both the impact of policy design and 

uncertainty on individual behavior in a quota market, we develop a model based on two 

broad strands of economic literature. First, there is an extensive literature within the 

field of fisheries economics that models how ecological uncertainty, sometimes coupled 

with economic uncertainty, influences optimal harvest levels and management 

configurations (Jensen, 2008). Second, the trade theory and industrial organization 

literature examine trade permit under-utilization and patent renewal patterns through 

the lens of option values in financial markets. Use-it-or-lose-it provisions are prevalent 

in trade permit markets, which will inform the development of a theoretical extension to 

explain under what conditions firms opt to incur short-run effort costs in order to 

maintain fishery quota in the long-run.  

A series of theoretical papers describe the optimal harvest policy with 

stochasticity, starting with the seminal Reed (1979) model and extending it under 

different biological and economic uncertainty assumptions (Clark and Kirkwood, 1986; 

Kennedy and Barbier, 2014; Sethi et al., 2005; Weitzman, 2002).  
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Nonetheless, these theoretical models calculate the optimal quota, harvest, or 

escapement level from the social planner's perspective, taken as given the harvester's 

decision after the policy has been set. The present empirical model estimates how 

biological and economic uncertainties, in combination with incentives created by the 

use-it-or-lose-it policy, influence different vessel-level exploitation paths within a fishing 

period under ITQ management. Few studies account for stochasticity in achieving 

harvest quotas (Sethi et al., 2005). While individual fishing vessels may aim to fulfill 

their quota each quarter, intra-seasonal externalities, which affect the distribution and 

abundance of the regulated species, may make it prohibitively costly to fulfill the quota. 

On the other hand, over-harvest of the quota, whether or not intentional, could lead to 

discarding and high-grading. Similar cases occur in the cap-and-trade literature, where 

stochasticity of emissions may cause firms to over or under pollute, incurring a penalty 

in the former case and failing to capture rent from selling permits in the latter case. As a 

result, individual firm behavior and stochasticities associated with the abundance and 

distribution of an environmental good (or bad in the pollution case) may cause 

inefficiencies in the quota trading market.  

Arnason (1990) demonstrates how time paths of firm quota utilization change 

under different ITQ configurations, positing that expectations of future environmental 

and economic conditions are the best predictors of these outcomes. The model calculates 

the market value of outstanding quotas as equal to the present value of expected future 
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resource rents generated in the fishery. Quota impermanence leads to excessive 

discounting of future profits and suboptimal outcomes of decisions to maximize total 

net present value of quotas. The use-it-or-lose-it penalty for insufficient quota use could 

cause firms to perceive their quota holdings as non-permanent, therefore shifting how 

they perceive the expected net present value of their quota holdings.  

 The industrial organization literature offers another relevant model for the 

analysis of firm-level behavior under different institutional configurations and 

uncertainty. Firms set production or investment decisions in the first period before 

uncertainty is resolved in the second period (Appelbaum and Lim, 1985).  

In these models, firms preemptively bid for trade quota or apply for patents 

prior to production. In the first stage, firms compete for a quota in an auction or race for 

a patent. In the second stage, firms make production decisions, which may or may not 

fully utilize the patent or quota from the first period. Various studies show that this 

under-utilization of quota is driven by uncertainty, where firms have an option value for 

maintaining a permit or patent which may become profitable in the future despite 

present-value costs incurred to maintain that production right.  

 The Pakes (1986) model shows that a firm will renew a patent, for a fee, only if 

the sum of current returns and the value of this option exceed the renewal fee. The 

option value is the expected discounted value of future net returns (current returns 

minus renewal fees). This model further incorporates uncertainty regarding the stream 
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of returns earned of the patent is maintained. The stochasticity in the model introduces 

an interesting result - it could be optimal for agents to incur short-term net losses for 

renewing a patent in order to maintain the future option of holding the patent and 

associated returns. This is not dissimilar from the ITQ case, where firms may incur 

short-run net losses to fulfill the quota to avoid the use-it-or-lose-it penalty and maintain 

the quota for future use. Many firms in interviews suggested as much due to the 

uncertainty of environmental and market conditions that could lead their ITQ species to 

become profitable again in the near future under the duration of the ITQ program (see 

Chapter 1).  

 Anderson (1987) analyzes scenarios under which export quotas are unfulfilled 

but still maintain a positive price in organized markets. In one scenario, firms 

demonstrate an option value for quota holdings by withholding present-day quota use 

in exchange for future gains under uncertainty. Here, quota licenses will be utilized until 

realized rent from quota fulfillment equals the expected rent from reserving quota for 

future periods. Another scenario models a use-it-or-lose-it penalty where future quota 

allocations are conditional on present period quota utilization. This creates an incentive 

to utilize quota in the present period, which may incur additional costs, in order to 

obtain future licenses that have a positive expected value. The results find that use-it-or-

lose-it requirements are inefficient.  
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Drawing from these two-period economic models, we develop a two-stage 

empirical model to identify policy effects on intra-seasonal behavior. Existing studies 

utilize expected harvest calculations to predict fishing effort, including target species 

and location, under uncertainty and different regulatory regimes (Haynie and Layton, 

2010; Holland and Sutinen, 2000; Huang and Smith, 2014; Zhang and Smith, 2011). The 

two-stage approach generates an exogenously calculated expected harvest in the first 

stage, which can then be incorporated into the second stage to predict fishery outcomes 

under different environmental, economic, and regulatory scenarios.  

For example, Holland and Sutinen (2000) employed ethnographic interviews 

with fishers to develop an intra-seasonal economic model of harvest location choices 

under uncertainty. Key insights from the interviews revealed that fishery and location 

decisions are based on historical choice patterns and that fishers often select their target 

fishery choice before leaving port but may change the exact fishing during the trip based 

on updated information. To reflect reality, they employ a nested model structure where 

the first stage models fishery and zone choice and the second stage models a smaller 

area location choice within the zone (Holland and Sutinen, 2000). The results show that 

accounting for individual heterogeneity, particularly historical and seasonal fishing 

patterns, improves the model’s predictive capacity for the distribution of fishing effort 

across species and location. The results further find that fishers are willing to alter 
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historical behavioral patterns in response to updated information, such as the fishery’s 

current location. 

Haynie and Layton (2010) jointly estimate expected harvest and location choice 

through a two-stage model analysis, where expected harvest from the first stage informs 

location choice in the second stage. The two-stage approach allows for ex-ante 

predictions of the cost of spatial closures by comparing expected profits across both 

policy scenarios.     

Such two-stage approaches can also be useful for estimating expected fishery 

harvest, and profit, when the actual state of a fishery stock is unobserved (Huang and 

Smith, 2014; Zhang and Smith, 2011). Assuming that every fisher is extracting from the 

same underlying stock, economists can treat the fishery stock as a latent state variable 

and estimate a stock index through a fixed-effects panel model. The use of micro-level 

fishery data can further reveal strategic intra-seasonal behavioral patterns to predict 

policy outcomes (Huang and Smith, 2014).   

The two-stage empirical model developed in this paper emphasizes the 

importance of evaluating the administrative details of quota systems to better 

understand how these configurations influence prices, welfare, and trade in constructed 

markets. The paper sets a baseline for developing models where quotas are treated as 

options. While the concept of ITQs and other environmental quotas as options is present 

in the natural resource economics literature (Lindner et al., 1992; Newell et al., 2005), no 
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paper explicitly models the implications of quotas as options on resource extraction, 

quota trading, and economic efficiency patterns. While our data is limited to aggregate 

monthly landings at a vessel level, instead of trip-level data, we can still use this data to 

model decisions based on historical experiences at the vessel level. This follows suit of 

the broader discrete choice literature in fisheries where granular level data is not always 

available (Haynie and Layton, 2010; Holland and Sutinen, 2000; Huang and Smith, 

2014). The proposed model will contribute to this existing literature by demonstrating 

how two-stage econometric approaches can model and predict microlevel and intra-

seasonal fisher responses to specific configurations of rights-based management 

programs to evaluate the social, economic, and ecological outcomes of these policy 

configurations at the firm-level.  

3.4 Theoretical Context 

Building on the theoretical literature, we can envision a scenario where firms 

maximize annual profit across two periods subject to quota constraints, ecological 

conditions, and production costs. For simplification purposes, assume that the quota 

market is in a steady-state equilibrium such that firms cannot obtain any additional 

quota in a given year and firm profits are dependent on the level of quota utilization. In 

the first period, firms set harvest levels based on expected ecological and economic 

conditions. In the second period, firms will update their harvest level based on first 

period observations and remaining quota. In the case of exceeding the quota, firms will 
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incur an extra effort cost and be forced to discard those fish exceeding the quota volume. 

On the other hand, if firms under-utilize the quota they will be subject to the use-it-or-

lose-it penalty and forfeit the unused portion of quota.   

As a result, a firm’s annual quota will undergo a transition function. If a firm 

harvests at least 90% of their quota, it will maintain the same quota holding as the 

previous year. Otherwise, the quota will be reduced to the previous year’s harvest. 

Firms with an option value for maintaining the quota will incur present value costs 

through exerting additional effort to fulfill the quota with the expectation of future, 

positive gains from holding onto the quota.  

This is similar to the Pakes (1986) patent renewal model, where a firm will pay a 

renewal fee to maintain the patent in the present period in exchange for the option to 

maintain it in the following period. This relies on the assumption that the firm will value 

this option at the "expected discounted value of future net returns," where there is a 

positive probability that the firm will earn future returns from the patent that are higher 

than current returns, therefore inducing the firm to renew the patent even if current 

returns are negative. This model is set up as an all-or-nothing profit maximization 

problem, where the expected discounted value of patent protection prior to renewal is 

equal to zero if the fee is not paid or equal to the current return and stream of future 

returns if the patent is renewed. In the fisheries quota scenario, however, quota holdings 
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are divisible and only the unused portion of the quota will be forfeited if harvest fails to 

fulfill the quota.  

In our model, firms make two decisions each year. In the first period, they set 

harvest level based on expectations of ecological stock and economic market conditions. 

This harvest level is constrained by their quota holdings. Second, in order to avoid the 

use-it-or-lose-it penalty, firms can decide to forfeit some proportion of their quota 

holdings that they expect will remain unused by the end of the season. If they expect a 

poor stock harvest for the year, they are more likely to forfeit quota freely than if they 

expect a good harvest year.  

At the end of the year, the total harvest is tallied against total quota. Firms that 

harvest at least 90% of their quota will earn exactly the rents from fully harvesting the 

quota. These firms hold exactly the right amount of equilibrium quota, on average, to 

maximize expected profits each year and maintain their quota and harvest levels.  

Firms that fall below this threshold will incur the use-it-or-lose-it penalty and 

lose the unused portion of their quota. One would expect the firm in the first case to 

sequentially lose quota over time until they reach an equilibrium level of quota.  

At this point, the firm's quota holding would reach a steady state. In a 

stochastically bad year, the firm will exert more effort in period 2 to avoid the penalty if 

their quota holdings are at the optimal level. In a stochastically good year, on the other 

hand, the firm can reduce second-period effort to avoid excess costs while also avoiding 
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the penalty. When the firm's quota holdings are greater than this optimal level, they will 

opt to pay the penalty and forfeit the unused quota. However, if they have optimistic 

future expectations of quota value or stock status, their option value for future quota 

holdings may induce them to exert extra effort in period 2 and avoid the quota. These 

conjectures are based on survey responses from fishery firms and the theoretical 

literature on option values for quotas. Our empirical model builds on this theoretical 

context to evaluate the welfare outcomes of this policy and test for underlying 

mechanisms that influence quota usage.  

3.5 Data 

The Argentine Undersecretary of Fisheries and Aquaculture granted access to a 

confidential monthly landings dataset for each ITQ-regulated species, covering the pre- 

and post-ITQ implementation period, 2007-2016. The dataset provides landings, fishing 

days, and crew size for each individual vessel. The CFP additionally granted access to 

annual ITQ program reports, which supplement the monthly landing data to provide an 

annual overview of activities related to ITQ holdings. These reports include vessel-

specific data on quota allocations, including allocations from the Social Reserve and 

Reallocation Fund, permanent and temporary quota transfers, total landings by vessel, 

insufficient quota use, concentration of quotas by firm, accidental landings by non-quota 

holding vessels, and other accompanying data related to the quota-regulated fishery.  
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Additionally, annual reports from the Argentine Undersecretary of Fisheries and 

Aquaculture provide data on export prices for all fisheries. The Secretary of Energy 

provides a dataset on all monthly fuel prices by location and fuel type. Fishing vessels 

use diesel oil, which they purchase from the “bunker cabotaje” (maritime shipping) 

market channel. Therefore, we subset the data into this fuel price and market channel for 

all major coastal ports.  

To determine which aspect of the ITQ program to focus the analysis on, semi-

structured surveys with policymakers and fishery firm managers collected information 

about the objectives of each policy lever within the ITQ program design and the 

influence of each on daily fishery operations. The survey collected responses from 

eleven managers at fishery firms and seven policymakers and industry representatives 

from fisheries chambers and councils. The sample of fishery firms represents the two 

regions (Buenos Aires and Patagonia) where hake fishers operate and the different fleet 

types (freezer trawler, ice trawler, and coastal trawler vessels).    

3.6 Empirical Application  

The ITQ program in Argentina presents an interesting case for preemptive 

decision-making in the face of environmental uncertainty and use-it-or-lose-it penalties 

associated more broadly with a range of quota and permit markets. Such a penalty is 

meant to incentivize efficient use of the permit, either through harvesting the full quota 

or selling it to another buyer. The empirical model developed in this paper will be 
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applied to monthly fisheries landing data at a vessel level spanning 2007 to 2016 to 

evaluate how use-it-or-lose-it penalties influenced intra-seasonal harvest patterns under 

the ITQ management regime and environmental uncertainty in a two-period framework.  

The Argentine government implemented an insufficient use provision, or a use-

it-or-lose-it penalty, in its ITQ program (CFP Resolution 23/2009). In the hake fishery, 

vessels must harvest 90% of their quota to avoid the penalty, which is incurred after two 

years of insufficient use. According to policymakers, the goal of this provision is to 

motivate vessels to harvest or trade quota, limiting perpetual leasing and ensuring that 

the fishing vessels that most need quota to operate profitably will hold it.    

In 2013, the CFP updated the ITQ program (CFP Res. 1/2013) and established a 

new transitional provision for ITQ holders to submit to the CFP the volume of quota 

they estimate that they will not use in the upcoming year (CFP Res. 13/2013).   

Each year, the deadline by which firms can submit unused quota to the CFP 

shifts. Generally, the CFP announces the deadline one month before the deadline. In the 

first year of the program, the deadline was November 2013. It then changed to 

September 2014 and June 2015 and 2016. The short-notice and timing of these 

announcements lends itself to treating these deadline variations as exogenous variations 

in policy timing.   

These rules establish a date by which vessels holding hake quota must declare 

any portion of the quota they do not expect to harvest to avoid the insufficient use 
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penalty. The CFP temporarily reallocates this quota to other vessels, and then returns it 

to the original owner the following year. This results in two potential unintended 

consequences. First, survey responses from quota holders revealed that these 

provisional rules prompt an increase in fishing activity ahead of the deadline and/or at 

the end of the year, once they realize they may fall short of their planned quota use.   

 Second, the free transfer that occurs mid-season or at the end of the year through 

the reallocation of unused quota from one vessel to another requesting quota 

incentivizes vessel owners to wait and be freely allocated quota rather than purchase it 

from another vessel.   

 Why does insufficient quota use occur? According to survey respondents, in 

lucrative fisheries with ITQs such as the Patagonian toothfish fishery, insufficient quota 

use is not a problem. Instead, vessels run through their quota quickly so that they can 

request additional quota from a centralized Administrative fund. On the other hand, 

vessels holding quota for less lucrative fisheries such as hake, hoki, and southern blue 

whiting often substitute effort into more lucrative, unregulated fisheries such as 

Argentine red shrimp. While the shrimp season is open, usually through October, 

vessels holding shrimp fishing permits attempt to harvest as much shrimp as possible. It 

is common to catch hake bycatch when targeting shrimp and ITQs can cover this 

bycatch. Once the shrimp season closes, and if the vessel still holds unused quota, it is 

likely that they will switch fishing effort back into hake. However, uncertainty regarding 
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hake stock distribution, size, and abundance, especially so late in the fishing season, 

prompts many vessels to declare some expected amount of unused quota mid-season to 

avoid the penalty for insufficient use or to avoid expending unprofitable fishing effort to 

capture the last necessary percentage of their quota. 

 

Figure 11. Total Unfished Quota, by Year. Source: Annual ITQ reports. 

Insufficient quota use is important from a policymaker’s perspective because it 

represents lost rents to business owners and to government agencies, which collect 

export taxes. Figure 11 demonstrates the amount of unused quota, in tons, over time. In 

2013, in response to high levels of unused quota, policymakers introduced the ability to 

freely give up quota to avoid the penalty. Hence, the low values of unfished quota in 

2014 and 2015 could be explained by given up quota, which was then reallocated to 

other vessels. Given an average price of USD $2,500/ton for exported hake, unused quota 

represents an opportunity cost of $63 million in revenue over seven years (Table 6). 
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Table 6. Opportunity Cost of Unused Quota 

Year Hake TAC Unfished Quota 

(tons) 

Potential Lost 

Revenue (USD M) 

2010 290,000 9,500 23.75 

2011 273,000 4,400 11 

2012 273,000 5,600 14 

2013 277,000 2,400 6 

2014 290,000 300 0.75 

2015 290,000 360 0.90 

2016 290,000 2,500 6.25 

Total  25,060 62.65 

 

 While this may explain the policymaker’s perspective for urging quota use, it 

does not explain why firms do not fulfill their quota. Annual ITQ reports demonstrate 

that firms face a non-zero probability of incurring a penalty if they do not fully fish their 

quota (Figure 12).  

 

Figure 12. Insufficient Use Penalties, by Vessel Type. Source: Annual ITQ 

reports. 
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Recall that firms may fish below their quota for up to two years before incurring 

the penalty, therefore it is reasonable that a spike in penalties occur during the second 

and third year of the program. Also note that only ice and coastal trawlers, collectively 

referred to as the coastal fleet, which typically harvest lower volumes of fish and land 

their catch in port to be processed on shore, incurred insufficient use penalties. Offshore 

freezer and factory processor vessels, collectively referred to as the offshore fleet, which 

tend to harvest in large volumes, did not incur any penalties.  

 

Figure 13. Mean Quota Utilization, Over Time and by Fleet. The dotted line 

represents the 90% threshold required to avoid the use-it-or-lose-it penalty. Source: 

Annual ITQ reports.  

Figure 13 illustrates annual quota use by fleet type across the years, where the 

dotted line signals the 90% threshold for sufficient quota use. While the factory processor 

fleet tends to justify its shortfalls with vessel inactivity or maintenance, the freezer 
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processor fleet typically harvests at least 90% of its quota. The offshore fleet also 

effectively engaged in trade during the preceding and first year of the program, quickly 

reaching market stability by the second and third years before the penalty could kick in. 

On the other hand, the coastal trawler fleet typically falls below the 90% threshold. The 

ice trawler fleet began fulfilling between 90 and 100% of its quota only after 2013, the year 

during which most penalties occurred and the first year to implement the provision to 

freely give up quota to avoid the penalty. These fulfillment numbers account for quota 

deducted to avoid the penalty, therefore we must also consider how much quota vessels 

are freely forfeiting.  

Quantitative surveys with quota holders reveal that hake ITQ was valued the 

highest during the first few years of the program, reaching $1,500/ton in 2013, given 

high demand for quotas and the twenty-year duration of the quota tenure. However, as 

the lifespan of the quota decreased, and the international market price for hake 

remained stable, the value of the quota also declined.  

Starting in 2013, quota holders could temporarily give up quota to the 

Administration Fund to avoid the use-it-or-lose-it penalty. Other vessels could then pay 

a small administrative fee to the government to receive additional quota from this Fund. 

Figure 14 demonstrates that the coastal vessels predominantly give up quota to this fund 

while the freezer processor vessels, which they are prohibited from selling quota to, 

significantly benefit from this fund.  
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Figure 14. Annual Quota Given to or Received from the Administrative Fund. 

A negative value represents a vessel that freely gave up quota to the Administrative, 

or Reallocation, Fund. A positive value represents a vessel that received quota from 

this fund. Source: Annual ITQ reports.  

These results suggest that the use-it-or-lose-it penalty is a significant threat to 

quota holders in the coastal fleet. Quota holders in the offshore fleet, on the other hand, 

are less likely to fall below this threshold. Theory would suggest that the less 

economically efficient producers, the coastal and ice trawlers, should give up their quota 

and substitute into more profitable outside options. However, the unidirectional trading 

restriction in the Argentina ITQ program prevents these vessels from selling quota to the 
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offshore processor vessels. The interaction between the penalty and trading restriction 

on economic efficiency and distributional outcomes is important for understanding the 

welfare effects of these policy configurations.  

Finally, monthly landings data for the hake fishery before and after the 

implementation of the ITQ program illustrate interesting patterns in seasonal fishery 

harvest (Figure 15 and Figure 16). Landings for each month are given as the average 

percentage of the annual total for each vessel. Post-ITQ (2010-2016), there appears to be a 

spike in harvest landings during the last few months of the year, especially among the 

processor trawlers. These changes are more modest, on average, for the ice trawler 

vessels. Further empirical analysis is needed to determine to what extent harvest timing 

is driven by environmental variability and by impending deadlines for renouncing 

quota to the Administrative Fund to avoid penalties.   

 

Figure 15. Monthly Hake Landings, Ice Trawler Fleet 2007-2016 
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Figure 16. Monthly Hake Landings, Freezer/Factory Processor Trawler Fleet 

2007-2016 

3.7 Methodology 

To understand the mechanisms driving intra-seasonal firm behavior, we conduct 

a two-stage analysis of vessel-level decisions to give up quota each year and to fish each 

month. This model draws on Zhang & Smith (2011), which estimates a fishery 

production function by treating the latent fish stock level as a fixed effect. The second 

stage utilizes this estimated stock level to then estimate the full suite of biological 

parameters. In our case, the second stage will estimate how predicted harvest from the 

first stage influences the percentage of quota given up freely in the second stage.    

The first stage estimates harvest as a function of the catchability coefficient 𝑞𝑖𝑑, 

fishing effort 𝐸𝑖𝑑
𝛼 , stock level 𝑋𝑑

𝛾, and random error terms for an individual vessel 𝑖 at 

time d. In this case, d denotes a year-month combination.  
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The generalized Schaefer production function to be estimated is:  

𝐻𝑖𝑑 = 𝑞𝑖𝑑𝐸𝑖𝑑
𝛼 𝑋𝑑

𝛾exp(𝜖𝑖𝑑) 

Since we do not observe gear type or fishing area in the data, we estimate the 

catchability coefficient with individual vessel fixed effects and an error term for 

unobserved heterogeneity. We also test model specifications that include the principal 

province where each vessel lands annually, since access to the fishery stock and markets 

may differ regionally.  

The log-linearized production function is:  

ln(𝐻𝑖𝑑) = 𝑞𝑖𝑑 + 𝛼 ln(𝐸𝑖𝑑) + 𝛾 ln(𝑋𝑑) + 휂𝑖𝑑  

Where 휂𝑖𝑑 = 휁𝑖𝑑 + 𝜖𝑖𝑑  is the combined set of error terms. For notational 

simplicity, let lower case variables denote the log transformation, for example: 𝑥𝑑 =

ln𝑋𝑑 . The stock level 𝑋𝑑  is unobserved by econometricians. However, all fishing vessels, 

which have different characteristics, face the same fish stock in each time-period, d. If 

this time-period is sufficiently short, we can treat the stock as a constant and 𝛾𝑥𝑑  as a 

time effect. This allows for the estimation of a Cobb-Douglas production function 

through a fixed-effect panel model, which will difference away the unobserved stock 

among fishing trips in the same period. 

This time effect, or stock index, can be estimated from the first stage regression 

and is defined as: 𝛿𝑑 = 𝛾𝑥d. Given that the fishery data provides a large number of 

active fishing vessels in each period, it satisfies the requirement for 𝛿𝑑 to be a consistent 

estimator (Newey and McFadden, 1994).  
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In the first stage, we use the year-month fixed effects to generate a composite 

stock index, 𝐷𝑡 , at the half-year scale to match the policy time scale:  

𝐷𝑡 = 𝑚𝑡
−1∑𝛿𝑑

𝑑

 

Where 𝑚𝑡 is the number of months in the half-year period. This value is year t 

specific and acts as an annual stock index for the first half of the year. Prior to the give 

up policy being enacted, the season was evenly split between the first half of the year 

and the second half. Once the policy was implemented, firms must surrender all given 

up quota prior to a specific deadline, which changes exogenously each year, to avoid the 

use-it or lose-it penalty for insufficient quota use. Seasonal conditions and the number of 

months spent fishing prior to this deadline are expected to influence the give up 

decision. Hence, fishing vessels observe the stock index 𝐷𝑡  during the first half of the 

year before deciding how much quota to give up. We estimate expected harvest for hake 

and shrimp separately.  

For the second stage, we are interested in how expectations of total annual 

harvest based on partially observed stock conditions influence the decision to give up 

quota halfway through the year. Therefore, the second stage will take this expected 

annual harvest value as one explanatory variable in the give up decision.  

Since the use-it-or-lose-it policy is implemented on a firm level, the number of 

vessels a firm owns is a proxy for firm size, and hence ability to capture the full amount 

of quota by shifting effort into more efficient or productive vessels. Firms may also be 
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influenced by macroeconomic factors, such as export and fuel prices, which govern 

profitability of fishing activity. 

To scale the give up decision across vessel types and sizes, we define it as a 

percentage of total quota holdings. Hence, the fractional logit is the appropriate 

functional form to predict how a set of covariates, including the first stage estimated 

expected harvest, influence the conditional mean of the probability of giving up quota.  

Tailoring this functional form of the fractional logit to the problem gives:  

𝔼(𝑔𝑖𝑡|𝒘𝒊𝒕, 𝒑𝒕), 𝑡 = 2010,… , 2016 

Where 0 ≤ 𝑔𝑖𝑡 ≤ 1 is the fractional decision to give up quota, 𝒘𝒊𝒕 is a suite of 

vessel and time-specific covariates, specifically the number of vessels owned by the 

holding firm and the predicted annual harvest from the first stage, and 𝒑𝒕 is the set of 

exogenous prices that vary by time. Based on interviews with firms, we include shrimp 

and hake export prices and fuel prices as explanatory variables for a vessel's decision to 

give up quota in a given year in the second stage.  

To assess the welfare effects of the policy, we test how an exogeneous shock to 

ecological abundance in the first stage would affect the give up decision in the second 

stage. Building on the first stage model, we back out the stock index variable, 𝑥𝑑, from 

the coefficient on the year-month fixed effects, such that 𝛿𝑑 ≅ ln(𝑥𝑑) ⇒ �̂�𝑑 ≅ exp(𝛿𝑑) 

The exogenous shock, 𝜎, is equal to the average annual variability across the 

sample in the stock:  
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�̂�𝑡 =
1

12
∑�̂�𝑑
𝑑

 

𝜎 = √𝑉𝑎𝑟(�̂�𝑡) 

This provides an empirical measure of the average environmental variability at 

an annual scale. To implement the shock, we take the actual mean expected annual 

harvest at the vessel level and shock it, either positively or negatively, with sigma. We 

will then test how these shocks affect the distributional outcomes of the give up policy 

on the different fishing fleets in the fishery. 

3.8 Results 

In the first stage of the analysis, we conduct a fixed effects panel regression of 

monthly vessel-level harvest decisions to predict expected annual hake and shrimp 

harvest given environmental conditions (Table 7 and Table 8).  

I test several models for the first stage, with and without robust standard errors. 

The number of observations (N) is the total number of vessel-date combinations across 

the sample (January 2007 through December 2016). The dataset is an unbalanced panel, 

where vessels are only observed at the monthly level for any non-zero hake or shrimp 

harvest and at the annual level if they receive any quota and/or land either species. The 

number of vessels is the number of vessels observed within each analysis. Hence, for 414 

observed vessels, there are approximately 42 observations per vessel across the ten-year 

period. In the second stage, this will be further restricted to post-2010, since the outcome 
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variable of interest, percentage of quota given up, only becomes a possible action under 

the ITQ program, and even then not until 2013.  

Both sets of observations vary across models due to availability of data, such as 

fleet type, number of crew, and number of fishing days, and due to the log 

transformation of landing, which causes zeroes to take on missing values. While these 

differences are marginal, I also run the suite of models for the same sample. I find only 

marginal differences in the estimated coefficients and standard errors, whereas the 

goodness of fit metrics stay relatively constant (Table 7).  

I calculate the primary explanatory variable, fishing effort, as both the product of 

crew and fishing days and as the product of fishing trips and fishing days. Both give 

similar coefficients and R-squared values. I also test the model with and without fleet 

fixed effects, since the type of vessel, which is a composite of storage capacity, motor 

power, length, and other, unobserved characteristics, is likely to influence the monthly 

fishing effort and harvest. Including fleet fixed effects only slightly changes the results 

and their statistical power, most notably increasing standard errors and the root MSE 

and marginally reducing the coefficient on log effort. 

Crew numbers were not provided for shrimp landings, so we only test the model 

with the second effort specification. The first stage regression on shrimp landings yields 

similar results, even finding a similar coefficient on effort, to those of hake. Comparing 

the hake model 5 to the shrimp model 2, the most striking difference is the range of 
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coefficients for year-month fixed effects (Figure 17). They are almost complementary, 

where the fixed effects are positive but decreasing over time for hake and negative but 

increasing over time for hake. This could relate to the boom in shrimp fishing, which 

was once restricted to a small geographic area but has since increased throughout the 

Argentine coastline during the study period. Vessel fixed effects are similar across all 

models and both fisheries, and consistent with what we would expect given the 

differences in vessel types and fisheries. These coefficients also differ across both 

fisheries, in particular the shrimp stock appears to be growing in abundance over time. 

This reinforces both anecdotal evidence and historical landings signaling an ecological 

“boom” in the shrimp stock. Vessels targeting shrimp and hake both use trawls, 

although vessels geared specifically for shrimp (tangoneras) use otter trawls instead of 

mid-water trawls.  

As expected, higher effort results in a higher harvest level. Similarly, seasonal 

and vessel-level effects also influence harvest. The coefficient plots for these fixed-effects 

demonstrate decreasing hake harvest levels over time, especially after the introduction 

of quotas in 2010. Intra-seasonal fishing patterns are also apparent in the monthly fixed 

effects. Fishing activity is highest earlier in the year (February through May) and then 

drops off during June, which coincides with peak winter conditions. Fishing activity 

then increases again in September and October, right before the end of the season and 
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the start of summer holidays. The vessel fixed effects demonstrate vessel-level 

heterogeneity (Figure 17).  

Table 7. Stage 1 Regression Model Results for Hake Landings.5  

 (1) (2) (3) (4) (5) (6) (7)  

 OLS 

 

OLS 

ROB 

OLS 

ROB 

Poisson 

ROB 

OLS 

ROB 

OLS 

ROB 

Poisson 

ROB 

Ln(Effort= 0.677*** 0.677*** 0.677*** 0.567***    

Crew*Fish Days) (0.010) (0.011) (0.011) (0.001)    

        

Ln(Effort=     0.713*** 0.711*** 0.591*** 

Fish Trips*Fish Days)     (0.011) (0.011) (0.001) 

Month-Year FE Yes Yes Yes Yes Yes Yes Yes 

        

Vessel FE Yes Yes Yes Yes Yes Yes Yes 

        

Fleet FE No No Yes No No Yes No 

        

N 17592 17592 17554 17927 18162 17762 18510 

Number of Vessels 414 414 403 415 425 406 426 

R2 0.918 0.918 0.918  0.920 0.920  

Adj. R2 0.916 0.916 0.916  0.918 0.917  

Root MSE 1.159 1.159 1.159  1.145 1.145  

Log-Likelihood    -3.85e+05   -3.95e+05 

Chi-Squared    5.50e+07   5.71e+07 

 

  

                                                      

5 For Tables 7 and 8, standard errors are given in parentheses, where * p < 0.05, ** p < 0.01, *** p < 0.001. ROB 

signifies robust regression and FE signifies fixed effects. 
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Table 7.2. Stage 1 Regression Model Results for Hake Landings with sample restricted 

to same observations for all models. 

 (1) (2) (3) (4) (5) (6) (7)  

 OLS 

 

OLS 

ROB 

OLS 

ROB 

Poisson 

ROB 

OLS 

ROB 

OLS 

ROB 

Poisson 

ROB 

Ln(Effort= 0.677*** 0.677*** 0.676*** 0.566***    

Crew*Fish Days) (0.010) (0.011) (0.011) (0.001)    

        

Ln(Effort=     0.712*** 0.712*** 0.588*** 

Fish Trips*Fish Days)     (0.011) (0.011) (0.001) 

Month-Year FE Yes Yes Yes Yes Yes Yes Yes 

        

Vessel FE Yes Yes Yes Yes Yes Yes Yes 

        

Fleet FE No No Yes No No Yes No 

        

N 17592 17592 17554 17592 17592 17554 17592 

Number of Vessels 414 414 403 414 414 403 414 

R2 0.918 0.918 0.918  0.920 0.920  

Adj. R2 0.916 0.916 0.916  0.918 0.918  

Root MSE 1.159 1.159 1.159  1.144 1.146  

Log-Likelihood    -3.04e+05   -2.99e+05 

Chi-Squared    5.60e+07   5.60e+07 

 

Table 8. Stage 1 Regression Model Results for Shrimp Landings.5  

 (1) (2) (3) (4) 

 OLS OLS ROB OLS  OLS ROB 

Ln(Effort= Fish Trips*Fish Days) 0.686*** 0.686*** 0.684*** 0.684*** 

 (0.007) (0.010) (0.007) (0.011) 

     

Month-Year FE Yes Yes Yes Yes 

     

Vessel FE Yes Yes Yes Yes 

     

Fleet FE No No Yes Yes 

     

N 4867 4867 4780 4780 

R2 0.980 0.980 0.980 0.980 

Adj. R2 0.979 0.979 0.979 0.979 
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Figure 17. First Stage Coefficient Plots. The plots on the left-hand side represent the 

monthly stock-indices, which are the year-month fixed effects, for the hake stock (top 

two rows) and shrimp stock (bottom row). The right-hand side illustrates the 

coefficient plots for vessel level fixed-effects.  
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Recall that the first stage is a log-log regression, where both monthly landings 

and effort are log transformed. To predict the expected annual harvest for each vessel, 

we apply Duan’s smearing transformation, rather than just taking the exponent of each 

log transformed variable, due to Jensen’s inequality. The smearing technique applies the 

following equation to correctly predicted expected values for log-transformed variables:  

𝐸[𝑦|𝑥] = exp(𝑥′𝛽) ⋅ 𝐸[exp(𝑢)] 

To apply the Duan’s smearing transformation6, I calculate both the predicted log 

monthly harvest and the residuals from the regression. Then, I exponentiate the 

predicted log monthly harvest and multiply it by the mean value of the residuals. This 

will give the correct predicted landings value. I test three specifications for predicting 

monthly landings – Duan’s smearing transformation, Stata’s predict function with 

exponentiated ln(landings), and a Poisson regression. The Poisson predicted outcomes, 

followed closely by the Stata prediction, give the closest statistical estimates to observed 

monthly landings (Table 9). All predictions are made using the same restricted sample 

from model 1. Across all models, model 5 features the best goodness of fit metrics and a 

relatively strong predictive power for monthly landings. Hence, the estimated 

coefficients from model 5 are used in the second stage predictions.  

                                                      

6 Duan, N., 1983. Smearing estimate: A nonparametric retransformation method. Journal of the 

American Statistical Association, 78, 605-610. 
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From the first stage, we predict expected harvest from the estimated coefficients 

on fishing effort and the fixed effects. However, we are specifically interested in how 

observed environmental conditions during the first half of the year influence harvest 

decisions, and the decision to give up quota, during the second half of the year. Hence, 

we sum monthly landings over the first half of the year before 2013 and over the first 

half prior to the give up deadline starting in 2013.  

Table 9. Comparison of Predicted Monthly Hake Landings Across Model 

Specifications7 

 

 

 

 

 

 

 

In the second stage, we collapse the data to annual levels to estimate the 

percentage of quota given up based on predicted hake and shrimp harvest from stage 1 

and observed price levels. This also removes endogeneity between the two outcome 

variables.  

                                                      

7 Mean values with standard deviation given in parentheses. 

 (2)  (3)  (5)  (6)  

Observed Landings 109.902 

(150.29) 

 

109.902 

(150.29) 

 

109.902 

(150.29) 

 

109.902 

(150.29) 

 

Predicted Landings 95.752 

(136.60) 

 

95.949 

(136.722) 

96.669 

(138.55) 

96.873 

(138.69) 

Duan’s Transformation 204.267 

(291.41) 

 

204.850 

(291.90) 

195.683 

(280.47) 

195.964 

(280.55) 

Poisson 109.795 

(130.75) 

110.122 

(130.31) 

109.744 

(131.38) 

110.122 

(120.90) 
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Per recommendations of Argentine researchers, all price data is converted into 

Argentine Producer Price Index (PPI) adjusted pesos to account for the fact that 

companies pay all of their production costs in pesos. While export prices for shrimp and 

hake are relatively stable over time, the relative value of the peso to the dollar is a major 

factor in company profits. When the peso devalues, domestic costs, in pesos, become 

lower relative to export earnings, in dollars. National fuel prices are the average across 

all coastal cities and converted to PPI adjusted pesos. We test the models with both the 

annual average price and the average price for the first six months.  

The outcome variable in the second stage regression is the percent of quota given 

up by any vessel in a given year. Calculating the give up decision as a percentage of total 

quota scales the variable across relative quota holdings. The outcome variable is 

therefore constrained between 0 and 1, which calls for a fractional logit approach. 

Additionally, vessels were unable to give up quota before 2013. Hence, the sample is 

restricted to annual vessel observations from 2013 to 2016. As a result, 194 vessels, of the 

original 414 from the first stage, comprise the second stage sample. This makes sense 

because we would expect a smaller number of vessels post-ITQ implementation, and an 

even smaller number that is observed giving up some percentage of quota each year. 

The total number of observations, 720, gives an average of 3.7 observations per vessel, 

which is consistent with a maximum expected four observations per vessel, one per 

year.  
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We adjust the independent variables, harvest and export prices, by dividing 

them by 1,000, such that all numbers are on a similar scale. We test the fractional logit 

(FL), both the Stata fractional response model and the generalized linear model, and 

OLS regression models (Table 10). Table 11 gives the elasticities of the coefficients at 

means for comparison across models and Table 12 gives the summary statistics of 

primary variables.  

To interpret the results, I exponentiate the coefficients on the fractional logit 

results to give the relative proportion ratios. These values can be interpreted as the 

percentage change in quota given up for a unit change in the explanatory variable when 

all other values take the average. For example, a one-thousand ton increase in annual 

harvest leads a vessel to give up 99.5 percent less quota, relative to a baseline, whereas a 

similar increase in shrimp harvest leads a vessel to give up 26% more. For each 

additional vessel that a firm owns, it will give up 6% less quota. Finally, a price increase 

in hake will lead vessels to give up 22% less quota, but a price increase in shrimp will 

lead vessels to give up 7.8% more quota.  

On the other hand, the elasticities of the coefficients at means give the percentage 

change in the amount of quota given up for a 1% change in the explanatory variable 

(Table 11). For example, a 1% increase in expected hake landings will reduce the 

percentage of quota given up by 7.3%. Similarly, a 1% increase in the number of vessels 

that a firm owns will decrease the percentage of quota given up by 1.17%. In terms of 
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macroeconomic factors, a 1% increase in the PPI-adjusted export price of hake, in 

Argentine pesos, will reduce the percentage of quota given up by 20.42%, whereas a 

similar increase in the export price of shrimp will increase the percentage of quota given 

up by 15.6% (Table 11).   

While the coefficients on hake and shrimp prices are the expected signs across all 

specifications, they are only weakly significant when calculated as the mean value for 

the first half of the year, as opposed to the entire year. This aligns with our expectations 

that firms would base their mid-year quota give up decision on the market and 

ecological conditions observed to date. In years with a relatively higher hake price, firms 

give up less quota. On the other hand, in years with higher shrimp prices, firms give up 

more quota. During interviews, quota holders often stated that they gave up quota to 

target more profitable species, such as shrimp. Our results confirm this behavior.  

Quota holders also stated that fuel and labor are their most important costs. 

While we do not have salary data, our results demonstrate that there is a positive and 

significant relationship between percent of quota given up and fuel price. As fuel prices 

increase, firms give up a greater percentage of quota.  

As expected, the total expected harvest is significant and negative across the 

model specifications. During years of relatively higher harvest levels, firms give up less 

quota. The number of vessels owned by the firm is also negative and significant, 

suggesting that firms with more vessels have a higher likelihood of fulfilling quota. One 
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firm, operating a diverse fleet, shared that firms may “subsidize” a vessel targeting 

solely hake with the earnings from vessels targeting other, higher priced species. These 

results provide evidence that the policy induces firms to adjust their dynamic behaviors.  

Table 10. Second Stage Regression Analysis.8  

 (1) (2) (3) (4) (5) 

 OLS OLS ROB GLM FL GLM FL 

ROB 

FRAC LOGIT 

      

Annual Expected Hake Landings -0.120*** -0.120*** 0.005*** 0.005*** 0.005*** 

(1000s of tons) (0.019) (0.016) (0.005) (0.005) (0.005) 

      

Annual Expected Shrimp Landings 0.153* 0.153 1.258 1.258 1.258 

(1000s of tons) (0.061) (0.083) (0.665) (0.582) (0.582) 

      

# Vessels -0.003 -0.003 0.936* 0.936** 0.936** 

 (0.003) (0.003) (0.028) (0.023) (0.023) 

      

Hake Price (PPI pesos per kg) -0.012 -0.012 0.777* 0.777** 0.777** 

 (0.010) (0.010) (0.085) (0.072) (0.072) 

      

Shrimp Price (PPI pesos per kg) 0.003 0.003 1.078* 1.078** 1.078** 

 (0.003) (0.003) (0.036) (0.030) (0.030) 

      

Fuel Price (PPI pesos per liter)  0.023*** 0.023** 1.062 1.062 1.062 

 (0.007) (0.007) (0.082) (0.071) (0.071) 

N 720 720 720 720 720 

Number of vessels 194 194 194 194 194 

Log-Likelihood   -207.527 -207.527 -225.604 

chi2   176.561 257.141 257.141 

R2 0.234 0.234    

Adj. R2 0.227 0.227    

Root MSE 0.281 0.281    

 

  

                                                      

8 Stage 2 Regression Model for Quota Given Up, using predictions from Model (5) and mean annual prices 

for first six months adjusted by PPI. Fishing effort is calculated as fishing days multiplied by fishing trips. 

GLM uses Stata GLM command to run the fractional logit, whereas FRAC REG uses the Stata FRAC REG 

command directly. Similar to a logit analysis, the coefficients for models 3-5 are exponentiated to 

demonstrate the relative proportion ratios, which give the percentage change in quota given up given a unit 

change in the explanatory variable. Standard errors in parentheses; ROB indicates robust standard errors. * 

p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 11. Elasticities at Means for Giving Up Quota 

 (1) (2) (3) (4) (5) 

 OLS OLS 

ROB 

GLM FL GLM FL 

ROB 

FRAC 

LOGIT 

Annual Expected Hake Landings -0.052*** -0.052*** -0.073*** -0.073*** -0.073*** 

(1000s of tons) (0.008) (0.007) (0.013) (0.013) (0.013) 

      

Annual Expected Shrimp Landings 0.009* 0.009 0.0004 0.0004 0.0004 

(1000s of tons) (0.004) (0.005) (0.001) (0.001) (0.001) 

      

# Vessels -0.016 -0.016 -0.012* -0.012* -0.012* 

 (0.014) (0.013) (0.006) (0.005) (0.005) 

      

Hake Price (PPI pesos per kg) -0.301 -0.301 -0.204 -0.204* -0.204* 

 (0.246) (0.251) (0.107) (0.0973) (0.097) 

      

Shrimp Price (PPI pesos per kg) 0.186 0.186 0.156 0.156* 0.156* 

 (0.194) (0.197) (0.083) (0.074) (0.074) 

      

Fuel Price (PPI pesos per liter)  0.300*** 0.300** 0.026 0.026 0.026 

 (0.089) (0.091) (0.032) (0.028) (0.028) 

N 720 720 720 720 720 

 

Table 12. Summary Statistics 

Variable N Mean Std. Dev.  Min Max 

Percent Quota Given Up 720 0.128 0.293 0 1 

Annual Expected Hake Landings  

(1000s of tons) 

3,827 0.276 0.528 0 5.086 

Annual Expected Shrimp Landings 

(1000s of tons) 

3,827 0.036 0.120 0 1.265 

Number of vessels owned by firm 3,827 4.367 4.118 1 17 

Hake Price (PPI pesos per kg, half-

year average) 

3,827 21.694 4.427 17.712 32.512 

Shrimp Price (PPI pesos per kg,        

half-year average 

3,827 57.074 12.874 40.389 84.832 

Fuel Price (PPI pesos per liter, half-

year average) 

3,827 11.033 2.290 6.815 14.526 
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3.9 Policy Simulations 

To further demonstrate the welfare implications of this policy, we calculate how 

the predicted percentage of quota given up changes in response to environmental 

shocks. The following scatterplots demonstrate how different stock index, 𝐷𝑡 , values 

influence the percentage quota given up across the different fleets by comparing 

predicted quota given up to the predicted harvest value under different ecological 

scenarios. As expected, vessels that harvest more tend to give up less quota, all else 

equal. While fleet type is never entered into the first or second stages as an explanatory 

variable, the predicted model results capture differing effects across fleet types. This 

most likely enters our model through the vessel fixed effects, which capture 

heterogeneity in the fleet such as vessel size and horsepower and captain skill level.  

First, Figure 18 illustrates the relationship between predicted percentage of quota 

given up and predicted half-annual harvest from the status quo scenario calculated in 

Model 5 (Table 10). The ice trawler, coastal, and rada o ria fleet (represented by warm 

colors) are smaller-scale vessels that land fresh catch onshore for processing and cannot 

sell quota to the offshore fleet. The factory and freezer processors, on the other hand, 

process and freeze harvest onboard for direct exportation once they land in port.  
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Figure 18. Relationship between Percent of Quota Given Up and Annual Harvest. The 

figures illustrate the predicted percent of quota given up on the y-axis against the 

baseline predicted annual harvest on the x-axis. The figure is truncated to 1,000 tons 

on the x-axis.  

 

The first graph displays the full range of values, whereas the second focuses on 

core observations where predicted landings are fewer than 1,000 (Figure 18). Both 

graphs demonstrate distributional differences across fleet types, where coastal and fresh 

catch trawlers, represented by warm colors, give up a greater percentage of quota than 

offshore, frozen catch trawlers across all harvest levels. These vessels only have a 

predicted give up percentage of 0% when predicted harvest is greater than 800 tons. On 

the other hand, freezer processor trawlers are less sensitive to expected catch and will 

not give up quota beyond 600 tons of expected harvest.  
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To assess the welfare effects of the policy, we next apply an exogeneous shock to 

ecological abundance in the first stage and recalculate the second stage decision to give 

up quota. Building on the first stage model, we back out the stock index variable, 𝑥𝑑, 

from the coefficient on the year-month fixed effects, such that:  

𝛿𝑑 ≅ ln(𝑥𝑑) ⇒ �̂�𝑑 ≅ exp(𝛿𝑑) 

The exogenous shock, 𝜎, is equal to the average annual variability in the stock 

across the sample:  

�̂�𝑡 =
1

12
∑�̂�𝑑
𝑑

 

𝜎 = √𝑉𝑎𝑟(�̂�𝑡) 

This provides an empirical measure of the average environmental variability. To 

implement the shock, we adjust the stock index by �̂�𝑑 ± 𝜎 and recalculate the predicted 

half-annual harvest at the vessel level for each scenario (positive and negative shock, 

respectively). We will then test how these shocks affect the distributional outcomes of 

the use-it-or-lose-it policy on the different fishing fleets in the fishery.  

In the second stage, I run a series of regressions on the status quo predicted half-

annual harvest. This generates the coefficients for the primary explanatory variables 

under the status quo. The main explanatory variables are predicted harvest (�̂�𝑖𝑡), 

number of vessels owned by the parent company, PPI-adjusted hake export price in 

pesos (𝑃ℎ), PPI-adjusted shrimp export price in pesos (𝑃𝑠), and PPI-adjusted domestic 

fuel price in pesos (𝑃𝑓). Applying the functional form for the fractional logit 
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specification, we predict the percentage of quota given up under the status quo, positive 

shock, and negative shock scenarios.     

𝐺𝑖𝑣𝑒𝑈𝑝𝑖𝑡 =
𝐸𝑥𝑝(𝛽𝑖𝑡�̂�𝑖𝑡 + 𝛽𝑖𝑡

𝑣𝑣𝑒𝑠𝑠𝑒𝑙𝑠𝑖𝑡 + 𝛽𝑖𝑡
𝑝ℎ𝑃ℎ + 𝛽𝑖𝑡

𝑝𝑠𝑃𝑠 + 𝛽𝑖𝑡
𝑓𝑃𝑓)

1 + 𝐸𝑥𝑝(𝛽𝑖𝑡�̂�𝑖𝑡 + 𝛽𝑖𝑡
𝑣𝑣𝑒𝑠𝑠𝑒𝑙𝑠𝑖𝑡 + 𝛽𝑖𝑡

𝑝ℎ𝑃ℎ + 𝛽𝑖𝑡
𝑝𝑠𝑃𝑠 + 𝛽𝑖𝑡

𝑓𝑃𝑓)
 

To predict the outcomes under the ecological shocks, we replace �̂�𝑖𝑡 with the 

predicted harvest calculated from the first stage under a positive/negative shock. In the 

simulations, we apply the coefficients calculated in models 2 and 5 (Table 10).  

The overarching distributional impacts of the policy are consistent across the 

status quo and ecological shock scenarios. During stochastically bad years, all vessels 

tend to give up more quota, but the coastal and rada o ria vessels especially so. The 

reason for running simulations with both models is that model 2 features fewer 

independent variables and lower variability in the stock index. In Model 1, a positive 

shock merely shifts the predicted curve inwards and all vessels give up relatively less 

quota (Figure 19). A negative shock, on the other hand, induces all vessels to give up 

quota, but especially the coastal and ice trawler vessels.  

Model 5 incorporates another ecological stock, shrimp, and hence features a 

larger variability in the annual stock index. This variability is sufficiently large to 

prompt all vessels to give up quota in a stochastically bad year and to never give up 

quota in a stochastically good year (Figure 20). In order to tailor these results to a more 

realistic scenario, we also apply the average monthly variability as a negative exogenous 

shock to the model 5 coefficients.  
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Across all scenarios, coastal and ice trawler vessels are disproportionately giving 

up a greater percentage of quota, relative to other fleet types. However, the negative 

shock induces the greatest percentage of quota given up, even for vessels predicted to 

land more than 400 tons of hake. Whereas under the status quo and positive shock 

scenarios, vessels typically will not give up more than 10% of their quota if they are 

predicted to land at least 400 tons of hake during the first half of the year. Under a 

positive shock, this threshold shrinks to at least 200 tons, suggesting that when hake is 

more abundant, vessels will opt to fulfill their quota rather than give it up freely.   

These results inform the next stage of analysis, where we calculate the economic 

losses induced by the use-it-or-lose-it penalty and unidirectional trading restriction. 

While we do not have data on quota prices, survey respondents gave a quota value of 

$1,500/ton for hake in 2013 and $700-1,000/ton for hake in 2017. Hence, we can calculate 

the costs to the coastal and ice trawler quota holds from the combined effects of the use-

it-or-lose-it policy and unidirectional trading restriction. To further estimate these losses, 

we define the losses and gains from the exogeneous ecological shock as the difference 

from the total tons of quota given up under the status quo scenario, multiplied by the 

upper and lower values for hake quota (USD $700-1,500 per ton). We then translate that 

value into the percentage of average revenue for the vessels in that fleet (Table 13). 

Average revenue is calculated as the annual export price, in U.S. dollars, multiplied by 



 

120 

total annual hake landings. We exclude Rada o Ria vessels from this analysis due to a 

very small number of observations post 2013.  

While coastal vessels are predicted as more likely to give up quota, offshore 

vessels tend to hold more quota in terms of raw tons. Hence, a smaller percentage of 

quota given up by an offshore vessel is a larger quantity amount than the same 

percentage given up by a coastal fleet vessel (Table 13). Consequently, we find that the 

freezer processor vessels incur similar levels of lost revenue due to given up quota as the 

coastal trawlers, which were previously shown as the category of vessels most likely to 

give up more quota than all other vessel types.  

In terms of percentage of revenue lost due to the use-it-or-lose-it policy, negative 

exogeneous shocks generate a greater percentage lost than positive shocks contribute to 

revenue gained. However, in terms of percentage of total revenue, the ice trawlers lose 

out the most, followed by coastal trawlers. While the factory and freezer processor 

vessels never lose, on average, greater than 2.52% of revenue, the ice trawler fleet can 

lose as much as 17.97% of revenue in a stochastically bad year. In terms of revenue 

gains, a positive shock generates less than 1% in revenue gains for the processor vessels, 

whereas it generates as much 1.65% in revenue gains, on average, for the ice trawler fleet 

and slightly smaller gains for the other coastal vessels (Table 13).   
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Figure 19. Policy Simulations Utilizing Model (2) Results 
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Figure 20. Policy Simulations Utilizing Model (5) Results 
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Table 13. Comparison of Quota and Revenue Given Up Across Fleet Types and 

Scenarios.9   

    % Quota Given Up 

Fleet Type N 

Baseline 

Revenue (USD) 

Baseline 

Quota (tons) 

Status 

Quo 

Positive 

Shock 

Negative 

Shock 

Factory  12 3,276,605 2,112.95 0.219 0.217 0.225 

Processor 
 

(5,019,977) (2,945.95) (0.170) (0.172) (0.163) 

Freezer  470 2,051,985 821.250 0.163 0.147 0.216 

Processor 
 

(4,861,952) (1,772.60) (0.154) (0.160) (0.148) 

Ice trawler 575 2,196,799 1,006.67 0.137 0.108 0.415 

  
(2,630,323) (847.887) (0.143) (0.152) (0.196) 

Coastal  309 275,314.30 48.973 0.305 0.277 0.388 

trawler  (1,031,838) (125.104) (0.131) (0.152) (0.147) 

 

Average Opportunity Cost of Given Up Quota  

(USD $700 - 1,500/ton) 

  Status Quo Positive Shock Negative Shock 

Factory Min 29,690.05  23,736.31  57,339.71  

Processor Max 63,621.54  50,863.52  122,870.80  
     
Freezer Min 38,641.15  32,725.51  56,793.67  

Processor Max 82,802.47  70,126.09  121,700.70  
     
Ice  Min 79,610.61  62,655.89  263,490.40  

trawler Max 170,594.20  134,262.60  564,622.30  

Coastal Min 8,475.00  7,212.01  13,469.83  

trawler Max 18,160.71  15,454.30  28,863.91  

                                                      

9 The tables calculate the mean percentage and total quota given up under the status quo predicted scenario 

and compare them to the results from the positive and negative exogeneous shocks. Standard deviation 

given in parentheses. The first table gives the average quota, in tons, held by vessels in each fleet, average 

baseline revenue (export price multiplied by landings), and the percentage (0 to 1) of quota given up under 

each scenario. This value is multiplied by quota holdings and a range of quota prices in the second table to 

calculate the opportunity cost of freely giving up quota, instead of selling it. Finally, the last table calculates 

the additional economic gain or loss from each shock, relative to the status quo, and the percentage of 

baseline revenue that this represents.  
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Economic Gains/Losses from 

Ecological Shocks 

Percentage of Baseline 

Revenue 

  Positive Shock Negative Shock 

Positive 

Shock 

Negative 

Shock 

Factory Min 5,953.74 -27,649.66 0.183% -0.844% 

Processor Max 12,758.02 -59,249.26 0.389% -1.808% 

Freezer Min 5,915.64 -18,152.52 0.288% -0.885% 

Processor Max 12,676.38 -38,898.23 0.618% -1.896% 

Ice  Min 16,954.72 -183,879.79 0.772% -8.370% 

trawler Max 36,331.60 -394,028.10 1.654% -17.937% 

Coastal Min 1,262.99 -4,994.83 0.459% -1.814% 

trawler Max 2,706.41 -10703.20 0.983% -3.888% 

 

An additional step in the welfare calculation would be to consider the stream of 

lost rents from quota permanently lost. The Argentine ITQ program started as a 15-year 

concession in 2009, so the program and all quota holdings will be re-evaluated in 2024. 

Per interviews with business owners, this year is being viewed as an “expiration” date 

for the quota, so all transactions are based on the number of remaining years in the “life” 

of the quota. Hence, quota given up in 2010 potentially has a greater opportunity cost 

than quota given up in 2016. This connects to the original theme of the chapter, in which 

uncertainty regarding future economic and environmental conditions influence present-

day firm behavior. A firm that views the future stream of benefits of quota holding to 

increase in time, either due to a decrease in costs or an increase in export prices, is 

predicted to incur short term losses to maintain that quota in the long run. 
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Unfortunately, we do not have quota price data to fully calculate these welfare losses, so 

we can only infer that firms with greater production flexibility, such as the larger scale 

offshore processors, are more able to take on this short-term risk and potentially offset 

losses, per interviews, with more valuable catch like shrimp.  

3.10 Discussion & Conclusion 

Our two-stage econometric model demonstrates that coastal and ice trawler 

vessels disproportionately give up more quota, all else equal, and that this behavior is 

exacerbated under stochastically bad ecological or economic conditions. As a result, the 

use-it-or-lose-it penalty, which is meant to incentivize productive use of allocated quota, 

undermines the broader social objectives of the ITQ program to maintain fleet 

composition, particularly of the coastal and ice trawler fleets. 

Administrative features such as the use-it-or-lose-it penalty and unidirectional 

trading restriction are designed to achieve social objectives, such as maintaining fleet 

structure and ensuring productive use of limited resources. However, these features 

may generate unintended distributional outcomes or perverse incentives to harvest 

when it may otherwise be unprofitable to do so. On the other hand, the use-it-or-lose-it 

penalty could be a second-best policy to drive productive use of the quota and 

discourage high-grading and discards of quota-regulated species. Nonetheless, 

policymakers aiming to achieve social and economic outcomes through ITQ program 
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design should introduce flexibility into such penalties to ameliorate the impact on more 

vulnerable vessels in the fishery.  

The results suggest that even well-intentioned and socially-oriented policy levers 

in rights-based management may have unintended consequences. Nonetheless, our two-

stage empirical analysis provides insight into how similar administrative design features 

may influence resource management decisions in other fisheries and other industries 

under environmental uncertainty. Future research should assess how these levers can be 

adjusted to generate the intended social outcomes while also keeping economic costs in 

check.  
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4. Can Social Quota Allocations Subsidize the 
Participation of Small-Scale Vessels in a Quota System? 
An Empirical Analysis from Argentina  

4.1 Introduction 

Property rights-based management is an increasingly adopted approach to 

common pool resource management that allocates property rights, such as water, 

emissions, and fish harvest, to individuals or businesses to enhance economic efficiency 

and incentivize resource stewardship.   

Rights-based management systems often spur industry consolidation, where 

economic efficiencies increase within a small group of efficient, low-cost producers, but 

generate trade-offs between achieving maximum economic efficiency and distributional 

equity. Within the fisheries context, individual transferable quotas (ITQs), defined as a 

portion of the total allowable catch (TAC), are allocated to fishery firms with historical 

participation in the fishery. As the least efficient vessels opt to sell their quota and exit 

the fishery, fishing capacity decreases and production efficiency increases across the 

fishery (Brandt, 2005).  

While such consolidation may increase economic gains across the fishery, the 

distribution of those benefits depends on the heterogeneity of the fishery and other 

factors. For example, Da-Rocha and Sempere (2016) find a positive redistributive effect 

of quota allocation, which acts as a lump-sum transfer to all firms and favors smaller 

firms by being proportionally larger to their initial wealth level. On the other hand, 
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small fishing vessel owners in Alaska disproportionately exited the fishery at a greater 

rate relative to other vessel owners (Carothers et al., 2010). Stewart and Walshe’s (2008) 

evaluation of New Zealand’s ITQ program find that predominantly small-scale fishers 

exited the fishery and that this exit was primarily motivated by high compliance costs 

under the quota regime.   

Concerns about the social outcomes of these policies are prompting fishery 

managers to design ITQ programs that can achieve social, economic, and ecological 

objectives (Call and Lew, 2015). A recent empirical study of global fisheries management 

outcomes finds that managers can potentially achieve these objectives together, although 

there is still a question as to what institutional configurations support these outcomes 

(Asche et al., 2018). The Tinbergen Rule states that for each policy objective, there must 

be at least one policy lever or tool to achieve first best solutions. However, multiple 

levers within a single policy framework may not always work in concert. Péreau et al. 

(2012) demonstrate that a fishery manager’s ability to achieve different objectives 

through ITQ program design depends on the relative homogeneity of fishery 

participants. Furthermore, achieving social objectives may induce stricter conservation 

objectives since a larger fishery stock is needed to support greater participation levels in 

the fishery.    

Empirical analysis of rights-based management program design can shed light 

on this efficiency-equity debate by evaluating social and economic outcomes of different 
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policy configurations (Birkenbach et al., 2017; Böhringer et al., 2014; Brandt, 2005; 

Brinson and Thunberg, 2016; Doering et al., 2016; Kroetz et al., 2015). These studies 

assess the outcomes of the program design through both descriptive and reduced-form 

analyses. This chapter contributes to this growing literature by evaluating how 

additional quota allocations influence the participation, and exit rate, of small-scale 

fishing vessels in a quota-regulated fishery. The survival analysis demonstrates that 

additional quota allocation is not sufficient to incentivize long-term participation in the 

fishery, especially in the face of broader economic and ecological conditions that drive 

exit. Specifically, I find that whitefish export prices depressed by globalization, changing 

ecological conditions that encourage a shift in fishing effort to the shrimp fishery, and 

rising operational costs are all significant drivers of vessel exit rate in the Argentine hake 

fishery.  

These studies underlie the importance of understanding firm-level changes due 

to rights-based management. Brandt (2005) further investigates how fishery industry 

composition changes post-ITQ implementation in the U.S. Mid-Atlantic clam fishery, 

finding that firm behavior is essential to understanding distributional impacts of ITQ 

programs. The types of firms that exit, such as independent or vertically integrated, are 

not significantly different from each other, questioning the general claim that smaller 

firms are unfairly disadvantaged by the ITQ system. 
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Nonetheless, few empirical studies evaluate determinants of why vessels exit 

from a fishery following the implementation of an ITQ program. While critics of rights-

based management may focus on the absolute number of individuals or vessels that 

leave a fishery following quota management, my study focuses on the rate at which 

small-scale vessels exit a fishery following quota implementation, which factors 

contribute to this exit decision. For policymakers designing permit programs with social 

goals in mind, this measurement is especially useful for understanding if certain design 

aspects either hasten, or slow, the exit of smaller vessels from the fishery than would 

have occurred otherwise.  

Duration analysis allows researchers to calculate a hazard rate, in this case the 

risk of exiting the fishery after a specified amount of time in that fishery, for a fishing 

fleet and estimate the relative impact of exogenous variables on that rate. Most 

commonly, duration analysis appears in economic studies on unemployment spells and 

health studies on patient survival rates (Kiefer, 1988). There is also a growing literature 

that applies duration models to firms and fishing vessels facing different environmental 

regulations (Smith, 2004; Snyder et al., 2003). However, within the fishery context, these 

studies predominantly focus on fishery exit under a limited-entry management scheme 

(Cordón Lagares et al., 2016; Smith, 2004) or in the presence of subsidies that may 

incentivize exit (Cordón Lagares and García Ordaz, 2015).  
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My study contributes to this literature by evaluating survival rates of vessels 

post-ITQ implementation and estimating the impact of socially oriented policy levers in 

an ITQ program, such as additional quota allocation, on these survival rates. I 

hypothesize that additional quota allocation, which cannot be sold but will be retracted 

if not used, will slow the rate of exit for smaller vessels by subsidizing their fishery 

participation. To my knowledge, this is the first time such a statistical method is applied 

to fishing vessels following ITQ implementation and used to evaluate whether a specific 

aspect of ITQ design influences individual vessel survival rates.  

4.2 Materials and Methods 

4.2.1 Empirical Context: Argentina’s Fishery ITQ Program 

In 2010, Argentine government authorities, in cooperation with representatives 

from the fishing industry, designed and implemented an ITQ program in four 

commercially important fisheries. The program was designed to mitigate adverse social 

and economic outcomes through its implementation of a social quota reserve and a 

unidirectional trading restriction, where coastal vessels cannot sell or trade quota to 

industrial freezer-processor vessels. 

Argentine policymakers developed the social quota reserve to address the 

idiosyncrasies of the Argentine fishing fleet, particularly the socio-economic importance 

of coastal fishing fleets to coastal communities. The goal of the reserve is to allow each 

provincial authority to allocate additional quota for vessels that fulfill social objectives, 
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such as landing their catch in provincial ports for onshore processing. Given the 

diversity of fishing fleet targeting Argentine hake, a white fish which can be either 

stored on ice at sea and processed in onshore processing plants or processed and frozen 

at sea, the social quota reserve is only allocated for hake harvest.  

Figure 21 illustrates the shift in fishery participation over time across the 

different fishing fleets. The number of vessels post-2010 is calculated for those holding 

hake quota. As expected, these numbers decline across all vessel types. However, post-

ITQ, the number of vessels, especially those categorized as coastal trawler or Rada o Ria, 

appears to stabilize. This is of particular interest to the present study, because these 

descriptive results suggest that the numbers of small vessels (the coastal and Rada o Ria 

trawlers) participating in the hake fishery over time are relatively constant. While the 

coastal trawler fleet demonstrates a sharp decline in the number of fishing boats right 

around the ITQ implementation in 2010, the numbers have remained relatively stable 

afterwards. Meanwhile, the ice trawler fleet appears to be declining over time.  
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Figure 21. Total Number of Vessels Participating in the Hake Fishery, by Fleet 

Type  

While the number of vessels significantly drops after ITQ implementation and 

then stays relatively stable, the share of total hake harvest is shifting from the coastal 

and ice trawler fleet to the freezer trawler fleet (Figure 22). This occurs alongside the 

downward trend in number of ice trawler vessels, the only fleet to exhibit such a decline 

post-ITQ implementation. While there appear to be some increases in coastal trawler 

landings, particularly in 2014, this is not a sustained trend. These descriptive results 

could suggest that while the number of vessels remain constant, the share of landings is 

actually consolidating into the more efficient, offshore processing fleet.  
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Figure 22. Hake Landings by Fleet (% of Total) 

There are two potential explanations. First, the unidirectional trading restriction 

between these vessels and industrialized, offshore processing vessels prevents coastal 

vessels from receiving a payout to exit the fishery. Hence, vessels may sell the quota 

they do not use (or lose it due to insufficient use, as explained in Chapter 2) but still 

maintain some level of activity in the fishery.  

Second, social quota allocations may act as a subsidy to incentivize these vessels 

to continue to participate in the fishery longer than they may have otherwise. Figure 23 

demonstrates that ice and coastal trawler vessels are the predominant recipients of social 

quota, and that this amount is not insignificant. Freezer processor vessels receive social 
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quota too, but this is predominantly in the southern provinces where they may be 

landing some catch for onshore processing, per interviews with these operators. 

Furthermore, total social quota allocations differ by province. The present study will 

apply a duration analysis to determine whether vessels that receive social quota tend to 

stay active in the fishery longer than similar vessels that do not receive social quota. The 

study will exploit exogeneous variation in provincial social quota reserves, and hence 

the probability of receiving quota from a home province, through a two-stage, reduced 

form analysis to isolate the causal effect of this quota allocation on the vessel’s expected 

duration in the fishery.  

In particular, many of these coastal vessels are historically tied to specific 

provinces due to pre-existing contracts with onshore processing plants or ownership by 

vertically-integrated firms with processing plants. Hence, a vessel cannot quickly nor 

easily change the province within which its primary home port and landing ports are 

located in response to the promise of social quota. Likewise, provincial authorities are 

most likely to assign quota to those vessels with observed, historic landings in their 

province. As a result, the exogeneous variation in social quota availability across 

provinces serves as a natural experiment to evaluate how such allocations influences a 

fishing vessel’s fishery participation and whether it chooses to exit the fishery.  
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Figure 23. Social Quota Allocation by Fleet Type and Province. Source: Annual 

ITQ reports. 

In this chapter, I conduct an event study to calculate outcomes of social quota 

allocations in an Argentine ITQ-regulated fishery. Event studies can be used to evaluate 

policy outcomes through behavioral changes following a policy announcement or 

implementation on a specific date. Whereas regression discontinuity design studies 

leverage a discontinuity along a state variable to evaluate outcomes, event and 

regression discontinuity in time studies utilize a specific time (Hausman and Rapson 

2018). Event studies further differ from regression discontinuity design by focusing on 

short time windows around the policy event and utilizing panel data (Hausman and 
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Rapson 2018). Both types of studies are increasingly implemented in policy evaluation as 

a reduced-form analyses to evaluate the impact of regulation on pollution levels and 

other environmental outcomes (Hausman and Rapson, 2018; Timmins and Schlenker, 

2011). In this case, I exploit the variation in provincial social quota allocations to evaluate 

whether, and to what extent, additional quota extends the survival rate of a vessel in the 

ITQ-regulated fishery. The key challenge to implementing this approach is to what 

extent firm anticipation of the policy announcement, in this case the annual amount of 

social quota they are allocated, may bias results. Furthermore, the time-scale of my data 

is on the annual level, rather than the monthly level, because I do not observe exactly 

which month a vessel decides to exit the fishery. Nonetheless, the large sample size 

across time and individual vessels should be sufficient to evaluate the impact of quota 

allocation of vessel survival rates.   

In Argentina, the ITQ program was implemented relatively recently (2010) and 

we use panel data to analyze the effects of annual social quota allocation on vessel 

survival rates each year between 2010 and 2016. Empirical analysis of this program may 

provide insights to understanding how allocation influence distributional and efficiency 

outcomes in other rights-based management systems, particularly in developing 

countries with presumed weak institutions.  

As more middle-income and developing countries begin to implement RBM 

regimes to manage natural resources and environmental quality, it is important to 
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understand to what extent program design can achieve different objectives. To date, 

Chile and Peru are the other two, similarly economically developed Latin American 

countries that have implemented ITQs (Tveteras et al., 2011). Hence, understanding how 

modifications to ITQ programs influence social and economic outcomes in fisheries with 

diverse fishing fleets is an important policy question to explore through rigorous 

empirical analysis.  

4.2.2 Data 

The empirical analysis relies on an annual panel dataset of fishing vessels that 

land hake over the period of 2007 to 2016, which includes observations both before and 

after the 2010 implementation of the ITQ program. The Undersecretary of Fisheries and 

Aquaculture provided a monthly dataset of hake and shrimp landings, fishing days, and 

fishing trips for all vessels participating in the hake ITQ program, as well as the 

dominant port for annual harvests. The Federal Fisheries Council further provided 

annual ITQ program reports, which include vessel-level data on annual landings, quota 

holdings and trades, and social quota allocations by province. Publicly available datasets 

and information on vessel characteristics, such as length, capacity, and horsepower, 

provide micro-level details on fishery participants. Finally, annual fishery reports 

provide data on the hake TAC and export prices.  
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These datasets were merged at the vessel-year level to create a comprehensive 

annual dataset on vessel participation in the hake fishery and external market and 

ecological conditions.  

4.2.3 Empirical Model 

In order to evaluate the impact of social quota allocations on the survival rate of 

vessels in a fishery, I implement a two-stage, reduced form model. The first stage runs a 

linear regression of a set of explanatory variables on social quota allocation to predict the 

latent tendency for social quota allocation. Surveys with vessel owners suggest mixed 

certainty about receiving requested social quota allocation. Surveys with policymakers 

suggest that smaller vessels that land fresh catch for onshore processing are more likely 

to receive social quota. Receiving social quota allocation is a multi-step process. First 

vessel owners request social quota from the provincial authority. Next, provincial 

authorities decide how much to allocate each vessel based on a number of internal 

factors. The Federal Fisheries Council must approve all social quota allocations. Finally, 

vessels can choose to accept all of the social quota allocation or some smaller amount. 

There are two types social quota recipients. One group receives social quota in addition 

to their current quota holdings. The second group often receives social quota to 

incentivize landing fresh catch for processing in a given province’s port but does not 

currently hold any hake quota.  
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The first stage is an OLS linear regression that will predict the expected social 

quota allocation a vessel would receive given its set of characteristics. Vessel length and 

capacity are the main vessel-specific, fixed explanatory variables. Each vessel also has a 

relatively fixed annual home port, which are grouped into the four coastal provinces. I 

expect the probability of receiving social quota from each to differ based on the 

predetermined social quota reserve sizes for each province. Finally, policymakers can 

only observe the previous years’ harvest when deciding whether or not to allocate social 

quota, hence I test a set of single year lagged variables, including total annual effort, 

cumulative lifetime landings, hake landings, and hake and shrimp landings, as 

determinants for social quota allocation in the present year.  

Hence, the first stage model is a function of social quota allocation Q for vessel i 

at time t as a function of fixed vessel characteristics, 𝒙𝒊, single-period lagged, a time-

lagged variable for fishing harvest, ℎ𝑖𝑡−1, and an unobserved error  휀𝑖𝑡 .  

𝑄𝑖𝑡 = 𝜷𝐱𝐢 + 𝛾ℎ𝑖𝑡−1 + 휀𝑖𝑡  

We cannot assume that 𝔼[휀𝑖𝑡|𝑄𝑖𝑡 , 𝑠𝑖] = 0. I implement the two-stage approach to 

address potential endogeneity between quota allocation and fishery participation by 

using predicted social quota allocation in the second stage as a determinant of a given 

vessel’s survival rate in the fishery. With a sufficiently large sample across ten years of 

data, I can consistently estimate each stage of the analysis. The second stage is a duration 

analysis of each vessel’s participation in the fishery. I compare these results to the 



 

141 

observed social quota allocation, in the case that such allocation is not entirely 

endogenous to fishery participation.  

4.2.4 Survival Analysis 

Survival, or duration, analysis is a statistical method that studies the occurrence 

and timing of events. Specifically, it calculates the conditional probability of an event 

occurring at a specific time, such as a fisher exiting a fishery given the number of 

seasons they have participated in that fishery. This is useful in the fisheries context 

because it lends insight into the types of factors that influence participation in, and exit 

from, the fishery, such as economic and ecological conditions or policy interventions, 

and can predict future fishery effort and participation.  

The first step of a basic duration analysis is to calculate the hazard function, 

based on the length of a spell, T. In this case T is the length of time that a fisher 

participates in the quota-regulated fishery. Duration analysis is particularly suited to 

handling censored data. In this case, I only observe fishers within the timeframe of the 

dataset and do not observe whether those fishers exit the fishery after the cutoff 

observation period, so the data is right censored. Therefore, the start date is the first year 

that the fisher is observed in the dataset. The timescale is annual, since each fisher must 

hold quota on an annual level to participate in the fishery. Fishery exit is defined as the 

last year the fisher is observed in the dataset, keeping in mind that some fishers may 

continue to participate in the fishery beyond the end of the study period. The exit 
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dummy is 1 if they exit and 0 otherwise. As a result, vessel that survive up to the final 

time period, 2016, are right-censored observations and take a value of zero, since I 

cannot observe whether or not they exit the fishery within the dataset.  

Building on Kiefer (1988) and Smith (2004), I construct the hazard function first 

by defining the cumulative density function for the random variable T as: 

𝐹(𝑡) = ∫ 𝑓(𝑠)𝑑𝑠
𝑡

0

= Pr(𝑇 < 𝑡) 

Where f(s) is the underlying probability density function and F(t) is the 

probability of the spell T being less than some value t. In this case, I am more interested 

in the probability that the spell is at least length t, which is defined as the survival 

function S(t):  

𝑆(𝑡) = 1 − 𝐹(𝑡) = Pr(𝑇 ≥ 𝑡) 

Combining both equations, the hazard rate, ℎ(𝑡), is defined as the rate at which 

spells will end at duration t, conditional on surviving to time t:  

ℎ(𝑡) =
𝑓(𝑡)

𝑆(𝑡)
 

The greater the hazard rate, the greater the rate of attrition, or the faster fishers 

exit the fishery. In a heterogenous fishery, the hazard rate can vary across individuals. 

The proportional hazard function allows for estimation and interpretation of 

explanatory variables that vary across individuals and over time. In this case, the 

coefficient is interpreted as the proportional effect of the explanatory variable on the 

conditional probability of the spell ending (Kiefer, 1988).  
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Let i index individual vessels, 𝒛𝒊 be a vector of exogenous variables, and 𝜻 be the 

vector of coefficients. This gives the following baseline proportional hazard function:  

ℎ(𝑡𝑖) = ℎ0(𝑡)exp(𝒛𝒊𝜻) 

This general model can be semi-parametric or parametric. The Cox proportional 

hazard model leaves ℎ0(𝑡) unspecified, whereas the exponential and Weibull model 

specifications take a parametric form. The exponential model is suitable for a model 

with a constant hazard rate, whereas the Weibull hazard function allows for flexibility in 

specifying the hazard rate as either increasing or decreasing exponentially with time. 

The Weibull hazard and survival functions are, respectively:   

ℎ𝑊(𝑡) = 𝑝𝜆𝑖𝑡
𝑝−1 

SW(t) = exp(−𝜆𝑖𝑡𝑖
𝑝) 

Where 

𝜆𝑖 = exp(𝒛𝒊𝜻) 

The Weibull model introduces the parameter p. When p<1, the hazard function is 

monotonically decreasing, whereas it is monotonically increasing when the opposite 

holds true. If p=1, then this is the exponential distribution. In the first case, the 

probability of exiting the fishery is decreasing over time. For example, we would expect 

this outcome when there is consolidation of fishing effort amongst the most efficient or 

productive fishing vessels. When p=1, the hazard rate is constant and equivalent to the 

exponential specification 
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The parameters 휁 and p are estimated via maximum likelihood, with the log-

likelihood function:  

𝜎 =
1

𝑝
 

𝑤𝑖 = 𝑝 ln(𝜆𝑖𝑡𝑖) =
ln(𝑡𝑖) − 휁′𝑧𝑖

𝜎
 

log 𝐿 =∑𝛿𝑖(𝑤𝑖 − 𝑙𝑛𝜎) − 𝑒𝑤𝑖

𝑖

 

Where 𝛿𝑖 is an indicator variable that takes the value of 1 if an individual exits 

the fishery and the value 0 otherwise (right-censored).  

However, it may also be important to include time-variant covariates that could 

influence an individual’s duration in the fishery. In particular, annual fluctuations in 

costs, such as fuel, prices, and fishery stock status could influence whether or not a 

fishing vessel continues to participate in a fishery. These fluctuations, and survival, are 

often only observed in the dataset at specific intervals, such as the end of each year. 

Furthermore, I only observe whether or not each individual fishing vessel participated 

in the fishery during a given year, and I do not observe the exact date of exit. As a result, 

a discrete survival time data analysis is required.  

The first step is to reconfigure the hazard function to include both time-invariant 

individual covariates and time-variant ecological and economic conditions. The most 

common model for a discrete time representation of the continuous time proportional 

hazards model is the complementary log-log specification, because it assumes the same 
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underlying proportional hazards function as the continuous time Weibull function. 

Adopting the approaches described by Allison (1982), Jenkins (1995), and, most recently, 

Jenkins (2005), I can specify the hazard rate as the complementary log-log (cloglog) 

specification, but it is now a function of a time interval j rather than continuous time t.  

Deriving the discrete time interval baseline hazard for a given time interval leads 

to a complementary log-log (cloglog) transformation of the proportional hazards model. 

In this case, the model estimates the 휁 vector of regression coefficients as before, this 

time for both time variant and invariant covariates, and the parameter 𝛾𝑗, which is the 

log difference between the integrated baseline hazard evaluated at the end and at the 

start of the time interval (Jenkins, 2005). The rewritten discrete time hazard function is:  

ℎ(𝑖, 𝑗) = 1 − exp[−exp(𝛇′𝒛𝒊𝒋 + 𝛾𝑗)] 

The functional form I choose for the duration dependence is log time, 𝑟 log(𝑗), 

which is the discrete-time analog to the continuous time Weibull model. In this case, r is 

a parameter to be estimated by the cloglog or logistic hazard model. Similar to the 

parameter p in the continuous time model, if r>0, then hazard monotonically increases 

over time. The opposite holds if r<0. This gives the following model specification:  

𝑐 log log[𝑦(𝑗, 𝒛)] = 𝑟 log(𝑗) + 𝛇′𝒛𝒊𝒋 

One common data modeling challenge in survival analysis is that the data is 

right-censored, in that some individuals are never observed to exit within the timeframe 

of the dataset. In this case, the dataset ends in 2016 but fishery participation extends 
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beyond that end date to present time. To account for this censoring, I define a binary 

indicator variable 𝑦𝑖𝑗 = 1 if an individual vessel i exits the fishery in year j, and 𝑦𝑖𝑗 = 0 

otherwise. The result is that I can run a binary regression model where 𝑦𝑖𝑗 is the 

dependent variable and the data is organized in a panel data format with individual 

vessel-year observations.10 Each discrete individual-time unit is treated as a separate 

observation. While assuming independence across observations for each individual’s 

history may appear problematic, Allison (1982), among others, demonstrate that this is 

an incidental convenience resulting from the derivation of the maximum likelihood 

estimator and that the estimated standard errors will be consistent, particularly when 

time units are large relative to the total period of observation. In this case, I am applying 

this model to an annual dataset that covers ten years of observations for approximately 

400 individuals. As such, the effective sample size stays relatively small relative to the 

original sample and I can consistently estimate the proportional hazards model for the 

discrete-time dataset.  

To calculate a discrete time proportional hazards model with right-censored 

data, I will run a cloglog model specification with the exit indicator variable 𝑦𝑖𝑗 as the 

                                                      

10 Although the data is formatted as a long-form panel dataset, with multiple records for each individual 

record across a ten-year horizon, I cannot calculate fixed effects for this dataset since fishery exit only occurs 

once, if at all, for each individual. Such panel data analysis approaches are only appropriate for datasets 

where there are repeated spells for the same individual. 
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dependent variable on a suite of time variant and invariant coefficients and the duration 

dependence variable 𝑟 log(𝑗). 

An individual’s duration in the fishery may vary due to unobservable 

characteristics, such as captain skill. In order to proxy for these individual 

characteristics, I will use the time-invariant categorical variable of vessel type, which 

influences the production method and efficiency of the vessel.  

For time-varying covariates, I use the annual average stock index, calculated in 

Chapter 2 using year-month fixed effects, as a proxy for fishery stock status and average 

annual export prices, which are a proxy for local revenues generated by the harvest. 

Table 14 lists out the summary statistics for explanatory variables by fleet type.  
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Table 14. Summary Statistics of Explanatory Variables, by Fleet Type 

Fleetwide Variables, N=3,792 

Variable Mean Std. Dev.  Min Max 

Hake Stock Index 827.6 238.0 574.8 1,424.6 

Hake Price/Ton (PPI adjusted ARS) 21,839.8 4,484.5 18,047.7 33,449.5 

Shrimp Price/Ton (PPI adjusted ARS) 59,235.0 12,986.1 42,396.8 90,568.9 

Fuel Price/Liter (PPI adjusted ARS) 11.3 2.2 7 14.6 

 

Freezer Trawler Fleet 

Variable N Mean Std. Dev.  Min Max 

Total quota (tons) 845 794.3 1,684.3 0 7,598 

Social quota Chubut (tons) 1,070 5.2 67.6 0 1,200.0 

Social quota Santa Cruz (tons) 1,070 1.4 35.8 0 1,100.0 

Length (m.) 1,236 45.9 16.1 23.5 102.2 

Capacity (m3) 1,215 625.4 654.2 110 3,482.0 

Total Annual Hake Landings (tons) 1,239 541.1 1,525.2 0 9,765 

# Active Fishing Vessels 1,239 58.7 36.9 28 114 

Average Annual Fish Days 1,239 83 51.2 0 190.14 

Average Annual Fish Trips 1,239 3.7 2.7 0 18 

 

Ice Trawler Fleet 

Variable N Mean Std. Dev.  Min Max 

Total quota (tons) 1,010 993.1 819.7 0 4,975.5 

Social quota Chubut (tons) 1,439 15.4 135.2 0 2,050.0 

Social quota Santa Cruz (tons) 1,439 10.4 96.8 0 1,600.0 

Social quota Rio Negro (tons) 1,439 1.2   20.3           0 500.0 

Social quota Buenos Aires (tons) 1,439 4.5 28.9 0 456.8 

Length (m.) 1,447 34.9 11.2 16.2 68.3 

Capacity (m3) 1,423 267.9 159 27.1 1,204.0 

Total Annual Hake Landings (tons) 1,447 687.1     929.1 0 5,170.1 

# Active Fishing Vessels 1,447 121.5 13.7 96 138 

Total Fish Days 1,447 71.8 44.0 0 169.8 

Total Fish Trips 1,447 7.3 6.1 0 86.5 
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Coastal Trawler Fleet 

Variable N Mean Std. Dev.  Min Max 

Total quota (tons) 541 56.4 121.1 0 1,250.2 

Social quota Chubut (tons) 721 67.97 321.5 0 3,360 

Social quota Santa Cruz (tons) 721 1.97 25.9 0 425 

Social quota Rio Negro (tons) 721 0.96 1,460 0 300 

Social quota Buenos Aires (tons) 721 0.08 2.2 0 59.45 

Length (m.) 768 19.17 3.2 11.9 26 

Capacity (m3) 744 67.0 41.3 8 215 

Total Annual Hake Landings (tons) 768 82.5 343.1 0 4,072.5 

# Active Fishing Vessels 768 27.7 14.7 15 53 

Total Fish Days 768 12.7 21.5        0      104.8 

Total Fish Trips 768 7.5     16.3              0 104.8 

 

Rada o Ria Trawler Fleet 

Variable N Mean Std. Dev.  Min Max 

Total quota (tons) 156 5.5 25.4 0 186.8 

Social quota Chubut (tons) 186 0.59 5.71 0 60 

Social quota Santa Cruz (tons) 186 2.45 22.83 0 300 

Length (m.) 240 15.0 2.3 9.6 21 

Capacity (m3) 218 22.3 14.3 9 68 

Total Annual Hake Landings (tons) 240 13.1 47.5 0 613.1 

# Active Fishing Vessels 240 8.7 10.7 0 25 

Total Fish Days 240 29.4 31.9 0 106.3 

Total Fish Trips 240 29.0 32.0 0 106.3 

 

4.3 Results and Discussion 

4.3.1 First Stage Regression Analysis 

The first stage OLS linear regression estimates determinants for receiving social 

quota (Table 15). I test multiple independent explanatory variables related to harvest 

and effort. All of these are lagged by the previous year, since policymakers cannot 

observe the entire present year’s effort when making the allocation decision. Specifically, 

I test the single year lag of effort, as a function of fishing days multiplied by fishing trips, 



 

150 

hake harvest, cumulative lifetime hake harvest, and hake and shrimp harvest. Across all 

model specifications, these explanatory variables are positive and significant predictors 

of social quota allocation, suggesting that policymakers pay attention to previous year 

fishery participation when deciding how to allocate social quota. However, holding all 

else equal, the best fit model utilizes previous year hake harvest as the explanatory 

variable, according to the log-likelihood and adjusted R-squared test parameters. 

Table 15 compares outcomes across three different explanatory variables for hake 

fishery participation, in addition to vessel-specific characteristics. Since I am interested 

in estimating how survival rates differ across vessel types in the second stage, I leave 

explicit vessel type out of this equation and instead include proxies such as vessel length 

and capacity. I also include the port where at least 40% of annual landings were hake. 

As expected, the amount of social quota can also be determined by the province 

vessels choose to land the majority of their hake catch in, and this amount varies across 

provinces. The Chubut province has the largest social quota reserve and also one of the 

largest, and statistically significant, coefficient values relative to the other provinces. 

This reinforces my assumption that the probability of receiving social quota varies 

exogenously by province, due to varying sizes of social quota that each province 

authority holds.  
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Table 15. Stage 1: Determinants for Receiving Social Quota.11  

 (1) (2) (3) 

Hake Landing (Lagged) 0.043***   

 (0.013)   

    

Hake Effort (Lagged)  0.025*  

  (0.011)  

    

Hake Cumulative Landing (Lagged)   0.008*** 

   (0.002) 

    

Buenos Aires (40% landings) 61.726* 46.570 57.283* 

 (25.133) (24.377) (24.351) 

    

Chubut (40% landings) 397.259*** 366.811*** 392.790*** 

 (52.900) (47.316) (52.270) 

    

Rio Negro (40% landings) 83.952* 52.439 86.346* 

 (37.878) (40.136) (36.289) 

    

Santa Cruz (40% landings) 154.198*** 96.017** 147.396*** 

 (25.880) (30.493) (25.061) 

    

Tierra del Fuego (40% landings) 139.278* 136.154* 150.246** 

 (54.697) (52.981) (46.628) 

    

Vessel Length -1.618 -1.443 -1.167 

 (0.914) (0.939) (0.838) 

    

Vessel Capacity -0.110** -0.123** -0.093** 

 (0.034) (0.041) (0.030) 

    

N 1159 1159 1159 

R2 0.250 0.248 0.242 

adj. R2 0.245 0.243 0.237 

ll -8205.592 -8207.313 -8211.763 

                                                      

11 The table compares model for linear OLS regressions. Robust standard errors reported in parenthesis for 

all model specifications; * p < 0.05, ** p < 0.01, *** p < 0.001 
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The results also suggest that policymakers attempt to allocate quota based on 

vessel type or size. The coefficients on vessel length and capacity are negative, and 

significant for vessel capacity, suggesting that larger vessels, which tend to be the 

offshore freezer-processor trawlers, receive less quota relative to smaller vessels, which 

tend to be coastal fresh catch trawlers.  

Overall, the results demonstrate that vessel-specific characteristics, and the 

province of their primary hake landing port, are significant predictors of social quota 

allocation. I use these first stage results to predict a latent tendency for receiving social 

quota for each vessel based on individual characteristics. In the second stage, social 

quota allocation becomes a predictor for survival rate in the fishery. I compare outcomes 

in the second stage using the observed social quota allocation to the predicted social 

quota allocation. Given that the linear regression model is only predicting 

approximately 25% of the variation in social quota allocation, predicted social quota may 

be a weak instrument.  If these results are not significantly different, then I can reject the 

assumption that social quota allocation is endogenous to fishery participation outcomes.   

4.3.2 Second Stage: Survival Analysis 

The second stage implements survival analysis techniques to estimate the 

influence of social quota allocation, time invariant vessel characteristics, and time 

variant macroeconomic factors on each individual vessel’s survival rate in the hake 

fishery from 2010-2016, the period during which ITQs were implemented. The timestep 
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is an annual timescale, even though vessels may exit the fishery during the season and 

prices and costs are expected to fluctuate within the season. Hence, the discrete time 

survival analysis approach is more appropriate for this application than the continuous 

time survival analysis.  

The regression analysis requires that all covariates are strictly exogeneous. 

Despite the initial assumption that social quota allocation is endogenous, the coefficient 

estimates are not significantly different between the observed and predicted social quota 

allocations. Hence, I present a set of results with the observed social quota allocation. 

The suite of explanatory covariates includes individual-specific time invariant 

characteristics, specifically vessel type, and time-variant predictors such as annual 

expected social quota, annual average stock index, and annual average prices, converted 

to Argentine pesos and adjusted by the Producer Price Index, for fuel and for hake and 

shrimp exports. The annual average stock index is calculated using the latent variable 

model described in Chapter 2, where the stock index is proxied by the year-month fixed 

effects. The average monthly value for each year is then taken as the fixed year value.  

Table 16 presents the estimation results for the suite of discrete time hazard 

models. Recall from the earlier discussion that the continuous time hazard model 

utilizes the start and end dates to calculate duration for each individual vessel and, 

consequently, its hazard rate as a function of covariates. The discrete model, on the other 

hand, sets the exit dummy variable as the dependent variable in a complementary log-
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log regression model. This dependent variable takes on the value of one in the last year 

that the vessel lands hake, and otherwise is equal to zero. In the latter case, the data is 

right-censored for vessels that do not exit the fishery before 2016 since I cannot observe 

exit decisions beyond the restrictions of the dataset. Each vessel can only fail once, and 

failure is defined as the maximum year observed fishing hake. This prevents multiple 

failure observations for a single vessel, where it may just be targeting other species in the 

years it is not targeting hake and ensures that the vessel’s performance is not tied to a 

single season. Failure only occurs once for each individual vessel, so I do not use panel 

fixed effects for the estimation since the unobserved individual fixed effects cannot be 

differenced out for a single spell.   

The exponentiated coefficients of each explanatory variable give its contribution 

to the hazard rate. Any coefficient values significantly greater than one increase the risk 

of exit, whereas any values significantly less than one attenuate such risk.   

In the discrete time framework, the exponentiated coefficient on ln(j) is the 

analog to the parameter p in the continuous time Weibull distribution model. If this 

value is significantly greater than one, it suggests that the base hazard rate is 

monotonically increasing over time. The results show that it is significant and greater 

than zero in all specifications, and becomes greater than one when a full set of covariates 

is included. Hence, it appears that hazard rate tends to increase over time, which is in 
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line with theoretical expectations that a fishing fleet under quota management will 

consolidate over time, concentrating fishing effort among fewer vessels.  

For each set of models, I run a suite of specifications that progressively add 

explanatory variables. The first model is run without any parameters to estimate a 

baseline hazard function.   

The main interest of this paper is to estimate whether expected social quota 

increases the survival rate of vessels in the fishery, and particularly small and medium-

sized vessels in the fresh catch trawlers fleets (ice, coastal, and the rada o ria trawlers). 

Across all model specifications in the discrete time frameworks, the coefficient on social 

quota allocation is significant at the 1% and 10% levels but only marginally greater than 

one. This suggests that failure rate increases modestly with social quota, which is the 

opposite of what I would expect to see if social quota slowed the exit rate.  

The vessel type also tends to be a significant predictor of exit rate. In particular, 

the small and medium-sized vessels, which include the ice and coastal trawler vessels, 

have a higher hazard rate relative to the larger freezer trawler vessel. These results are 

what we would expect in an ITQ-regulated fishery, where less efficient, and often 

smaller vessels, tend to exit the fishery.  
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Table 16. Discrete Time Hazard Function with Complementary Log-Log 

Model.12 

 (1) (2) (3) (4) (5) (6) 

     Coastal 

fleet 

>1 yr 

participate 

       

Ln(j) 0.164*** 0.157*** 0.180*** 12.823** 19.321** 14.667** 

 (0.010) (0.010) (0.012) (10.070) (18.040) (15.092) 

       

Observed Social Quota  1.001*** 1.001*** 1.001*** 1.001*** 1.001** 

  (0.0002) (0.0002) (0.0002) (0.0002) (0.0002) 

       

Freezer Trawler   1.000 1.000  1.000 

   (.) (.)  (.) 

       

Ice Trawler   0.781 1.867* 1.000 2.099* 

   (0.146) (0.549) (.) (0.664) 

       

Coastal Trawler   0.665* 2.749*** 1.463 3.442*** 

   (0.127) (0.843) (0.353) (1.151) 

       

Rada o Ria   0.357* 1.470 0.793 0.515 

   (0.186) (0.818) (0.415) (0.536) 

       

Avg. Annual Stock Index    0.996*** 0.995*** 0.996*** 

    (0.001) (0.001) (0.001) 

       

Fuel price (PPI ARS)    1.216 1.239 1.176 

    (0.142) (0.156) (0.148) 

       

Shrimp price (PPI ARS)    1.000 1.000 1.000 

    (0.000) (0.000) (0.000) 

       

Hake price (PPI ARS)    0.9996*** 0.9996*** 0.9996** 

    (0.0001) (0.0001) (0.0001) 

       

N 2612 2612 2552 2552 1707 2260 

# Vessels 416 416 399 399 265 340 

AIC 895.042 882.595 857.928 735.360 575.919 654.538 

ll -446.521 -439.298 -423.964 -358.680 -279.959 -318.269 

chi2 861.204 853.624 901.741 919.498 679.199 795.327 

                                                      

12 All model specifications given with robust standard errors in parentheses. The Akaike information 

criterion (AIC) is used to compare parametric survival models. Log-likelihood (ll) and Chi-squared values 

also given. All coefficients are exponentiated. Ln(j) is the log of time for each vessel and is the analog for p in 

the continuous time model; * p < 0.05, ** p < 0.01, *** p < 0.001   
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The next set of model specifications add time-variant macroeconomic factors, 

such as the hake stock index, proxied through an average year-vessel fixed effect, and 

fish export and fuel prices. It is notable that the discrete time framework is better 

equipped to estimate the effects of these time-variant covariates on survival rates than 

the continuous time framework, since it correctly estimates the expected effect and finds 

that hake price is a significant factor in exit rate – a higher price will slow the rate of exit. 

Furthermore, a better annual stock index will also slow the exit rate. Together, these two 

factors would encourage fishing if fish could be caught profitably, either via a higher 

price or a lower cost of effort if the fish is more abundant. While the coefficient on fuel 

price is not significant, the effect, as expected, is still greater than one, hence contributing 

to an increased exit rate.   

I also test the models with two restrictions. The first estimates all parameters 

only for the three categories of small and medium sized vessels. The results do not 

change significantly, suggesting that these effects are fleetwide. Second, I restrict the 

estimation to only vessels that participate more than one year in the fishery. This does 

not significantly change results either. While both of these restricted models improve 

test statistics on the goodness of fit of the model, they also reduce the total number of 

observations. Hence, the full, unrestricted discrete time model is the best fit for my data.  

Finally, to test the robustness of the models, I run all model specifications with 

robust standard errors and with standard errors clustered at the vessel level. None of the 
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estimated coefficients are significantly different from each other, and standard errors are 

relatively the same across models for all coefficients. The coefficient on social quota 

allocation, both observed and predicted, is only slightly greater than one. As a result, 

social quota allocation is more likely associated with vessels that are likely to fail 

regardless, rather than being an indicator of failure in and of itself.  

 

Figure 24. Predicted Probability of Exit vs. Observed Social Quota Allocation 

by Fleet Type. The figure uses the predicted hazard rates from the discrete time model 

3. The results show an increasing risk of exit with an increase in predicted social 

quota, across all vessel types. 

Visually, this appears to be the case since marginal coastal vessels are the fleet 

type predicted to have the greatest failure rate and also happens to receive the greatest 

level of social quota (Figure 24). Using the estimation results from model 3 (Table 16), I 



 

159 

predict the risk of exit for each vessel and graph the results against the predicted social 

quota from the first stage regression analysis. The visual graphic shows that an increase 

in expected social quota is strongly correlated with a higher exit probability, especially 

for coastal and ice trawler vessels. This is surprising, because the social quota allocation 

is generally targeted to these vessels as an incentive to continue fishing in the fishery.  

4.4 Conclusion 

The two-stage regression results suggest that additional social quota is not a 

sufficient condition for prolonging a vessel’s participation in an ITQ-fishery, especially 

in light of macroeconomic factors such as export prices and domestic costs and intrinsic 

factors such as vessel type, which can influence how profitable fishing activity is for a 

given operational revenue and cost. In terms of policy implications, these results suggest 

that social quota allocation cannot sufficiently offset broader economic forces to 

maintain small-scale fisheries. Instead, small-scale producers should seek production 

strategies to differentiate their products and access potentially more lucrative, but 

smaller volume, local or regional markets – rather than competing with large-scale 

producers in international export markets.  

The strength of the survival analysis outcomes underlie support for this model 

approach to estimate underlying factors driving participation in an ITQ-regulated 

fishery, including both time variant and non-variant factors. However, the lack of 

significant results in some cases, especially when continuous time price data is 
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aggregated to the annual level, suggests that a longer timeframe or more observations of 

individual vessels making exit decisions may be needed to robustly estimate the effects 

of these explanatory variables.  

The most surprising results of this analysis is that social quota is significantly, 

albeit weakly, associated with a greater exit risk, and especially so for the vessel types it 

is intended to support.  This is potentially due to the context in which social quota is 

requested and allocated. Individual vessels choose to request quota – an endogeneity the 

use of the predicted first stage results hopes to ameliorate – and use it if they have 

reached their annual quota allocation threshold or decide to fish hake while the shrimp 

fishery is closed. On the other hand, provincial authorities can offer social quota to 

encourage vessels to continue to participate in the hake fishery and land their fresh hake 

catch for onshore processing when they might otherwise exit or participate in other 

fisheries. As a result, it is more likely that social quota is allocated to either sporadic 

hake fishers who are looking for an additional revenue opportunity or to marginal 

vessels that may exit the fishery regardless, rather than a driver of exit itself.  

Nonetheless, these results highlight an important policy implication, especially 

when initial quota allocation and the creation of fleet-specific reserves are the subject of 

debate in rights-based management policymaking spheres. These results demonstrate 

that additional quota alone, without addressing structural and macroeconomic factors in 

the fishery, is not enough to slow the rate of exit of less efficient or smaller scale 
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producers. Given that the results find that hazard rate is monotonically increasing over 

time, all else equal, policymakers should address external factors that could be driving 

vessel exit, beyond the expected fleet consolidation from ITQ management. Structural 

issues, particularly in developing countries such as Argentina, include industry-wide 

reliance on outdated technology, an aging fleet, and labor laws that may inhibit 

innovation and efficiency in production. Furthermore, external influences such as the 

globalization of seafood trade and climate change could also be exerting pressure on 

vessel participation in the fishery (Birkenbach et al., 2018). Consequently, policymakers 

should seek policy solutions that encourage more efficient or value-added production, 

hence minimizing costs and maximizing profits, rather than freely distributing 

additional quota.  
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5. Conclusion 

The purpose of this dissertation is to examine how configurations of property-

rights based management influence social, economic, and ecological outcomes. The three 

essays explore this question through an in-depth focus on an individual transferable 

fishing quota (ITQ) program in Argentina. The dissertation leverages a comprehensive 

dataset of historical landings data from 2007-2016, annual ITQ program reports from 

2010-2016, legislative documents from 1998 to 2018, and in-depth interviews with 

policymakers and business owners to answer how Argentina configured its ITQ 

program and to what extent the outcomes of this program, six years later, align with the 

intended social and economic objectives.  

The first chapter applies Ostrom’s Institutional Analysis and Development 

Framework to outline the rules-in-use of the ITQ program, the intended objectives of 

each, and hypothesize on how each policy lever may influence economic efficiency and 

redistributional outcomes. The institutional analysis reveals the extensive use of policy 

levers to enhance distributional outcomes and maintain the composition of the fishing 

fleet, potentially at the expense of achieving economic efficiency objectives. However, 

the analysis also demonstrates that policymakers introduced both accountability and 

adaptability into the ITQ program, through transparency in initial quota allocation, 

regular meetings to discuss fisheries management with industry representatives, and a 

continued effort to update and modify the program in response to industry concerns. 
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Consequently, while there may be trade-offs in efficiency and equity embedded into the 

design of the program, industry representatives are able to work with policymakers to 

ameliorate the most negative effects of the policy.  

The first chapter reveals three specific policy levers that have a disproportionate 

impact on day-to-day fishery operations, particular for the coastal and ice trawler 

vessels that land fresh catch for onshore processing. These levers are: a unidirectional 

trading restriction between ice trawler and freezer trawler vessels, a use-it-or-lose-it 

provision for insufficient use of quota, and a social quota reserve where provincial 

authorities can allocate additional quota to meet social needs.  

The second chapter estimates the potential economic efficiency costs of the first 

two levers, while the third chapter assesses to what extent social quota allocation 

extends the participation of coastal and ice trawler vessels in the fishery.   

The second chapter utilizes a two-stage structural model to assess to what extent 

the use-it-or-lose-it provision drives intra-seasonal firm behavior. The results 

demonstrate that the coastal and ice trawler fleets disproportionately lose quota for 

insufficient use. Hence, this policy lever that was intended to ensure wide circulation of 

quota among active users combined with the unidirectional trading restriction to protect 

the coastal and ice trawler fleets actually work together to undermine the envisioned 

objectives of these levers. Instead, the results suggest that coastal and ice trawler vessel 
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quota holders could be made better off if allowed to sell quota to the freezer trawler 

fleet, which has a larger landing capacity for landing the quota.  

Finally, the third chapter utilizes a two-stage reduced form approach and 

survival analysis to estimate the impact of social quota allocation on an individual 

vessel’s participation in the ITQ-regulated hake fishery. Contrary to a priori expectations 

that additional quota should extend the life expectancy of the vessel in the fishery, the 

results robustly demonstrate the opposite effect. This could be indicative that social 

quota is either allocated to marginal vessels that are preparing to exit the fishery 

regardless or treated as a short-term subsidy to incentivize the landing of fresh catch in 

provincial processing factories when vessels may otherwise not have an economic 

incentivize to land any hake catch. Regardless, the results demonstrate that additional 

quota is not sufficient to subsidize long-term participation in the fishery, and that 

policymakers should instead seek structural solutions relating to minimizing costs or 

increasing revenues, such as through renovation of fishing capital and the creation of 

value-added products, to encourage greater participation in the fishery. Of course, this 

comes with the caveat that greater fishery participation may come at the cost of 

conservation objectives.    

ITQ programs do not exist in a vacuum. Policymakers must balance social, 

economic, and ecological objectives within the context of changing macroeconomic 

conditions, climate change, and the globalization of the seafood trade (Birkenbach et al., 
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2018). The results of the second and third chapters support this assertion. Despite the 

inclusion of well-intentioned and socially-oriented policy levers in the Argentine 

fisheries ITQ program, designed with the input of the industry over an extensive 

twenty-year process, the combination of policy levers with external factors has 

generated unintended consequences, particularly for the coastal fleets it was intended to 

protect. Future research should assess how these levers can be adjusted to generate the 

intended social outcomes while also keeping economic costs in check.  

The three essays implement theoretical and empirical approaches to evaluate 

how configurations of rights-based management influence social, economic, and 

ecological outcomes through the lens of an ITQ-regulated fishery. The results 

demonstrate that such configurations should be designed with a forward-looking 

perspective that takes into account macroeconomic conditions and structural challenges 

to the fishery industry. Otherwise, the best-intentioned policies may generate 

unintended consequences for the most vulnerable fishery participants. Nonetheless, the 

process through which Argentina configured, and continues to update, its ITQ program 

demonstrates an optimistic case in which industry and policymakers can work together 

to design property-rights based programs and build in accountability and adaptability 

to respond to any such unintended consequences.   
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Appendix A. Expert Interview Questions 

Informed Consent 
Introduction 

You are invited to participate in research survey about experiences and opinions of changes in 

the fishing industry.  

Why is this study being done? 

The purpose of this research study is to study the design process, implementation, and outcomes 

associated with specific Argentine fisheries management policies. 

What are the study procedures?  What will I be asked to do? 

If you agree to take part in this study, you will then be asked to complete this one-hour survey. 

The survey asks questions about fishery operations and perceptions of fisheries management and 

fisheries activities to better understand and calculate the social, economic, and ecological 

outcomes of fisheries polices. We believe there are no known risks associated with this research 

study; however, a possible inconvenience may be the time it takes to complete the study.  

What are the benefits of the study? 

By completing this survey, we hope that your participation in the study will help researchers and 

fisheries managers better understand the impacts of policies on your day-to-day operations. We 

hope that the results of this study will inform fisheries management decisions in the future, both 

in Argentina and worldwide.   

Are there costs to participate? 

There are no costs to you to participate in this study.  

How will my personal information be protected? 

The following procedures will be used to protect the confidentiality of your data.   

All electronic files containing identifiable information will be password protected.  Any computer 

hosting such files will also have password protection to prevent access by unauthorized users.  

Only the members of the research staff will have access to the passwords.  All responses will be 

coded with a unique ID number and will not include your name, e-mail, or address. Data that 

will be shared with others will be coded as described to help protect your identity.  At the 

conclusion of this study, the researchers may publish their findings.  Information will be 

presented in summary format and you will not be identified in any publications or presentations.  

Any electronic data described in this paragraph will be maintained in accordance with the 

security provisions of this paragraph until destroyed by the researchers 

You should also know that the Duke University Human Subjects Protections Program (IRB) may 

inspect study records as part of its auditing program, but these reviews will only focus on the 

researchers and not on your responses or involvement.  The IRB is a group of people who review 

research studies to protect the rights and welfare of research participants. 

Can I stop being in the study and what are my rights? 

You do not have to be in this study if you do not want to. While taking the survey, you do not 

have to answer any question that you do not want to answer. 

Who do I contact if I have questions about the study? 

I will be happy to answer any question you have about this study. If you have further questions 

about this study, want to voice concerns or complaints about the research or if you have a 
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research-related problem, you may contact the principal investigator, Stephanie Stefanski 

(Stephanie.Stefanski@duke.edu).  If you would like to discuss your rights as a research 

participant, discuss problems, concerns, and questions; obtain information; or offer input with an 

informed individual who is unaffiliated with the specific research, you may contact the Duke 

University Human Subjects Protections Program (IRB) at 919-684-3030 or email at 

campusirb@duke.edu 

Your completion of this survey serves as your consent to participate in this research.  
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I. History and Current Participation in Fishery Industry 

Thank you for agreeing to participate in this survey about fisheries management in 

Argentina. This first section addresses your personal experience in the fishing industry. 

All answers are confidential.  

Please provide contact information.  

Name:   

Role/Occupation:  

Organization/Firm Name:   

City/Province:   

 

What year did you start participating in the fishing industry? _________ 

Were you involved in the fishing industry 10-15 years ago (early 2000s)? Yes___ No____  

What do you believe your primary role has been in the fishing industry?  

______________________________________________________________________________

______________________________________________________________________________ 

Which fishery, or fisheries, have you primarily been involved in?   

______________________________________________________________________________

______________________________________________________________________________ 

 

II. Fisheries Management 

This section addresses your perceptions of fisheries management in Argentina and will 

help me understand the strengths and weaknesses of current management approaches.  

Do you actively participate in any aspect of fisheries management? (For example, 

attending Federal Fisheries Council Meetings, serving on a committee) 

______________________________________________________________________________

______________________________________________________________________________ 

What do you see as threats to the management of Argentine fisheries?  

______________________________________________________________________________

______________________________________________________________________________ 
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How much do you agree or disagree with these statements about fisheries management?  

 

 

Strongly 

disagree Disagree Neutral Agree 

Strongly 

Agree 

Management should maximize:      

Employment in the fishery fleet 1 2 3 4 5 

Earnings for each fisherman 1 2 3 4 5 

Earnings for each vessel owner 1 2 3 4 5 

Sustainability of the fish stock 1 2 3 4 5 

Fishery resources should be 

allocated to those: 

     

Who need it the most to work as 

fishermen  
1 2 3 4 5 

Who have invested financially in 

the fishery 
1 2 3 4 5 

Who have invested their labor in 

the fishery 
1 2 3 4 5 

Who have historically participated 

in the fishery 
1 2 3 4 5 

Who have complied with fishery 

law 
1 2 3 4 5 

Who have participated in fisheries 

production  
1 2 3 4 5 

Fishery firms in [ITQ-regulated 

fishery] have successfully been 

included in fisheries management 

decisions  

1 2 3 4 5 

Individual vessel owners in [ITQ-

regulated fishery] have 

successfully been included in 

fisheries management decisions 

1 2 3 4 5 

The ITQ regime for [fishery] 

protects:  
     

The fishery stock 1 2 3 4 5 

The ice trawler (fresquero) fleet 1 2 3 4 5 

The offshore fleet 1 2 3 4 5 

The coastal processing plants 1 2 3 4 5 

Patagonian fishing communities 1 2 3 4 5 

Buenos Aires province fishing 

communities 
1 2 3 4 5 
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I trust the fisheries management 

authorities to make the right 

decision to regulating fisheries 

1 2 3 4 5 

 

What suggestions, if any, do you have for improving Argentine fisheries management?  

______________________________________________________________________________

______________________________________________________________________________ 

Below is a list of common concerns for the commercial fishing industry. Please rank 

them in order of importance from 1 (most important) to 13 (least important).  

Concern Is this a concern for the industry?  Rank 

Low price of fish Yes______   No________  

Bycatch and discards Yes______   No________  

Aquaculture Yes______   No________  

Global economic conditions Yes______   No________  

ITQ management Yes______   No________  

Ocean temperature changes Yes______   No________  

National politics Yes______   No________  

Competition from other sectors Yes______   No________  

Increasing costs of fishing Yes______   No________  

Other: _________________ Yes______   No________  

 

Why are you concerned about the issue you ranked first?  

______________________________________________________________________________

______________________________________________________________________________ 
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III. ITQ Management Regime 

In this section, I would like to ask you specific questions about the ITQ Management 

Regime. I see that you currently hold quota for [name] fisheries. I would like to 

understand how ITQ management has changed or influenced your business activities, if 

at all. Your responses will help me understand which, if any, aspects of this program 

may be successful and which, if any, may need to be improved. All answers will be 

confidential.  

Did you participate in any of the process to design and implement the Argentine 

Fisheries ITQ program? Please explain how you participated and which ITQ-regulated 

fishery (or fisheries) you participated in at the time. 

______________________________________________________________________________

______________________________________________________________________________ 

If so, what are the primary objectives of the program, stated during the design process? 

______________________________________________________________________________

______________________________________________________________________________ 

Do you believe the final design aligns with these objectives?  

______________________________________________________________________________

______________________________________________________________________________ 
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What effects, if any, has the ITQ management regime had on the structure and 

characteristics of the Argentine fishing industry?  

______________________________________________________________________________

______________________________________________________________________________  

 

What do you believe are the primary economic outcomes of the ITQ management 

regime?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What do you believe are the primary social outcomes of the ITQ management regime?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What do you believe are the primary ecological outcomes of the ITQ management 

regime?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Why do you believe quota-holders give up allocation to the reallocation fund?  

______________________________________________________________________________

______________________________________________________________________________ 

 

How do trading restrictions affect coastal quota holders’ ability to buy and sell quota?  

______________________________________________________________________________

______________________________________________________________________________ 

 

How is social quota allocation decided? What factors do you take into account when 

approving petitions for social quota?   

______________________________________________________________________________

______________________________________________________________________________ 

 

How has ITQ management influence compliance behavior in the fishing fleet?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Were there any significant changes to dockside inspections after the ITQ program was 

implemented? Explain.   

______________________________________________________________________________

______________________________________________________________________________ 
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Have you observed any quota-holding vessels shifting effort into unregulated fisheries? 

Explain why or why not.  

______________________________________________________________________________

______________________________________________________________________________ 

 

What barriers, if any, exist to prevent vessels from entering unregulated fisheries?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Have you observed any changes in how crew members are remunerated after the ITQ 

program was implemented? Explain.  

______________________________________________________________________________

______________________________________________________________________________ 

 

Have you observed any changes in where crew members are hired after the ITQ 

program was implemented? Explain.  

______________________________________________________________________________

______________________________________________________________________________ 

 

Do you believe the ITQ program is inducing high-grading in regulated fisheries? Why or 

why not?  

______________________________________________________________________________

______________________________________________________________________________ 
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How much do you agree or disagree with the following statements?  

 Strongly 

disagree Disagree Neutral Agree 

Strongly 

Agree 

Initial allocation of ITQ shares was 

fair 
1 2 3 4 5 

Trading restrictions protect the 

coastal fleet 
1 2 3 4 5 

ITQs have made fishing safer 1 2 3 4 5 

ITQs have made fishing more 

profitable 
1 2 3 4 5 

ITQs have reduced the number of 

crew jobs 
1 2 3 4 5 

ITQs have improved the quality crew 

jobs  
1 2 3 4 5 

ITQs have supported local 

community development 
1 2 3 4 5 

ITQs have protected small and 

medium businesses 
1 2 3 4 5 

ITQs have made it more difficult for 

new firms or vessel owners to enter 

the fishery 

1 2 3 4 5 

ITQs have improved compliance in 

the fishery 
1 2 3 4 5 

ITQs have improved fishery stock 

health 
1 2 3 4 5 

ITQS should be expanded to other 

fisheries  
1 2 3 4 5 

ITQs reduce financial risk in the 

fishery 
1 2 3 4 5 

ITQs have improved fishery 

production   
1 2 3 4 5 

ITQs have created conflict between 

the offshore and coastal fleet 
1 2 3 4 5 

ITQs have created conflict between 

[home port] and other fishing 

communities  

1 2 3 4 5 

Social allocation of hake quota is a 

fair process 
1 2 3 4 5 

Social allocation of hake quota 

supports local fishing communities  
1 2 3 4 5 
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Overall, how satisfied or dissatisfied are you with the ITQ management system? 

Very dissatisfied 

Dissatisfied 

Neutral 

Satisfied 

Very satisfied  

 

Do you have any other comments or observations concerning the ITQ management 

regime?  

______________________________________________________________________________

______________________________________________________________________________ 
 

IV. Personal Information  

This is the last section of the survey. Could you please answer the following socio-

demographic answers?  

Gender: Male____ Female___ 

In what year were you born? ____ 

What is the highest level of schooling that you have completed? 

Some school (# years) 

High school 

Some college, no degree 

Two-year college or technical school 

Four-year college 

Graduate degree  
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Appendix B. Survey for Argentine Fishery Firms 
Informed Consent 

Introduction 

You are invited to participate in research survey about experiences and opinions of 

changes in the fishing industry.  

Why is this study being done? 

The purpose of this research study is to study the design process, implementation, and 

outcomes associated with specific Argentine fisheries management policies. 

What are the study procedures?  What will I be asked to do? 

If you agree to take part in this study, you will then be asked to complete this one-hour 

survey. The survey asks questions about fishery operations and perceptions of fisheries 

management and fisheries activities to better understand and calculate the social, 

economic, and ecological outcomes of fisheries polices. We believe there are no known 

risks associated with this research study; however, a possible inconvenience may be the 

time it takes to complete the study.  

What are the benefits of the study? 

By completing this survey, we hope that your participation in the study will help 

researchers and fisheries managers better understand the impacts of policies on your 

day-to-day operations. We hope that the results of this study will inform fisheries 

management decisions in the future, both in Argentina and worldwide.  

Are there costs to participate? 

There are no costs to you to participate in this study.  

How will my personal information be protected? 

The following procedures will be used to protect the confidentiality of your data.   

All electronic files containing identifiable information will be password protected.  Any 

computer hosting such files will also have password protection to prevent access by 

unauthorized users.  Only the members of the research staff will have access to the 

passwords.  All responses will be coded with a unique ID number and will not include 

your name, e-mail, or address. Data that will be shared with others will be coded as 

described to help protect your identity.  At the conclusion of this study, the researchers 

may publish their findings.  Information will be presented in summary format and you 

will not be identified in any publications or presentations.  Any electronic data described 

in this paragraph will be maintained in accordance with the security provisions of this 

paragraph until destroyed by the researchers 

You should also know that the Duke University Human Subjects Protections Program 

(IRB) may inspect study records as part of its auditing program, but these reviews will 

only focus on the researchers and not on your responses or involvement.  The IRB is a 

group of people who review research studies to protect the rights and welfare of 

research participants. 
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Can I stop being in the study and what are my rights? 

You do not have to be in this study if you do not want to. While taking the survey, you 

do not have to answer any question that you do not want to answer. 

Who do I contact if I have questions about the study? 

I will be happy to answer any question you have about this study. If you have further 

questions about this study, want to voice concerns or complaints about the research or if 

you have a research-related problem, you may contact the principal investigator, 

Stephanie Stefanski (Stephanie.Stefanski@duke.edu).  If you would like to discuss your 

rights as a research participant, discuss problems, concerns, and questions; obtain 

information; or offer input with an informed individual who is unaffiliated with the 

specific research, you may contact the Duke University Human Subjects Protections 

Program (IRB) at 919-684-3030 or email at campusirb@duke.edu 

Your completion of this survey serves as your consent to participate in this research.  
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I. Fishing History and Current Participation 

Thank you for agreeing to participate in this survey about fisheries management in 

Argentina. This first section addresses your personal experience in the fishing industry 

and your day-to-day business operations. Your responses will help me understand the 

fishery business in Argentina and the potential impacts of different policies on your 

business. All answers are confidential.  

Please provide contact information.  

Role/Occupation:  

Firm Name:   

City/Province:   

 

Did you grow up in [City]? Yes___ No___ 

How long have you lived in [City]? _________ 

What year did you start commercial fishing?  _______________ 

How would you rate your current fishing activity? 

1. Never fish 2. Rarely fish 3. Occasionally fish 4. Somewhat 

active 

5. Very 

active 

In the past 5-10 years, how would you rate your fishing activity?  

1. Never fish 2. Rarely fish 3. Occasionally fish 4. Somewhat 

active 

5. Very 

active 

Were you involved in commercial fishing 10-15 years ago (early 2000s)? Yes___ No____  

How many years of commercial fishing experience do you have in total? _____ 

 

Of those total years of experience, how many years were you…? 

 YEARS 

Primarily a crew member  

Primarily a captain  

Primarily an owner-operator  

Primarily a vessel, permit, or quota owner, not actively fishing  
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Please list these details about the vessels you own, operate, or work on:  

 
Vessel 

Class 

Length 

(m) 

Fuel 

capacity 

(liters) 

Total 

horsepower 

Market 

Value (USD) 

Replacement 

Value (USD) 

Vessel 1:  

___________ 
    

  

Vessel 2:  

___________ 
    

  

Vessel 3:  

___________ 
    

  

Vessel 4:  

___________ 
    

  

Vessel 5:  

___________ 
    

  

Vessel 6:  

___________ 
    

  

 

Please describe fishing operations during 2016 for each of these vessels:  

 
Home 

Port 

Average 

fishing 

days per 

trip 

Daily 

Fuel 

use 

(l) 

Speed 

while 

fishing 

Crew 

Size 

(without 

captain) 

Total # of 

employees 

(non-

processing) 

Total # of 

employees 

(processing) 

Total 

landings 

(tons) 

Vessel 1:  

_______ 
     

   

Vessel 2:  

_______ 
     

   

Vessel 3:  

_______ 
     

   

 

How have these operations changed during the past 10 to 15 years? For example, has the 

home port or number of fishing days changed for any of these vessels? Please explain.  

______________________________________________________________________________

______________________________________________________________________________ 

 

What do you see as major threats to the sustainability of the (home port) fishing 

community? 

______________________________________________________________________________

______________________________________________________________________________ 
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What are the top four species your primary vessel targeted during 2016, and what was 

the primary gear for each?  

 Species Primary gear Years in 

the fishery 

% of 

fishing 

time 

% of 

fishing 

income 

1      

2      

3      

4      

 

What fisheries are you currently involved in? (Circle all)  

Hake (S) 

Hake (N) 

Corvina blanca (croaker) 

Hoki 

Pescadilla (haddock) 

Caballa (mackerel) 

Anchovy 

Abadejo (Pollock) 

Southern blue whiting 

Patagonian Toothfish 

Lenguado (sole) 

Shrimp 

Squid 

Scallops 

Other:  

 

How has your participation in each of these fisheries changed during the past 10 to 15 

years?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What would an entry level fisherman need to begin participating in your primary (#1) 

fishery?  

______________________________________________________________________________

______________________________________________________________________________ 
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On a scale of 1-5, how difficult is it for new people to enter your primary fishery?  

1. Very easy 2. Easy 3. Neither easy nor difficult 4. Difficult 5. Very difficult 

 

In terms of vessel and/or gear start-up costs? _____ 

In terms of permit and quota prices? ______ 

In terms of knowledge and skill? _____ 

 

What would an entry level fisherman need to begin participating in [quota-regulated] 

fishery?  

______________________________________________________________________________

______________________________________________________________________________ 

 

On a scale of 1-5, how difficult is it for new people to enter the [quota-regulated] fishery?  

1. Very easy 2. Easy 3. Neither easy nor difficult 4. Difficult 5. Very difficult 

 

In terms of vessel and/or gear start-up costs? _____ 

In terms of permit and quota prices? ______ 

In terms of knowledge and skill? _____ 
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Please provide the following information about 2016 expenses (expenses that occurred 

during 2016). This information will help us better understand the costs and profitability 

associated with fishery activity. Please record NA if not applicable to your activities.  

Expenses Category All 

Fisheries 

Hake 

Fishery 

Hoki 

Fishery 

Southern 

blue whiting 

fishery 

Patagonian 

toothfish 

fishery 

Vessel(s) and onboard 

equipment 
     

Fishing gear      

Processing equipment      

Captain(s) (wages, benefits, 

insurance) 
     

Crew (Non-Processing)      

Crew (Processing)      

Observer fees      

Fishing association       

Permit fees      

Fuel      

Bait      

Ice      

Off-load expenses (dock 

fees, port tariffs, etc.) 
     

Other supplies      

Communications      

 

How many processing plants does your firm own, if any? Where is each located? 

______________________________________________________________________________

______________________________________________________________________________ 
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Please provide the total amount you paid for temporary or permanent purchases of 

quota shares during 2016 in the four ITQ-regulated fisheries:  

 Hake Hoki 

SB 

Whiting 

Patagonian 

toothfish 

Purchase of permanent quota shares     

Purchase of temporary quota shares     

 

Please provide the following information about 2016 earnings. Landings revenue should 

include taxes and any other fees.  

Earnings Source All 

Fisheries 

Hake 

Fishery 

Hoki 

Fishery 

Southern 

blue whiting 

fishery 

Patagonian 

toothfish 

fishery 

Port landings      

Sale of permanent 

quota shares  
     

Sale of temporary 

quota shares 
     

Lease or charter of 

vessel 
     

Other: 

 
     

 

Did you use a crew share system to pay your crew when operating in the [ITQ-

regulated] fishery during 2016? If no, please explain what system of remuneration you 

used.  

______________________________________________________________________________

______________________________________________________________________________ 

 

Which expenses are deducted from total revenue before calculating the crew share when 

this vessel operated in the [ITQ-regulated] fishery during 2016?    

______________________________________________________________________________

______________________________________________________________________________ 

 

During 2016, on what percentage of fishing trips did the vessel owner serve as the 

captain for each of the vessels listed above?  

______________________________________________________________________________

______________________________________________________________________________ 
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During the last 10 to 15 years, has the system of crew payment changed? If so, please 

explain.  

______________________________________________________________________________

______________________________________________________________________________ 

 

How satisfied or dissatisfied are you with the following items related to the job of 

fishing?  
  

Very 

Dissatisfied Dissatisfied Neutral Satisfied 

Very 

Satisfied 

a. Your actual earnings 1 2 3 4 5 

b. The predictability of your 

earnings 
1 2 3 4 5 

c. Job safety 1 2 3 4 5 

d. Your control over your 

fishing operation 1 2 3 4 5 

e. Challenge of the job 1 2 3 4 5 

f. Ease of entering fishing 1 2 3 4 5 

g.  Regulatory requirements 1 2 3 4 5 

 

Compared to 10-15 years ago, how much have these aspects of fishing changed?  
  Significantly 

Decreased  

No 

Change  

Significantly 

Increased 

a. Earnings in fishing 1 2 3 4 5 

b. The predictability of earnings 

in fishing 
1 2 3 4 5 

c. Job safety 1 2 3 4 5 

d. Crew shares 1 2 3 4 5 

e. Fishing skills of the average 

fishing man  
1 2 3 4 5 

f. Need for business knowledge 

in fishing 
1 2 3 4 5 

g. Opportunity to be your own 

boss in fishing 
1 2 3 4 5 

h.  Fisherman’s control over 

fishing operations 
1 2 3 4 5 

i. Challenge of the job 1 2 3 4 5 

j. Ease of entering fishing 1 2 3 4 5 

k. Regulatory requirements 1 2 3 4 5 
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What explains the changes you observed over the past 10-15 years?   

______________________________________________________________________________

______________________________________________________________________________ 

 

Are there any other changes you have observed in the fishery industry or fishery stocks 

over the past 10 to 15 years?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Can you think of any other significant changes to your day-to-day operations? Why did 

this occur? 

______________________________________________________________________________

______________________________________________________________________________ 

 

What primary factors influence which species you target on each fishing trip?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What primary factors influence which fishing grounds you target on each fishing trip?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What primary factors influence where you land your catch after each fishing trip?  

______________________________________________________________________________

______________________________________________________________________________ 

 

II. Fisheries Management 

This section addresses your perceptions of fisheries management in Argentina and will 

help me understand the strengths and weaknesses of current management approaches.  

 

Do you actively participate in any aspect of fisheries management? (For example, 

attending Federal Fisheries Council Meetings, serving on a committee) 

______________________________________________________________________________

______________________________________________________________________________ 
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How much do you agree or disagree with these statements about fisheries management?  

 Strongly 

disagree Disagree Neutral Agree 

Strongly 

Agree 

Management should maximize:      

Employment in the fishery fleet 1 2 3 4 5 

Earnings for each fisherman 1 2 3 4 5 

Earnings for each vessel owner 1 2 3 4 5 

Sustainability of the fish stock 1 2 3 4 5 

Fishery resources should be allocated to 

those: 

     

Who need it the most to work as fishermen  1 2 3 4 5 

Who have invested financially in the 

fishery 
1 2 3 4 5 

Who have invested their labor in the 

fishery 
1 2 3 4 5 

Who have historically participated in the 

fishery 
1 2 3 4 5 

Who have complied with fishery law 1 2 3 4 5 

Who have participated in fisheries 

production  
1 2 3 4 5 

Fishery firms in [ITQ-regulated fishery] 

have successfully been included in 

fisheries management decisions  

1 2 3 4 5 

Individual vessel owners in [ITQ-regulated 

fishery] have successfully been included in 

fisheries management decisions 

1 2 3 4 5 

The ITQ regime for [fishery] protects:       

The fishery stock 1 2 3 4 5 

The inshore (fresquero) fleet 1 2 3 4 5 

The offshore fleet 1 2 3 4 5 

The coastal processing plants 1 2 3 4 5 

Patagonian fishing communities 1 2 3 4 5 

Buenos Aires province fishing 

communities 
1 2 3 4 5 

I trust the fisheries management 

authorities to make the right decision to 

regulating fisheries 

1 2 3 4 5 
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What suggestions do you have for improving the management of ITQ fisheries?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What do you see as threats to the management of these fisheries?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Below is a list of common concerns for the commercial fishing industry. Please rank 

them in order of importance from 1 (most important) to 13 (least important).  

Concern Is this a concern for your 

business?  

Rank 

Low price of fish Yes______   No________  

Bycatch and discards Yes______   No________  

Aquaculture Yes______   No________  

Global economic conditions Yes______   No________  

ITQ management Yes______   No________  

Ocean temperature changes Yes______   No________  

National politics Yes______   No________  

Competition from other 

sectors 

Yes______   No________  

Increasing costs of fishing Yes______   No________  

Other: _________________ Yes______   No________  

 

Why are you concerned about the issue you ranked first?  

______________________________________________________________________________

______________________________________________________________________________ 

 

III. ITQ Management Regime 

In this section, I would like to ask you specific questions about the ITQ Management 

Regime. I see that you currently hold quota for [name] fisheries. I would like to 

understand how ITQ management has changed or influenced your business activities, if 

at all. Your responses will help me understand which, if any, aspects of this program 

may be successful and which, if any, may need to be improved. All answers will be 

confidential.  

 

Did you participate in any of the process to design and implement the Argentine 

Fisheries ITQ program? Please explain how you participated and which ITQ-regulated 

fishery (or fisheries) you participated in at the time. 
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______________________________________________________________________________

_____________________________________________________________________________

Did you anticipate the implementation of the ITQ program in 2010 or earlier pilot 

programs?  

______________________________________________________________________________

______________________________________________________________________________ 

 

If so, how did the anticipation of an ITQ program influence your business decisions?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What effects, if any, has ITQ management had on your fishing business?  

______________________________________________________________________________

______________________________________________________________________________ 

 

What effects, if any, has ITQ management had on your fishing community (home port)?  

______________________________________________________________________________

______________________________________________________________________________  

 

Could you explain your primary motivations for permanently buying [fishery] quota? 

______________________________________________________________________________

______________________________________________________________________________ 

 

Could you explain your primary motivations for temporarily buying [fishery] quota? 

______________________________________________________________________________

______________________________________________________________________________ 

 

Could you explain your primary motivations for permanently selling [fishery] quota?  

Insufficient shares  

Needed money 

Traded shares 

Entered other fisheries (Explain: _________) 

Difficulties with crew and employees 

Difficulties with processing plant 

Difficulties with vessel 

Decommissioned vessel  

Other___________________ 
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Could you explain your primary motivations for temporarily selling [fishery] quota? 

Insufficient shares  

Needed money 

Traded shares 

Entered other fisheries (Explain: _________________) 

Difficulties with crew and employees 

Difficulties with processing plant 

Difficulties with vessel 

Decommissioned vessel  

Other: ___________________________ 

 

Have you ever given up quota to the reallocation fund? Why?  

______________________________________________________________________________

______________________________________________________________________________ 

 

How do trading restrictions affect your ability to buy and sell quota?  

______________________________________________________________________________

______________________________________________________________________________ 

 

How do biological halts affect when you operate your vessels?  

______________________________________________________________________________

______________________________________________________________________________ 

 

Have you ever received social quota allocation? If so, how did this impact your 

operations? 

______________________________________________________________________________

______________________________________________________________________________ 
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How much do you agree or disagree with the following statements?  

 Strongly 

disagree Disagree Neutral Agree 

Strongly 

Agree 

Initial allocation of ITQ shares was fair 1 2 3 4 5 

Trading restrictions help or protect the 

coastal fleet 
1 2 3 4 5 

ITQs have made fishing safer 1 2 3 4 5 

ITQs have made fishing more profitable 1 2 3 4 5 

ITQs have reduced the number of crew 

jobs 
1 2 3 4 5 

ITQs have improved the quality crew 

jobs  
1 2 3 4 5 

ITQs have supported local community 

development 
1 2 3 4 5 

ITQs have protected small and medium 

businesses 
1 2 3 4 5 

ITQs have made it more difficult for 

new firms or vessel owners to enter the 

fishery 

1 2 3 4 5 

ITQs have improved compliance in the 

fishery 
1 2 3 4 5 

ITQs have improved fishery stock 

health 
1 2 3 4 5 

ITQS should be expanded to other 

fisheries  
1 2 3 4 5 

ITQs reduce financial risk in the fishery 
1 2 3 4 5 

ITQs have improved fishery production   
1 2 3 4 5 

ITQs have created conflict between the 

offshore and coastal fleet 
1 2 3 4 5 

ITQs have created conflict between 

[home port] and other fishing 

communities  

1 2 3 4 5 

Social allocation of hake quota is a fair 

process 
1 2 3 4 5 

Social allocation of hake quota supports 

local fishing communities  
1 2 3 4 5 
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Overall, how satisfied or dissatisfied are you with the ITQ management system? 

Very dissatisfied 

Dissatisfied 

Neutral 

Satisfied 

Very satisfied  

 

IV. Personal Information  

 

This is the last section of the survey. Could you please answer the following socio-

demographic answers?  

 

Gender: Male____ Female___ 

 

In what year were you born? ____ 

 

What is the highest level of schooling that you have completed? 

Some school (# years) 

High school 

Some college, no degree 

Two-year college or technical school 

Four-year college 

Graduate degree  

 

What was your household income in 2016? (before taxes) 

Under 100,000 ARS 

100,000 – 150,000 ARS 

150,001 – 200,000 ARS 

200,001 – 250,000 ARS 

250,001 – 300,000 ARS 

300,001 – 400,000 ARS 

400,001 – 500,000 ARS 

More than 500,000 ARS   
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Appendix C. Key Figures in ITQ Regime Design Process   

Dr. Jose Maria Casas, Representative of Buenos Aires Province 

Sr. Oscar Fortunato, Representative of Buenos Aires Province 

Lic. Juan Carlos Braccalenti, Representative of Santa Cruz Province  

Sr. Gerardo Nieto, Representative of Santa Cruz Province 

Med. Vet. Marcelo Morandi, Representative of Tierra del Fuego Province  

Omar Rapoport, Representative of Tierra del Fuego Province  

Lic. Omar Rapoport, Representative of Chubut Province 

Katty Olsen, Representative of Chubut Province 

Lic. Jorge Bidi, SSPyA 

Lic. Oscar Padin, Representative of SAyDS (Secretaria de Ambiente y Desarrollo 

Sustenable) 

Lic. Maria Laura Tombesi, SAyDS, working group for ITQ Management Regime 

Marcelo Santos, consultant (consejero) 

Carlos Cantu, Consultant, Representative of PEN 

Representatives of INIDEP and private sector 

Dr. Jose Carlos Hournou, technical coordinator for the first working group, 

Judicial Regime of the ITQ 

Lic. Gabriel Enrique Sesar, technical coordinator for the second working group, 

Administrative Regime of the ITQ 

Ing. Edgardo Rigueiro Seoane, technical coordinator for the third working group, 

Allocation and Application of ITQ 

Union de Intereses Pesqueros Argentinos 

Camara Argentina de Armadores de Puques Pesqueros de Altura  

Camara de la Industria Pesquera Argentina 

Asociacion Argentina de Capitanes y Patrones de Pesca 

Sociedad de Patrones Pescadores 
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Appendix D. Dataset Compilation 

1. Merge ITQ files (R Studio) 

• R File: ITQ_hake_datamerge.R 

• Actions: Takes individual ITQ CSV files (ITQ_hake, pertrans_hake, 

perc_hake, firm, social, vessel) and joins them by vessel for each 

year 

• End file: hake_ITQ.csv 

 

2. Clean wide format data (Stata) 

• Do file: hake_ITQ_clean.do 

• Start file: hake_ITQ.csv 

• Actions: streamlines dataset and reshapes to long format. Adds 

label values and titles 

• End file: hake_ITQ_clean.csv  

 

3. Merge more data (R Studio) 

• R file: ITQ_hake_datamerge_monthly.R 

• Start files: hake_ITQ_clean.csv (cleaned dataset) 

• hake_monthly_sum.csv (sum of official dataset) 

• monthly_hake.csv (official dataset) 

• hake_ITQ_return.csv (official data on quota reallocation) 

• Action: merges hake_ITQ_clean and monthly_hake with firm data 

to create hake_ITQ_monthly.csv 

• Also creates hake_ITQ_monthly_sum.csv by merging 

hake_ITQ_clean and hake_monthly_sum with firm and vessel 

datasets 

• End file: hake_ITQ_monthly.csv 
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4. Clean monthly data 

• Do file: hake_ITQ_monthly.do 

• Start file: hake_ITQ_monthly.csv 

• Actions: Replaces missing values, streamlines firm ownership and 

names, defines fleet types, and adds labels.  

• End file: hake_monthly.dta  

 

5. Merge with other data 

• Do file: datacompile.do 

• Start file: hake_monthly.dta 

• Merges with: price.dta 

• price_annual.dta 

• price_annual_first.dta 

• shrimp.dta 

• hake_effort.dta 

• End file: hake_dataset.dta 

• Price data from: all prices.do 

• Creates monthly dataset of fuel prices 

• Price.dta: monthly price data for export prices, TAC, and fuel 

prices with PPI adjustment 

• Price_annual.dta: annual price average  

• Price_annual_first.dta: annual price average for months 

January – June 

• Shrimp data from: shrimp_clean.do 

• Start file: shrimp.csv (created in shrimp_merge.R)  

• End file: shrimp.dta  

• Actions: Reshapes annual shrimp landings to long format 

• Hake data from: hake_effort.csv (official file)  
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Appendix E. A Brief History of Fisheries Management in 

Argentina 

Historically, prior to the 2010 implementation of an ITQ regime, fisheries were 

managed under National Laws No. 17094 (1966) and No. 17500 (1967) and 

accompanying norms until the implementation of the Federal Fishery Act in 1998. The 

expansion of Soviet fishing effort targeting hake off the Argentine coast prompted the 

first major fisheries law in 1966 (Bisbal 1993). This law defines Argentina’s sovereignty 

over the 200 nautical miles extending from its coast.  

National Law No. 17500, or the Fisheries Law, accompanied National Law No. 

17094 by defining the conditions under which fishing activity could occur within 

Argentina’s national waters. The Law removes all import duties over a four-year period 

on the importation of equipment and machinery to develop fishery activity and 

establishes conditions under which vessels may be imported free of importation costs. 

The law further mandated subsidized fuel costs for any vessel registered in Argentina 

and conducting fishery activity. These benefits are only extended to firms based in 

Argentina and run by Argentines. The combination of tax benefits and import duty 

exemptions prompted a boom in exports from 8,700 tons in 1969 to 64,900 tons in 1974, 

representing a value increase from US$2.8 million to US$33.6 million (Bisbal, 1993). Law 

20136 (1973) further established exclusive exploitation rights for Argentine vessels 
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extending to 200 nautical miles from the coast, prohibiting any foreign flagged vessels 

from operating in Argentine waters.  

From 1966 to 1975, extensive research campaigns were carried out in cooperation 

with the FAO and Argentine government. These projects included evaluating the hake 

and anchovy fishery stocks and testing experimental fishery methods and gear types. In 

1977, National Institution of Fisheries Research and Development (Instituto Nacional de 

Investigacion y Desarrollo Pesquero, INIDEP) was established, replacing the Mar del 

Plata Marine Biology Institution, as the primary institution for fisheries research 

(Angelescu and Sánchez, 1997).   

During this same period, Argentina formed several bilateral agreements with the 

governments of Japan, Germany, and Poland to conduct fisheries research, specifically 

to understand the spatial and temporal characteristics and distribution of key species 

and evaluate southern fishery stocks (Angelescu and Sánchez, 1997). In 1973, the Mixed 

Technical Commission of the Maritime Front (Comisión técnica mixta del frente 

maritime, CMT) formed to jointly manage fishery stocks and activity between Argentina 

and Uruguay. This accompanied the establishment of the Argentine-Uruguayan 

Common Fisheries Zone. Nonetheless, fishing activity was relatively low volume 

throughout the Argentine coast. This could be attributed to low domestic demand and 

strict production policies, specifically that only Argentine-flagged vessels could fish and 

land in national ports. The 1980s in generally is characterized by a slowdown in sector 
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activity, due to a combination of protectionist policies and low international prices 

(Schonberger and Agar, 2001). The Malvinas/Falklands conflict in 1982 interrupted 

fishery activity in the southern waters of Argentina, causing fishery effort to shift effort 

to shrimp and squid stocks (Bisbal, 1993).  

The Menem (1989-1999) administration’s adoption of economic reforms and 

trade liberalization policies in the early 1990s facilitated the rapid growth and 

revitalization of the sector, leading to higher export value generated by seafood exports 

over the traditionally strong beef export sector (Thorpe et al., 2000). Until 1991, fishing 

permits were entirely unrestricted, characterizing fishery stock exploitation as 

unregulated open access. In 1992, modifications to national laws allowed flexibility for 

crew requirements and the importation of ‘second hand’ fishing vessels. These changes 

incentivized foreign companies, primarily from Spain, to establish local Argentine firms 

and gain access the Argentine exclusive economic zone (EEZ) (Hilborn et al., 2005).  

In 1994, Argentina formed a Fisheries Agreement with the European Union, 

which supported joint ventures with local firms and the import of vessels from the EU. 

European firms were granted subsidies to access distant fishing grounds with the 

purpose of reducing fishing pressure on local resources and broadening supply sources 

(UNEP). At the same time, Argentina granted these European firms to operate in 

Argentine waters in exchange for a two-thirds reduction in EU import tariffs on 

Argentine seafood products (Thorpe et al., 2000). These combined subsides and trade 
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agreements induced a shift of fishing effort from Northern, developed countries’ EEZs 

to Argentina’s southern EEZ waters. Domestic subsidies further supported growth in 

the sector. Firms were reimbursed for processing in and exporting from Patagonian 

harbors and received a fuel tax subsidy for operating in Patagonia. National Laws No. 

23018 and 24490 implemented a system of refunds for exports from Patagonian ports 

starting in 1983 and continuing until 1996. After 1996, these reimbursements only 

applied to products processed on land. Patagonian ports experienced a 275% increase in 

fishery exports from 1988 to 1993 (UNEP, 2002).  

During this decade, the Argentine fishing fleet grew extensively, paralleled by 

growing demand from external markets in Europe and Asia. However, unprecedented 

growth in fishing pressure and few regulatory limits led to the collapse of the southern 

Argentine hake stock in 1998, following the collapse of the northern stock in the 1970s 

due to joint fishing pressure from Argentina and Uruguay (Hilborn et al., 2005). Both 

historical landings and estimated hake biomass experienced steep crashes following 

record catches in the mid-1990s. The Menem administration passed an Emergency 

Executive Decree No. 189/99 in 1999 mandating extreme limitations of hake fishing 

effort.   

The collapse of the hake stock initiated a new management paradigm. Early 

signs of imminent hake collapse led to the Emergency Executive Decree No. 189/99 to 

halt all hake fishing and the Federal Fishery Act passed by Congress in 1998. The 
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Federal Fishery Act drastically changed fisheries management in Argentine by 

establishing objectives for fisheries management and designating authorities to manage 

different aspects of fisheries management. For example, one objective states that fishery 

activities, as an industrial activity, should “promote maximum employment of the 

Argentine labor source”. It further created the Federal Fisheries Council (Consejo 

Federal Pesquero, CFP) to establish national fisheries and research policies, set total 

allowable catch, in consultation with INIDEP, and grant fisheries permits, among other 

activities.  
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