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Abstract

This dissertation presents two essays on endogenous growth and renewable resources.

The first essay explores the role of renewable resources in a tractable model of

endogenous growth driven by horizontal and vertical innovation in the closed econ-

omy. The model is tractable in that it yields a complete, analytical characterization

of the path of utility and the associated welfare level. This property is exploited to

compare two cases of renewable resource management: open access and full property

rights. The first case involves a common property problem in which agents ignore

the long-term resource viability; the second fully internalizes the dynamics of the

resource stock. Analysis shows that if the natural regeneration rate of the renewable

resource is too low, the tragedy of the commons occurs. If, instead, the natural

regeneration rate is sufficiently high, the steady-state growth rate of the economy

is identical across the two management regimes. The reason is because there is no

scale effect; that is, the steady-state growth rate of the economy does not depend

on the labor or the resource endowment. However, the development path on which

the economy transits from the developing stage (no R&D activity) to the developed

stage (positive R&D activity) depends on the resource management regime. In par-

ticular, a developing economy under full property rights will cross its development

threshold prior to one under open access. This threshold depends on the size of the

manufacturing firms. When it becomes sufficiently large as a result of the decline

in the number of firms over time, there will be an incentive for the remaining firms
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to conduct R&D. Given the same number of manufacturing firms, the firm size is

larger under full property rights than under open access due to higher nominal ex-

penditure per capita. Therefore, the development threshold will be reached sooner

under full property rights. In other words, the economy will start engaging in R&D

activities sooner and more quickly accumulate knowledge, which is the source of

long-run growth. Moreover, switching from full property rights to open access is wel-

fare reducing due to two effects. The first is through the price of the harvest good.

Although the economy initially enjoys a lower price of harvest good, the price gradu-

ally increases as the resource becomes scarcer. Secondly, the competitive household

instantaneously loses the resource income and thus spends less on manufacturing

goods. This decreases the incentive for manufacturing firms to conduct R&D and

results in a temporary deceleration of the growth rate of TFP relative to the baseline

case of full property rights. The economy therefore experiences a cumulative loss of

TFP relative to the baseline, which is the novel feature of our model of endogenous

innovation. This mechanism has interesting and wide-ranging implications for the

role of resources in development and growth

The second essay extends the model of endogenous growth and renewable re-

sources into the open economy framework. The paper examines the effect of trade

liberalization on resource-rich countries, based on a two-country model in which the

difference in endowment of a renewable resource leads to asymmetric trade. In this

model, the resource-rich economy trades its harvest good and final good for the fi-

nal good from the resource-poor economy. Furthermore, the renewable resource is

considered to be under open access, where there is no clear ownership over the re-

source, leading to overexploitation. Long-term productivity, in this case, stems from

endogenously-determined knowledge accumulation. Under these circumstances, anal-

ysis shows that the resource-rich country will lose from trade due to two effects. The

first effect is the instantaneous loss of income. Higher demand for the harvest good,
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from the combined domestic and international demand, diverts labor away from the

production of technological goods to the harvest sector, where rent is zero. The

second effect is a scarcity effect, which becomes more severe when trade results in

a greater demand for the harvest good. Overexploitation of the renewable resource

today leads to falling resource stock in the future, which is then reflected in the

higher price of harvest good, other things being constant. Since the harvest good

is an essential input to produce the final good, given the same amount of the other

inputs, the amount of final good produced will also fall in the long run.
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1

Introduction

Renewable resources are important especially for the resource-based economy. Hence,

how the resource is managed will have major impact on development, growth and

welfare of the economy. In the model of endogenous growth, where knowledge accu-

mulation is important for the long-run growth to persist, the role of resources does

not receive much attention. What distinguishes renewable resources from other tra-

ditional macroeconomics inputs is that the more it is extracted today, the less the

stock of renewable resources will be left in the future. As a result, this disserta-

tion will incorporate the dynamic of natural resources into the endogenous growth

framework

The following two chapters are two essays related to endogenous growth model

with renewable resources. The first focuses on the closed economy and compare the

effect of two different resource management regimes on economic growth, welfare and

development path. The other analyzes the effect of trade liberalization on growth

and welfare in the resource-rich country, in which the resources are managed without

property rights.

The first essay is “Endogenous Growth and Renewable Resources Under Different
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Management Regimes: Impact on Development and Welfare”, which address 2 ques-

tions; how different resource management regimes affect welfare and the development

path. In particular how different resource management regimes contributes to the

time that the economy reaches the development threshold which transit the economy

to the developed state. Im specifically looking at two different resource management

regimes. The first is the one with no property rights, or open access. Under this

regime, the agent does not incorporate the dynamic of resource stock or more policy

related, government cannot enforce the property rights toward those resources. The

second is Full Property Rights where agent fully take into the account of the dynamic

of the resource stock. The model assumed a closed-economy framework.

The second essay considers the open economy framework in the simplified model

of endogenous growth and focuses on an open-access renewable resources. The model

assumes that Home country is endowed with renewable resources and use it to pro-

duce harvest goods. Harvest goods can be used for producing domestic final goods

or as an trading commodity for imported final good. The analysis compares growth

and welfare level of the resource-rich country before and after trade.
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2

Endogenous Growth and Renewable Resources
Under Different Management Regimes: Impact on

Development and Welfare

2.1 Introduction

Renewable resources play essential roles in developing countries as both produc-

tive inputs and trading commodities. Therefore, the mismanagement of these re-

sources would inevitably impact development, growth and welfare in detrimental

ways. Hardin (1968) underscores the importance of resource management through

the concept of the tragedy of the commons. In particular, limited resources that

are shared and do not have clear ownership are subject to overexploitation, which

eventually leads to extinction.

“What shall we do [to prevent the tragedy of the commons]? We have

several options. We might sell them off as private property. We might

keep them as public property, but allocate the right to enter them. The

allocation might be on the basis of wealth. . . on the basis of merit. . . by

lottery. . . [or] on a first-come, first-served basis. These, I think, are
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all the reasonable possibilities. They are all objectionable. But we

must choose—or acquiesce in the destruction of the commons. . . ” Hardin

(1968)

This paper aims to provide a theoretical model that internalizes the role of renewable

resources within the endogenous growth framework and to emphasize the importance

of how resource management regimes contribute to the development, growth and

welfare of a resource-based economy.

Renewable resources are incorporated in an endogenous growth framework that

takes into account the technological dynamics of manufacturing firms in terms of both

vertical and horizontal innovation Peretto and Connolly (2007) . Vertical innovation

occurs when existing manufacturing firms undertake R&D and learn how to increase

efficiency in order to reduce the marginal cost of production. Horizontal innovation

occurs when an entrepreneur designs a new product and enters the market to add

variety to the manufacturing sector. The source of long-run growth is driven by

vertical innovation only. In this case, however, the introduction of both vertical and

horizontal innovation is necessary to explain the dynamics of the development path.

In particular, an economy that engages in both horizontal and vertical innovation

is considered to be developed while one that engages only in horizontal innovation

is considered to still be developing. Transition along the development path depends

on the firm size. When the firm size becomes sufficiently large, manufacturing firms

will begin conducting R&D and start to accumulate knowledge, which is the source

of long-run growth.

In the model for this paper, a renewable resource yields a harvest good that in

turn serves as an essential input to produce a final good. The way that the re-

source is harvested depends on the resource management regime. In the literature,

management policies are explored extensively and can be categorized into two ex-
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treme cases. The first case is an open access regime, in which resource ownership is

ambiguous. The representative agent ignores the future availability of the resource

stock and labor is allocated based solely on the current productivity. As a result,

economic rent in the harvest sector dissipates to zero since the price of the harvest

good does not reflect the full cost of producing it. Examples of renewable resources

that tend to be managed according to this regime include ocean fisheries, wildlife

populations, forests and public grazing lands. The economic theory of open access

was first developed by Gordon (1991) for application to the fishery industry.

The other extreme case of resource management is the regime of full property

rights. In this case, each agent has private ownership over the resource. As a result,

the agents will internalize the projected future resource stock into the objective

function. Alternatively, Copeland and Taylor (2009) suggest that another way to

think about the resource management regime is to consider the capability of the

government or regulator to monitor and enforce access to the renewable resource. If

the government can effectively enforce the rights to access the resource, the regime

will be equivalent to full property rights. Otherwise, it will be equivalent to open

access. The paper is also in line with this concept.

The difference in resource management regime or in government enforcement of

resource access leads to a difference in nominal expenditure per capita. Specifically,

the economy will have a lower level of nominal expenditure per capita under open

access than under full property rights. The reason is because renewable resources

are overexploited under open access and rent dissipates to zero. On the contrary, if

the economy has adopted full property rights, each agent internalizes the full cost of

harvesting resources so positive rent is being generated in this case. The difference

in nominal expenditure per capita is the core mechanism that drives the dynamics

of manufacturing firms and the dynamics for the growth rate of the economy.

Although the main focus of this paper is on renewable resources, non-renewable
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resources are nested in the model as a special case. To be precise, non-renewable

resources can be considered as natural resources with a zero natural regeneration

rate. The natural regeneration rate is an important factor of the model. If it is

sufficiently high, it guarantees that the growth rate of the open-access economy can

be sustainable in the long run. However, if the natural regeneration rate is too low, as

in the case of non-renewable resources, failure to assign full property rights on those

resources would prevent the economy from sustaining its growth rate in the long run.

This prediction puts pressure on policy-makers to protect natural resources.

The main contributions of this paper are in regard to three aspects: growth,

development and welfare. In terms of the steady state growth of the economy, anal-

ysis shows that if the natural regeneration rate of the renewable resource is too low,

as mentioned earlier, the tragedy of the commons occurs. Specifically, the resource

stock converges to zero and the economy collapses. This result is applicable to oil,

minerals and fossil fuels. If, instead, the natural regeneration rate is sufficiently high,

the steady-state growth rate of the economy is identical across the two management

regimes. The reason is because there is no scale effect; that is, the steady-state growth

rate of the economy does not depend on the labor or the resource endowment.

However, resource management regimes have significant impacts on both the de-

velopment path and the welfare of the economy. In particular, a developing economy

under full property rights will cross its development threshold prior to one under

open access. This threshold from the developing stage (no R&D activity) to the

developed stage (positive R&D activity) depends on the size of the manufacturing

firms. When it becomes sufficiently large as a result of the decline in the number

of manufacturing firms over time, there will be an incentive for the remaining firms

to conduct R&D. Given the same number of manufacturing firms, the firm size is

larger under full property rights than under open access due to higher nominal ex-

penditure per capita. Therefore, the development threshold will be reached sooner
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under full property rights. In other words, the economy will start engaging in R&D

activities sooner and more quickly accumulate knowledge, which is the source of

long-run growth. The result of the model has important implications for assigning

full property rights on natural resources. Failure to assign full property rights on

natural resources has an adverse effect on the development of the manufacturing

sector, which in turn hinders the development path of the economy.

Moreover, this paper analyzes the entire path of the consumption level and the

associated welfare level when switching from full property rights to open access. The

advantage of this comparative study is that it can be derived under the closed-form

solution. Switching from full property rights to open access is shown to be welfare

reducing due to two effects. The first is through the price of the harvest good.

Though the economy initially enjoys a lower price of harvest good, the price gradually

increases as the resource becomes scarcer. In addition, the competitive household

instantaneously loses the resource income and thus spends less on manufacturing

goods. This decreases the incentive for manufacturing firms to conduct R&D and

results in a temporary deceleration of the growth rate of TFP relative to the baseline

case of full property rights. The economy therefore experiences a cumulative loss of

TFP relative to the baseline, which is the novel feature of our model of endogenous

innovation. This mechanism has interesting and wide-ranging implications for the

role of resources in development and growth.

There is a growing number of research papers linking the role of renewable re-

sources and endogenous growth. Aghion and Howitt (1988) were among the first

to introduce renewable resources into an endogenous growth framework. They con-

cluded that long-run growth generated from knowledge accumulation in the inter-

mediate goods is possible. The paper formally derived conditions for such a result.

Renewable resources in their model can be interpreted as environmental quality,

fisheries and forests. In addition, Tahvonen and Kuuluvainen (1991) constructed a
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theoretical model of renewable resources and endogenous growth. Their conclusion

was that long run growth is possible, although the paper did not consider the cost

of extracting resources.

On the other hand, as can be seen in “Are There Limits to Growth?” , Stokey

(1998) employed a simple AK model with pollution having a similar law of motion

to renewable resources. In this instance, the result of the paper was that a positive

growth rate of the economy cannot be sustained. The underlying intuition is that

as the capital stock grows, tighter emission regulation will be imposed, which will

reduce the rate of return on capital. When the rate of return becomes sufficiently

low, there will be no incentive for capital accumulation and economic growth can no

longer persist.

McAusland (2005) approached a similar conclusion under a closed economy model.

In his model, the failure to generate long-run growth came from the fact that the

government failed to adequately assign property rights. In other words, the renew-

able resource was assumed to be under an open access management regime. The

model employed the renewable resource as a final good essential to consumers and

was based on the rationale that labor is a competing input for harvesting renewable

resources and creating human capital. Under open access, labor would shift too

greatly toward the harvest sector, leading to resource overexploitation and a zero-

growth steady state in the most optimistic scenario. If the resource stock is exploited

to the point of collapse, long-run growth undoubtedly becomes impossible. Sustain-

able growth cannot be created in this closed system. Nevertheless, opposite results

were reached when the country is assumed to open up opportunities for trade. There

is a vast strand of literature that looks at the combination of endogenous growth,

renewable resources and trade. However, trade is not the main purpose of this paper,

so it is not factored herein.

The next part of this paper will outline the basic framework of the model. It
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will describe the production of final good, manufacturing goods and harvest good.

Subsequently, the paper will examine the role of renewable resources under differ-

ent management regimes. It will evaluate the general equilibrium and steady state

growth rate of the economy in the cases of both open access and full property rights.

In addition, there will be a brief discussion about the steady state variables under the

two management regimes. The paper will then compare the development path and

welfare level between these regimes. For the welfare comparison, the paper supposes

that the economy begins at the steady state level under full property rights and then

switches to open access. Finally, the paper reaches conclusion

2.2 Model

This model is set under a closed economy. Suppose an economy begins with full

property rights and later changes to open access 1. On the production side, the

economy has three productive sectors: the final good sector, manufacturing sector

and harvest sector. The market structure for the final good is perfectly competi-

tive. It employs labor, harvest good and differentiated manufacturing goods. For

the manufacturing sector, the model is developed from Peretto (2010) in which an

incumbent firm hires labor to produce the good and conducts in-house R&D activity.

This R&D generates positive externality in terms of knowledge spillover to the whole

manufacturing industry and it is, in fact, an engine for long-run economic growth.

The market structure in this industry is monopolistically competitive such that an

incentive for firms to undertake R&D is present. Although there is an opportunity for

a new entrepreneur to enter the market, there is also a constant fixed entry cost that

creates a disadvantage if the newcomer produces an existing product. As a result,

the newcomer will not produce the same product as an incumbent manufacturing

firm. For the harvest sector, the renewable resource follows a logistic growth func-

tion and harvest technology is a well-known Schaefer production function, in which

1 The regime switch is chosen in this order because the transitional dynamics for open access is a
lot simpler than that for full property rights.
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harvest amount depends on labor, TFP of harvest production, and existing stock of

the resource Schaefer (1957)2. In addition, a competitive household supplies labor

and renewable resource in a competitive setting. It also borrows or lends in a per-

fectly competitive financial asset market. Moreover, it chooses the consumption path

and the level of harvest production in order to maximize the present value of utility.

However, the level of harvest activity will vary based on the type of management

regime. The model roadmap is outlined in Figure 2.1.
2.2.1 Final Output Market

Assuming wage is normalized to 1, a competitive final-output firm employs labor

from the household, harvest good and manufacturing goods in order to produce final

good pY q, with the production technology

Y � ALβYH
α

» N
0

X1�α�β
i (2.1)

The technology is Cobb-Douglas, which exhibits a decreasing return to scale for

each individual input but a constant return to scale for all factors of production.

A ¡ 0 represents a total factor of production (TFP) for the production of final

output, whileβ, α and 1 � α � β are the factor income shares related to labor,

harvest and manufacturing goods, respectively. In the competitive setting, harvest

good and labor are paid up to their marginal products. A representative final-output

firm maximizes its profit by equating net marginal products to their factor prices.

The demand for each factor of production is as follows.

LDY � βPY Y (2.2)

HD �
αPY Y

PH
(2.3)

2 The main results do not change when applying other functional forms. They only generate more
mathematical complication.
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XD
i �

�
p1� α � βqAPYLβYH

PXi

� 1
α�β

(2.4)

2.2.2 Intermediate Manufacturing Market

The model for manufacturing goods is developed from Peretto (2008), which allows

for both horizontal and vertical innovation. Horizontal innovation includes an ex-

pansion of products or number of firms while the latter is generated by an increase

in quality of products within the existing firms. This model was chosen because it is

tractable yet rich enough to capture the reality of the economy in the manufacturing

sector. Manufacturing goods are produced under a monopolistic competition, where

an existing firm can enjoy the profit margin which in turn creates an incentive for

the firm to conduct R&D. When the firm conducts R&D, common knowledge will

be created for the society that reduces the cost of future R&D. An entrepreneur

who wishes to enter the market can do so by comparing the net present value of

expected future profit with the entry cost. Given the nature of the market (Bertrand

price competition and positive entry cost), the new entrant would experience losses

if it decides to produce an existing product. As a result, each manufacturing firm

will produce only one type of product. This section will analyze the optimal price

strategy for an existing firm and then characterize an entry.

Incumbents

At a particular point in time, R&D technology exists for the economy to produce N

differentiated manufacturing goods pXiq. The production function for each firm is

given by

Xi � Zθ
i pLXi � φq (2.5)

where Zi represents firm-specific knowledge, θ is TFP of knowledge, LXi is labor
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employed to produce manufacturing good i, and φ is the fixed labor cost. The pro-

duction function exhibits an increasing return to scale. Moreover, a firm accumulates

knowledge according to R&D technology.

9Ziptq � κKLZi (2.6)

K �
1

N

» N
0

Zi (2.7)

(2.6) illustrates the dynamics of firm-specific knowledge that depends on the amount

of labor hired in the R&D sector pLZiq and its marginal productivity pκKq, which is

the product of an exogenous parameter pκq and the common knowledge pKq. When

allowing for firm symmetry, the common knowledge is approximated as the average

knowledge of the manufacturing industry.

An existing manufacturing firm chooses the price of manufacturing good pPXiq

and labor allocated to the R&D sector pLZiq in order to maximize the present value

of the returns from improving the quality of the product pViptqq given the demand

for good Xi (2.4) from the final output producers and research technology (2.6).

Viptq �
» 8

t

e�
³s
t prpvq�δqdvΠXipsq ds (2.8)

where e�δt is an instantaneous probability of death. This parameter is introduced

in order to allow firms to exit the market during the transitional dynamics.3

ΠXi � pPXi � Zθ
i qXD

i � φ� LZi (2.9)

Solving Current Value Hamiltonian pCVHq and imposing firm symmetry (see

Appendix for Proof )

PXi �
1

p1� α � βqZθ
i

(2.10)

3 It is analogous to an investment depreciation rate.
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rZi � κ

�
p1� α � βq2θPY Y

N
�
LZ
N

�
� δ (2.11)

Entrants

This paper assumes that there is free entry into the manufacturing industry.

However, before entering the sector, an entrepreneur has to pay a sunk entry cost

pψPXiXiq, which is proportional to the expected revenue. As a result, an entrepreneur

will only enter the sector if the present value of net cash flow outweighs the entry

cost. To be specific, if Viptq ¡ ψPXiXi, an infinite amount of resources would be

dedicated to the expansion of product variety; hence, this condition cannot hold

in the equilibrium. On the other hand, if Viptq   ψPXi,Xi, no resources would be

devoted to the diversification of manufacturing products, so the number of firms will

be constant over time. Thus, the free-entry condition suggests that the present value

of net cash flow has to equal the entry cost.

Viptq � ψPXiXi (2.12)

In equilibrium, rNi �
ΠX
Vi
� 9Vi
Vi

, the rate of return on a new product is (see Appendix

for Proof )

rNi �
1

ψ

�
α � β �

N

p1� α � βqPY Y

�
φ�

LZ
N


�
�

9PY Y

PY Y
�

9N

N
� δ (2.13)

After imposing firm symmetry, (2.12) becomes

V ptq � ψPXX � γ
PY Y

N
(2.14)

where γ � ψp1� α � βq.
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2.2.3 Renewable Resources

Regardless of management regime, a competitive household harvests renewable re-

source from an existing stock, denoted Sptq. For simplicity, the natural growth of the

renewable resource, denoted GpSptqq, is assumed to follow a logistic growth function.

This function is widely adopted in the theoretical literature and extensively applied

to fisheries.

GpSptqq � ηSptq
�

1�
Sptq
S̄



(2.15)

where η represents the intrinsic growth rate, and S̄ is the carrying capacity, the

maximum amount of resource stock a country can possess when there is no harvest

activity.

9Sptq � GpSptqq �Hptq (2.16)

Hptq � BLHptqSptq (2.17)

The dynamics of the stock depend on the function GpSptqq and the amount of

harvest good being produced pHptqq. Harvest production follows a Schaefer produc-

tion function (Schaefer 1957).4 The special feature of this production function is

that harvest production does not only depend on laborpLHptqq and TFP of harvest

production pBq, but also relies on the existing stock of renewable resource at a given

period pSptqq. The production function exhibits an increasing return to scale for

all factors of production. B is constant and can be viewed as theTFP of harvest

production or referred to as a “catchability coefficient”.

When GpSptqq ¡ Hptq, the natural growth of the resource is greater than the

harvest amount. As a result, the resource stock will increase. The result is opposite

when the harvest amount exceeds the natural growth of the resource. Finally, when

4 The model is sometimes referred to as the “Gordon Schaefer” model.
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GpSptqq � Hptq, the resource stock remains constant. In other words, the natural

growth of the resource allows a sustainable yield that can be harvested while the

economy maintains the same level of resource stock S.

It is obvious that the standard model of renewable resources involves a lot of

simplifications. However, the benefit from simplification is that the overall model

becomes more tractable such that the main economic implications are easier to un-

derstand.

2.2.4 Household and Resource Managers

A competitive household is endowed with L units of labor, and has to allocate its

labor into five different sectors: final good, manufacturing goods, harvest good, R&D

innovation and start-up activities. Without loss of generosity, the model assumes

no population growth and no preference for leisure. The utility function for the

household is given as

Uptq �
» 8

0

e�ρt logCptq dt (2.18)

where ρ ¡ 0 is the rate of time preference and Cptq is the aggregate real con-

sumption at time t

Households earn income from assets, labor and revenue from the harvest sec-

tor. Assets are in the form of ownership claims on capital such as stocks issued by

manufacturing firms. Total income from financial assets is therefore the product of

the rate of return per unit of asset prptqq and the amount of assets paptqq that the

households possess. Households also earn wage income from labor. Since the labor

market is competitive, they receive the same wage rates across sectors. In addition

to labor and asset incomes, households receive revenue from selling harvest goods.

Total income is spent on consumption goods pPCptqCptqq or used to accumulate more

assets. As a result, the aggregate wealth constraint for each household is

9aptq � rptqaptq � L� LH � PHptqHptq � PCptqCptq (2.19)
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A competitive household chooses the consumption path and harvest amount that

maximizes its lifetime utility (2.18) subject to a flow budget constraint (2.19) and

the dynamics of the resource stock (2.16) 5.

Solving Current Value Hamiltonian for the household, the optimality conditions

for a competitive household can be written as:

1

PCC
� λa (2.20)

rλa � ρλa � 9λa (2.21)

λa

�
PH �

1

BS

�
¼ λS (2.22)

λa
H

BS2
� λSη

�
1�

2S

S̄



� ρλS � 9λS (2.23)

where λa and λS represent shadow values of financial assets and resource stock,

respectively. (2.20) explains that a household equates marginal utility of consump-

tion to the shadow value of assets. (2.22) represents a tradeoff between resource

stock and financial assets. To be specific, the shadow value of assets has to be equal

to the shadow value of resource stock adjusted for profit per unit of producing har-

vest good. After some manipulation from (2.20) and (2.21), we get a familiar Euler

Equation

ra � ρ�
9C

C
�

9PC
PC

(2.24)

The equation suggests that households choose consumption so as to equate the

rate of return on saving, ra, to the rate of return on consumption.

So far, the layout of the problem is the same regardless of resource manage-

5 Note that ΠH � PHH �WHLH

16



ment regime. However, the next section will explain the differences between the two

extreme cases.
2.3 Resource Management Regimes

2.3.1 Open Access Regime

An agent in an open access economy does not consider the dynamics of the resource

stock. Agents will harvest resource until profit from the harvest sector is equal to

zero. Rent dissipates to zero accordingly, which implies that the shadow value of

resource stock is equal to zero. Letting“oa” denote open access and setting λS � 0,

(2.23) is eliminated and in equilibrium, (2.22) becomes

PH,oaptq �
1

BSoaptq
@t (2.25)

Note that if the price of harvest good is higher than its unit cost, there will be

an infinite amount of labor in the harvest sector which would halt the economy.

On the other hand, if the price is lower than the unit cost, nobody will harvest the

resource. But since harvest good is an essential input for the economy, it is rational to

only consider the interior solution for the harvest production function. Therefore, in

equilibrium, the price of harvest good must equal the unit cost of harvesting at every

point in time. Given the demand for harvest good from the final good producers

(2.3), a temporary equilibrium for harvest good is

Hoaptq � αBSoaptqPY,oaptqYoaptq @t (2.26)

General Equilibrium for Open Access Regime

The general equilibrium conditions are as follows:

Final Good Market Clearing Condition

Yoa � Coa (2.27)
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Due to the setting of the economy, final output is only used for consumption.

In equilibrium, the amount of final good produced in the economy must equal the

amount of consumption.

Labor Market Clearing Condition

Loa � LY,oa � LH,oa � LX,oa � LZ,oa � LN,oa (2.28)

Given a perfectly inelastic labor supply (no preference in leisure), (2.28) states

that in equilibrium, full employment must be fulfilled. In particular, given the endow-

ment of labor, a household must allocate its labor among the various sectors in the

economy: final-output production, manufactured-goods production, harvest-good

production, knowledge production and entrepreneurship (see Appendix for Proof).

Asset Market Clearing Condition

roa � ra,oa � rZ,oa � rN,oa (2.29)

(2.29) states that the rate of return from equity issued by manufacturing firms

must equal the rate of return from financial assets that consumers hold. It should also

equal the rate of return from knowledge and the rate of return on developing a new

product. If this condition does not hold, there will be some arbitrage opportunity

and market mechanisms will adjust these rates until they are equalized.

Another way to represent an equilibrium in the asset market is to have the value

of the assets held by households be equivalent to the value of the stocks issued by

firms, such that

aoa � NoaVoa � γPY,oaYoa (2.30)

After imposing firm symmetry, the benefit of using this model is that one dynamic

equation can be eliminated so the problem can now be solved analytically. To be
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specific, substituting (2.24) and (2.30) into (2.19)6, a constant rate of saving can be

expressed as

PY,oaYoa � L

PY,oaYoa
� γρ @t (2.31)

Defining yoa �
PY,oaYoa

L
as per capita expenditure, (2.31) can be written as

yoa �
1

1� γρ
(2.32)

(2.32) states that nominal expenditure per capita for an open access economy

is constant at every point in time. This result appears from the Cobb-Douglas

production function. It is very useful in analyzing the steady state and transitional

dynamics of variables of interest. In particular, when yoa is constant, it implies that

r � ρ.

Proposition 1: If the number of existing entrepreneurs is sufficiently large, the

growth rate of knowledge in the manufacturing sector will be zero

Proof : Using (2.11) and imposing firm symmetry, the return on knowledge is

Ẑoa � κ
LZ,oa
Noa

�

#
κp1� α � βq2θ yoa

noa
� pρ� δq if noa   n̄oa

0 if noa ¥ n̄oa
(2.33)

where noa � Noa
Loa

and n̄oa � κθp1 � α � βq2 yoa
pρ�δq

, which is the threshold for the

economy to start engaging in R&D activities. (2.33) demonstrates that the growth

rate of knowledge will be positive if and only if the firm size or market share for

each manufacturing firm py{nq is relatively large. In contrast, if there are a lot of

manufacturing firms per capita in the economy such that the firm size or market share

is relatively small, the profit margin for each firm will be smaller. As a result, there

will be no incentive for those firms to conduct R&D and the growth rate of knowledge

will be zero. Substituting (2.24), (2.27) and (2.33) into (2.13), and making it in terms

6 In equilibrium, profit from the harvest sector becomes zero.
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of per capita, the expansion of product variety or number of manufacturing firms can

be solved as

n̂oa �

$&%
1
ψ

�
α � β � θp1� α � βq � 1

p1�α�βq

�
φ� pρ�δq

κ

	
noa
yoa

�
� pρ� δq if noa   n̄oa

1
ψ

�
α � β � φ

p1�α�βq
noa
yoa

�
� pρ� δq if noa ¥ n̄oa

(2.34)

Note that the growth rate of product variety is negatively related to the entry

cost and fixed labor cost of producing good X.

2.3.2 Full Property Rights Economy

In a full property rights regime, households take into account the dynamics of the

renewable resource stock. As a result, the shadow value of resource has to be positive,

and there is a tradeoff between holding assets and conserving resources. Letting

“pr” denote property rights, a household’s Euler equation, optimality conditions

and budget constraint (2.19) become

rpr � ρ�
9Cpr
Cpr

�
9PC,pr

PC,pr
(2.35)

1

PC,prCpr
� λa,pr (2.36)

1

PY,prYpr

�
PH,pr �

1

BSpr



� λS,pr (2.37)

1�
PH,pr � 1

BSpr

	 � H

BS2
pr



� η

�
1�

2Spr
S̄



� ρ�

9λS,pr
λS,pr

(2.38)

9apr � ra,prapr � L�
�
Hpr

BSpr



� PH.prHpr � PC,prCpr (2.39)
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Unlike in an open access economy, (2.37) implies that the profit from the harvest

sector is now positive due to positive values of λS,pr and PY,prYpr

General Equilibrium for Full Property Rights Regime

With a normalized wage, the general equilibrium conditions are the same as those

in an open access regime. To gain further insight about how a full property rights

economy behaves, the analysis will begin similarly to that for open access. It is easy

to see that the value of assets from the household side must again equal the total

value of stocks issued by the manufacturing firms.

apr � NprVpr � γPY,prYpr (2.40)

Taking log and differentiating (2.40) with respect to time, and substituting into

(2.39),

yprptq �
�

1

1� α � γρ


�
1�

Hprptq
LBSprptq



�
�

1

1� α � γρ


�
1�

LH,prptq
L



(2.41)

Note that the parameter restriction LBSprptq ¡ Hprptq has to hold for all points

in time in order to ensure a positive value of nominal expenditure per capita in a full

property rights regime.

(2.41) indicates that nominal expenditure per capita in this case consists of two

components: the first is income gain from economic activities and the second is

income forgone at present from not overexploiting the resource stock. This can be

viewed as another type of savings in terms of conserving renewable resources for the

future rather than holding financial assets. Unlike in an open access economy, the

nominal expenditure per capita in this economy is no longer constant at every point

in time. It depends on the labor employed in the harvest sector, which is determined

by the ratio of harvest good produced to existing stock of resource in the economy�
Hpr
Spr

	
.
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2.4 Steady State Analysis

2.4.1 Open Access Economy

Let “*” denote a variable of interest evaluated at the steady state. At the steady

state, the growth rate of both the renewable resource and the number of manufac-

turing firms is equal to zero.

Proposition 2: Under an open access regime

i) The steady state stock of renewable resource is positive if and only if ηp1�γρq ¡

αBL. If not, then the tragedy of the commons occurs pS � H � 0q.

ii) Given a positive value of nominal expenditure per capita, and the parameter

restriction in i) holds, the steady stock of renewable resource is stable and unique.

Proof : Using (2.15) and (2.26), and setting (2.16) to zero, the steady state stock

of renewable resource in an open access economy becomes

S�oa � S̄

�
1�

αBLy�oa
η



¡ 0 iff (2.42)

Substituting y�oa
7, the parameter restriction that generates a positive steady state

value of resource stock becomes

η ¡
αBL

1� γρ
(2.43)

The steady state level of harvest good produced is obtained by replacing (2.42)

in (2.26)

H�
oa � αBLy�oaS̄

�
1�

αBLy�oa
η



(2.44)

If (2.43) is not satisfied, the renewable resource will become extinct and the

unique steady state will be at S � H � 0. This result would halt the economy

because the harvest good is an essential input for producing the final good. Therefore,

7 Since yoa is a constant, yoa � y�oa
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this condition is a crucial assumption for the economy to generate long-run growth.

In particular, the intrinsic growth rate of renewable resource should be sufficiently

high relative to labor endowment, nominal expenditure per capita, income share of

harvest production and capital used in the harvest sector.

For the manufacturing sector, setting (2.34) to zero, the steady state level of

number of manufacturing firms in the economy is

n�oa �

$&%
κp1�α�βqpα�β�θp1�α�βq�pρ�δqψq

φκ�(ρ�δq
y�oa if α�β�θp1�α�βq�pρ�δqψ

φκ�pρ�δq
  θp1�α�βq

pρ�δq

p1�α�βqpα�β�pρ�δqψq
φ

y�oa if α�β�θp1�α�βq�ρψ
φκ�pρ�δq

¥ θp1�α�βq
pρ�δq

(2.45)

y�oa
n�oa

�
pφ� pρ�δq

κ
q

p1� α � βqpα � β � θp1� α � βq � pρ� δqψq
(2.46)

Considering positive horizontal and vertical innovation, the steady state growth

of knowledge is

Ẑ�
oa �

κθp1� α � βqpφ� pρ�δq
κ
q

pα � β � θp1� α � βq � pρ� δqψq
� pρ� δq (2.47)

Consequently, the steady state growth rate of the economy under an open access

management regime becomes

g�oa � p1� α � βqθẑ�oa (2.48)

g�oa � p1� α � βqθ
�
κθp1� α � βq2

y�oa
n�oa

� pρ� δq



(2.49)

Note that the steady state growth rate of the economy does not depend either

on labor endowment pLq or renewable resource endowment pSq. However, both

endowments play an important role in economic growth along the transition path.
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2.4.2 Full Property Rights Economy

At the steady state, (2.41) becomes

y�pr � ϕ

�
1�

H�
pr

BLS�pr



(2.50)

where ϕ � 1{p1� α � γρq.

Using (2.3) for PH,pr and substituting y�pr into (2.37), the function is quadratic in

H but only one value of H is valid (see Appendix for Proof ),

H�
pr �

1

2

��p1� γρq
λS,pr

�BLSpr �

d�
p1� γρq
λS,pr

�BLSpr


2

�
4αBLSpr
λS,pr

�� (2.51)

Setting 9λS � 9λa � 0, (2.16) and (2.38) can be written as8

H�
pr � ηS�pr

�
1�

S�pr
S̄



(2.52)

H�2
pr

αϕBLS�2
pr � pαϕ� 1qH�

prS
�
pr

� η

�
1�

2S�pr
S̄



� ρ (2.53)

Substituting (2.52) in (2.53), the function is quadratic in S and again, the positive

value of S�pr is chosen.

When S�pr is constant, (2.50) and (2.52) infer that harvest good produced and

nominal expenditure per capita are also constant. As a result, growth analysis in the

steady state will be carried out like in the open access case.

Given that nominal expenditure per capita is constant pr � ρq, (2.41) becomes

8 Note that λS � 0 can be a steady state level in this full property rights regime. However, focus
will be on a positive value of λS ; otherwise, the steady state value will be the same as in the open
access regime.
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y�pr �
�

1

1� α � γρ


�
1�

L�H,pr
L



(2.54)

Again imposing firm symmetry, the return on knowledge now depends on the

ratio of nominal expenditure to number of manufacturing firms per capita

Ẑpr � κ
LZ,pr
Npr

�

$&%κp1� α � βq2θ y
�
pr

n�pr
� pρ� δq if npr   n̄pr

0 if npr ¥ n̄pr
(2.55)

where n̄pr � κθp1 � α � βq2 y�pr
pρ�δq

. Moreover, the growth of the number of manu-

facturing firms becomes

n̂pr �

$&%
1
ψ

�
α � β � θp1� α � βq � 1

p1�α�βq

�
φ� pρ�δq

κ

	
n�pr
y�pr

�
� pρ� δq if npr   n̄pr

1
ψ

�
α � β �

�
φ

p1�α�βq

	
n�pr
y�pr

�
� pρ� δq if npr ¥ n̄pr

(2.56)

Setting n̂pr � 0, it can be shown that

y�pr
n�pr

�
φκ� pρ� δq

κp1� α � βqpα � β � θp1� α � βq � pρ� δqψq
(2.57)

Ẑ�
pr � κθp1� α � βq2

y�pr
n�pr

� pρ� δq (2.58)

g�pr � p1� α � βqθẐ�
pr � p1� α � βqθ

�
κθp1� α � βq2

y�pr
n�pr

� pρ� δq



(2.59)

At the steady state, the growth rate of the economy is the same under the two
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regimes of renewable resource management.

2.5 Steady State Comparison

Proposition 3: Considering the steady state variables between the two regimes,

i) S�oa   S�pr

The steady state level of resource stock in the open access economy is lower than

in the full property rights one. The outcome is very intuitive because under full

property rights, agents harvest the renewable resource by taking into account the

long-run availability of the resource stock. On the other hand, open-access leads to

uncontrolled exploitation.

ii) H�
oa ¡ H�

pr

The steady state harvest level in the open access economy is higher because the rent

associated with resource stock dissipates to zero, and the price of harvest good equates

to the unit cost. As a result, the steady state price of harvest good in the open access

regime is lower than in the full property rights regime. Consequently, the level of

harvest activity in the open access regime is higher.

Proof : Assuming that i) is true, substitute (2.51) into (2.50) and impose a non-

negative value of nominal expenditure

iii) y�oa   y�pr

Intuitively, the nominal expenditure per capita in the open access economy is lower

because profit from the harvest sector is equal to zero (rent dissipates to zero instan-

taneously at every point in time). In the full property rights economy, conserving

resource stock is considered to be one kind of savings for the future, and thus results

in higher nominal expenditure per capita at the steady state.

Proof : Assuming that i) and ii) are true, iii) can be proven by contradiction
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iv) n�oa   n�pr

The number of manufacturing firms is positively related to the level of nominal ex-

penditure per capita. Since the steady state nominal expenditure per capita is lower

in the open access economy, the number of manufacturing firms per capita in that

regime is correspondingly smaller.

Proof : Derive from iii)

v) y�oa
n�oa

� y�pr
n�pr

At the steady state, the ratio of nominal expenditure to number of manufacturing

firms per capita is equal between the two regimes.

Proof : Set (2.34) and (2.56) to zero

vi) Ẑ�
oa � Ẑ�

pr

Recall that the steady state growth rate of knowledge only depends on the ratio of

nominal expenditure to number of manufacturing firms or products per capita
�
y�

n�

	
.

Since the ratio is equivalent in both regimes, the steady state growth rate of knowledge

is also the same.

vii) g�oa � g�pr

Since the growth rate of the resource stock and the growth rate of the number of

manufacturing firms are both zero at the steady state, the growth rate of the economy

is then proportional to the growth rate of knowledge, and is the same across the two

regimes.

2.6 Development Path

Recall that nominal expenditure per capita in the open access regime is fixed at every

point in time. Now assume that the ratio of harvest good produced to existing stock
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of renewable resource pH{Sq in the full property rights regime is constant such that

nominal expenditure per capita in this regime is also fixed. From a developing stage

(no R&D activity), the time it takes for the economy to transition to the developed

stage (positive R&D activity) is dependent on the resource management regime and

the initial number of manufacturing firms per capita. The development threshold is

reached when the firm size becomes sufficiently large as a result of the decline in the

number of firms over time. As a result, there will be an incentive for the remaining

firms to conduct R&D. To be specific,

ẐJ � κ
LZ,J
NJ

�

#
κp1� α � βq2θ yJ

nJ
� pρ� δq if nJ   n̄J

0 if nJ ¥ n̄J
(2.60)

n̂J �

$&%
1
ψ

�
α � β � θp1� α � βq � 1

p1�α�βq

�
φ� pρ�δq

κ

	
nJ
yJ

�
� pρ� δq if nJ   n̄J

1
ψ

�
α � β �

�
φ

p1�α�βq

	
nJ
yJ

�
� pρ� δq if nJ ¥ n̄J

(2.61)

n̄J � κθp1� α � βq2
yJ

pρ� δq
(2.62)

Figure 2.2 demonstrates the differential equation for the number of manufacturing

firms. When the number of firms is above the threshold (at Point A), there will be

no growth of knowledge pẐ � 0q and the rate of decline in the number of firms will

correspond to the second line of n̂J . In contrast, when the number of firms is below

the threshold (at Point B), there will be a positive growth of knowledge while the

rate of change in the number of firms will correspond to the first line of n̂J .

Resource Management Regimes

It can be seen from (2.60), (2.61), (2.62) that n̄pr ¡ n̄oa.
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Proof : n̄J � κθp1� α � βq2 y�j
pρ�δq

and y�pr ¡ yoa

The threshold for accumulating knowledge depends on the number of manufactur-

ing firms per capita. If the number becomes sufficiently small, the firm size becomes

relatively large, providing an incentive for the firms to conduct R&D and accumulate

knowledge, which is the source of long-run growth. Given the same number of man-

ufacturing firms, the firm size is larger under full property rights than under open

access due to higher nominal expenditure per capita. Therefore, under full property

rights, the development threshold occurs at a higher number of firms and is reached

sooner on the development path.

Suppose the parameters are such that the growth rate of knowledge has a unique

and positive steady state growth rate, the development paths for the two resource

management regimes are depicted in Figure 2.3. In particular,

Case i : where np0q ¡ n̄pr

The economy starts with no R&D innovation regardless of the resource manage-

ment regime. Under full property rights, the economy will begin to engage in R&D

activities and enjoy positive growth of knowledge after the number of manufacturing

firms falls below point A. However, under open access, the economy would begin the

R&D process later, once the number of manufacturing firms falls further below point

B.

Case ii: where npr ¡ np0q ¡ n̄oa

The economy under full property rights enjoys positive growth of knowledge from

the start, but the economy under open access does not. In the latter case, the

dynamics of the number of manufacturing firms will move along the dashed-red line

until it reaches point B. Only at that time would the economy initiate R&D and

enjoy positive growth of knowledge as well.

Case iii: where np0q   n̄oa
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The economy under both regimes is in the positive growth of knowledge stage.

2.7 Transitional Dynamics in an Open Access Case

2.7.1 Dynamics for Number of Manufacturing Firms Per Capita (n)

Assuming the interior steady state involves both vertical and horizontal innovation

and positive steady state resource stock, the transitional dynamics for the number

of manufacturing firms in the economy can be written as a logistic equation9

n̂oaptq � χ0 � χ1noaptq (2.63)

where χ0 � 1
ψ
pα � β � θp1� α � βqq � pρ� δq, χ1 �

pφ� pρ�δq
κ q

ψp1�α�βqy�oa

which has the solution

noaptq �
n�oa

1�
�

n�oa
noap0q

� 1
	
e�χ0t

(2.64)

where noap0q denotes the initial number of manufacturing firms in the open access

economy.

When the number of firms is higher than the steady state level, there are too

many firms in the economy. As a result, there will be a decrease in the rate of

return on knowledge and the present value of manufacturing firms, so some firms

will no longer make a profit and exit the market. The opposite result occurs when

the number of firms is lower than the steady state level.

2.7.2 Dynamics for Renewable Resource Stock

Given a positive steady state level of renewable resource along with the Schaefer

production function, the dynamics for the resource stock can also be displayed in the

form of a logistic function.

9 See Banks (1994)).
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Ŝoaptq � ν �
Soaptq
S̄

, ν � η �
αL

1� γρ
(2.65)

The solution yields

Soaptq �
S�oa

1�
�

S�oa
Soap0q

� 1
	
e�νt

(2.66)

where Soap0q is the initial level of resource stock.

(2.66) states that if the initial stock of the renewable resource is lower than the

steady state level, the price of harvest good, which is negatively related to the stock,

will be high. This condition lowers the demand for harvest good, which in turn

allows the resource stock to accumulate to the steady state level. If the initial stock

is higher than the steady state level, the opposite occurs.

2.7.3 Dynamics for the Growth Rate of the Economy

The growth rate of the economy is equal to the growth rate of consumption, which

is equivalent to the growth rate of the final output. Log differentiating (2.1), the

growth rate of the economy becomes

ĝoa � ĉoa �
{�Yoa
L



(2.67)

ĝoa � βL̂Y,oa � αŜoa � p1� βqn̂oa � p1� α � βqθẐoa (2.68)

(2.68) states that the dynamics of economic growth depend on the growth rate of

i) labor employed in final output (which is zero in this setting), ii) stock of renewable

resource, iii) number of entrepreneurs, and iv) knowledge. At the steady state,

Ŝ � n̂ � 0. The dynamics of economic growth can behave as follows:
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Case 1: If the economy starts with a low (high) level of resource stock and a

low (high) level of manufacturing products, economic growth will increase (decrease)

until it reaches the steady state growth rate.

(2.68) suggests that if Sp0q and np0q are lower (higher) than the steady state

values, the growth rate of the economy will start above (below) the steady state

rate. This is because when the economy has a low (high) level of resource stock, the

price of harvest good will be high (low). As a result, the final good producers will

demand a small (large) amount of harvest good and allow the resource to accumulate

(deplete) or Ŝ ¡ 0 pŜ   0q.

A similar principle applies to the manufacturing sector. When np0q is relatively

low (high), the growth rate of knowledge is high (low), which provides an incentive

(disincentive) for new entrepreneurs. Consequently, the number of manufacturing

firms will grow (shrink) but at a decreasing rate until it converges to the steady

state number.

Case 2: If the economy starts with a high (low) level of resource stock and

a low (high) level of manufacturing products, the dynamics of economic growth

are ambiguous. The dynamics will depend on the relative magnitudes of the two

opposing forces, namely the growth rate of the resource stock and the growth rate

of the number of manufacturing firms.

2.8 Welfare analysis

Suppose the economy starts out at the steady state level of full property rights and

continues until period t � 0. At that time, the economy switches to an open access

regime due to the failure of property rights. There are two kinds of change that

follow. The first is an instantaneous change in the welfare level at the time of regime

switch pt � 0q and the other is a transitional change for the economy to converge to

a new steady state level.
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2.8.1 Baseline Consumption Path

Before further analysis will take place, it is useful to characterize some important

variables related to the welfare analysis. Suppose prior to the regime switch, the

economy was carrying on at the steady state level of consumption under full property

rights. At time t � 0, if there is no change in policy, the consumption per capita

under full property rights can be written as:

cprpt � 0q � Φy�prpP �
H,prq�αpn�prqα�βpZ�

prqθp1�α�βq (2.69)

where Φ � Aββααp1 � α � βq2p1�α�βqLpα�βq. The consumption path under no

switch of regime is referred to as the “baseline consumption path” and it grows at

the rate g�pr.

2.8.2 Instantaneous Change in Consumption

Proposition 4: Consumption per capita drops after the regime switch from full prop-

erty rights to open access if and only if

y�pr
P �α
H,pr

¡
yoa

Pα
H,oap0q

(2.70)

Proof : At t � 0, the the resource management regime switches to open access

and the consumption level becomes

coapt � 0q � ΦyoapPH,oaq�αpn�prqα�βpZ�
prqθp1�α�βq (2.71)

Notice that the only differences between (2.69) and (2.71) are nominal expendi-

ture per capita and the price of harvest good because the number of manufactur-

ing firms and knowledge stock are state variables that can only adjust over time.

For nominal expenditure per capita, it was proven in the previous section that

33



y�prp0q ¡ yoap0q for @t. However, the price of harvest good deserves additional con-

sideration. Specifically,

P �
H,prp0q � λ�Sy

�
pr �

�
1

BS�pr



(2.72)

When the regime switches to open access, λS � 0, so the price of harvest good

then decreases instantaneously.

P �
H,oap0q �

�
1

BS�pr



(2.73)

Switching from full property rights to open access results in a tradeoff between

nominal expenditure per capita and price of harvest good. Under open access, nom-

inal expenditure per capita is lower because the rent generated from the harvest

sector now disappears. However, agents can now harvest the resource at a higher

rate, which then reduces the price of harvest good. As a result, the instantaneous

change in consumption after the regime switch is indeterminate. It depends on the

magnitude of the fall in nominal expenditure per capita relative to the fall in price

of harvest good. Figure 2.4 shows the transitional dynamics for nominal expenditure

per capita and price of harvest good. It is important to note that the economy will

later experience a gradual increase in the price of harvest good as the renewable re-

source becomes scarcer, which will be a factor in reducing the welfare of the economy

in the long run.

2.8.3 Transitional Change in Consumption Path

After the initial instantaneous change in consumption, the economy will start to

transition to the steady state of consumption growth under an open access regime,

which has the same slope as that under full property rights. In order to evaluate the

transitional path, substitute (2.73) into (2.71) and take log
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log coaptq � log Φ� log yoa � α logB � logDptq (2.74)

where Dptq � S(t)αnptqpα�βqZptqθp1�α�βq. This will determine the transitional

dynamics of TFP from full property rights to the steady state open access economy.

D̂ � θp1� α � βqẐ � pα � βqn̂� αŜ (2.75)

At the steady state,

D̂� � θp1� α � βqẐ�
oa � θp1� α � βqẐ�

pr � g�pr � g�oa (2.76)

logDptq � pα � βq log nptq � α logSptq � θp1� α � βq logZptq (2.77)

Figure 2.5 displays the transitional dynamics for the growth rate of manufacturing

firms pn̂q, growth rate of resource stock
�
Ŝ
	

, growth rate of knowledge pẐq, and

transitional growth rate of consumption
�
D̂
	

.

Notice that Ẑ increases until it reaches the steady state level because i) Ẑ �

fnp y
n
q, ii) yoa is constant at every point in time, and iii) nptq decreases as time

increases. Ŝ and n̂ are negative for they have to approach the lower steady state

levels. Combining all the information qualitatively, two cases could happen with

differing consumption paths.

Case i): The slope of logDptq begins with a negative value, which implies that

consumption will fall at the beginning but eventually rise in order to get to the steady

state level of consumption growth. In other words, the slope of the consumption path

will be negative at first and then increase to the positive steady state rate. This case

occurs when initial Ŝ and n̂ are negative enough to outweigh the positive growth

of Z. Intuitively, at t ¥ 0, agents will harvest more than the optimal amount and
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cause resource stock to fall pŜ   0q. Moreover, as nominal expenditure per capita

decreases, the number of entrepreneurs starts to fall pn̂   0q. The corresponding fall

in number of products hurts consumption level but causes an increase in knowledge

stock over time. As a result, in the early stages after the regime switch, the level

of consumption starts to fall deeper from a downturn in both the resource stock

and number of manufacturing firms. Later, however, the downturn effect becomes

smaller and the positive effect of having higher knowledge starts to outweigh it. At

that point, consumption starts to increase until the steady state level of consumption

growth at g� is achieved.

Case ii): The slope of logDptq begins with a positive value but less than g�. The

consumption path will increase slowly at first and then converge to the same slope as

in the baseline path. Intuitively, the negative effect from a downturn in both n and

S is not strong enough to hinder the positive effect from the growth of knowledge.

Consumption per capita still increases but at a lower rate. As the economy converges

to a steady state, consumption grows faster until it reaches the steady state level of

consumption growth.

Figure 2.6 illustrates the possible consumption paths after an initial instantaneous

drop in consumption level following the change in resource management regime.

If consumption instantaneously drops after a regime switch, it can be seen that

the resulting consumption path is strictly below the baseline path. Consequently,

it can be implied that the welfare level is strictly lower when the economy changes

regime from full property rights to open access due to two effects. The first effect is

a cumulative loss of TFP (the slope of D is lower than that of the baseline) and the

second is an increase in the price of harvest good in the long run.

However, when (2.70) does not hold, the economy initially enjoys a higher level

of consumption because the decrease in the price of harvest good when switching

from full property rights to open access is very drastic. Nevertheless, as the stock of
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renewable resource becomes scarcer later on, the price of harvest good increases and

the consumption level eventually falls below the baseline consumption path before

finally increasing to converge on the same steady state growth rate (Figure 2.7).

Therefore, even with an initial rise in consumption level, it is apparent that the

consumption path and welfare level is lower in the long run when switching to open

access.
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2.9 Conclusion

This paper’s contribution is that it endogenizes the role of renewable resources,

which is an important factor of production for developing countries and mostly sup-

pressed in modern models of endogenous growth. The paper sets up two cases with

identical labor and resource endowment. Labor, the harvest good and a variety of

manufacturing goods are employed to produce a final good. The source of long-run

growth stems from vertical innovation. The only difference between the two cases

is in regard to the resource management regime. The first case is an open access

regime where resource ownership is ambiguous. A negative externality arises in the

sense that agents only consider the unit cost of harvesting without incorporating the

cost of depleting the future resource stock or, as represented in this model, λS � 0.

The other case is an optimal management regime of full property rights. Resource

owners, households in this case, internalize the dynamics of the resource stock in

order to determine the optimal level of harvest production. The model analyzed the

balanced growth path of the economy, transitional dynamics and welfare comparison

under the two different management regimes.

One of the main results of this paper is that, as long as the steady state resource

stock is positive, the two economies enjoy the same steady state growth rate . This

result derives from the fact that there are no “growth stimulating factors” such as

R&D in the resource sector. The steady state growth rate of the economy depends

solely on the steady state growth rate of knowledge, which is in turn dependent on the

ratio of nominal expenditure to number of manufacturing firms per capita. Although

nominal expenditure per capita in the steady state is higher under full property rights

than under open access, so is the number of manufacturing firms per capita. As a

result, this ratio is the same in the steady state regardless of management regime.

It can therefore be concluded that the steady state growth rate of the economy is
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equal under the two different management regimes.

Nonetheless, resource management does play an important role in the transitional

dynamics. In regard to the development path, a developing economy will cross the

development threshold sooner under full property rights than under open access.

In the context of this paper, the developing stage only involves the expansion of

product variety, which does not contribute to long-run growth. On the other hand,

the developed stage involves both expansion of product variety and R&D activities

that lead to knowledge accumulation, which is the source of long-run growth. Man-

ufacturing firms will conduct R&D if and only if the firm size is large enough to

provide an incentive for them to do so. The specific firm size that compels firms

to initiate R&D represents the development threshold. The more quickly firm size

grows to reach this threshold, the sooner the economy will engage in R&D activities

and accumulate knowledge. Coming from a developing stage, firm size grows as the

number of manufacturing firms declines over time. However, the firm size is larger

under full property rights than under open access, given the same number of firms.

As the result, the economy will take off and transition to the developed stage earlier

under full property rights.

Another main result of this paper is in regard to welfare comparison. Assume that

the country is in the developed stage where R&D activities and expansion of product

variety both take place. If full property rights collapse and the economy switches to

an open access regime, the ensuing welfare path is ambiguous. In particular, however,

if the fall in nominal expenditure per capita sufficiently outweighs the fall in price

of harvest good, the welfare level will be significantly lower after switching to open

access. After an initial drop in consumption level, the slope of the ensuing welfare

path (transitional growth rate of consumption) can be either negative or slightly

positive at the beginning before finally converging to the same slope as the baseline

bath prior to the regime switch. Either way, the welfare level is strictly below the
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baseline. Thus, switching to open access is welfare reducing because of a cumulative

loss of TFP. Moreover, as the resource stock is depleted, the price of harvest good

will eventually rise, further reducing welfare in the long run. Even in the case where

there is an initial rise in consumption level after the regime switch, the depletion

of resource stock and increase in price of harvest good would eventually cause the

consumption level to fall below the baseline path. Therefore, the welfare level would

still be lower in the long run in this case as well.

This model serves the main objectives of the paper in the sense that it is tractable

and relatively simple to follow, allowing the audience to understand how renewable

resources and endogenous growth intertwine. Nevertheless, this simplicity comes

with the costs of foregoing other real world considerations. For example, the model

does not consider technological development in the resource sector, which obviously

happens in reality. Moreover, the two resource management policies in this model

are at very extreme ends of the spectrum. In the real world, policies tend to be in

between these two extremes. The model also refrains from acknowledging concerns

about policy implementation, such as enforcement effort involving governance and

other institutions. It would be interesting if there is an extension of the model that

can capture these other pieces of reality.
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2.10 Appendix

2.10.1 Proof for Current Value Hamiltonian (CVH)

CV H �
�
PXi �WZθ

i

�
Xi �Wφ�WLZi � ziκKiLZi (2.78)

where zi is the shadow value of Zi. Differentiate (2.78) with respect to PXi, LZi

and Zi respectively.

PXi �
Wi

p1� α � βqZθ
i

(2.79)

WZi � ziκK (2.80)

If WZi ¡ ziκK, there will be no demand for labor in the R&D sector, and vice

versa.

9zi
zi
� rZi � κKθZ�θ�1

i Xi � δ (2.81)

Substitute (2.4) into (2.81) to get (2.11).

2.10.2 Proof for the Rate of Return on Entrepreneurship

Impose firm symmetry, and substitute PXX � p1�α�βqPY Y
N

into (2.12).

Vi � V � ψp1� α � βq
PY Y

N
(2.82)

Take log and time derivative of (2.8) and (2.82) to get

rN �
ΠX

V
�

9V

V
(2.83)

9V

V
�

9W

W
�

9PY Y

PY Y
�

9N

N
(2.84)
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Substitute (2.9) and (2.84) into (2.83) to get (2.13).

2.10.3 Proof for Equilibrium Amount of Harvest under Full Property Rights

For (2.40) to be positive, BLS�pr ¡ H�
pr. Therefore, (2.51) is the only solution because

H�
pr � H�

pr �
1

2

��p1� γρq
λS,pr

�BLSpr �

d�
p1� γρq
λS,pr

�BLSpr


2

�
4αBLSpr
λS,pr

�� ¡ BLS�pr

(2.85)
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3

Asymmetric Trade, Growth and Open Access
Renewable Resources

3.1 Introduction

The relationship between trade and welfare in the presence of open access renewable

resources has been discussed extensively in the literature. Brown (1995) and Lopez

(1997) empirically found that trade liberalization decreases welfare in the long run.

Sachs and Warner (1995), Rodriguez and Sachs (1999) , and Gylfason (2001) also

discovered a negative relationship between natural resource abundance and growth

rate of the economy. Sachs and Warner (1995) suggest that a greater abundance

of resources may cause economies to shift away from sectors that generate ongoing

growth. Rodriguez and Sachs (1999), meanwhile, suggest that resource-rich countries

are likely to live beyond their means during a transitional phase while their resource

stocks are being depleted. Finally, Gylfason (2001) associated resource-rich countries

with a more volatile exchange rate, which in turn is likely to prevent investment and

growth.

In addition, James and Scott (1997), Brander and Scott Taylor (1997), and Bran-
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der and Scott Taylor (1998) developed a two-country model of trade with open access

renewable resources, and they concluded that a resource-rich country can lose from

trade in the long run due to overexploitation of the resources. On the other hand,

Hannesson (2000) and Jinji (2006) extended Brander and Taylor’s model and found

opposite results. In particular, Hannesson (2000) added diminishing returns to the

manufacturing sector and concluded that the country may gain from trade even if

the renewable resource is under open access. This is because trade causes labor to

divert away from the diminishing-return sector to the harvest sector, resulting in

higher marginal return on labor and consequently, higher national income. In the

latter case, Jinji (2006) endogenized the carrying capacity of renewable resources and

suggested that free trade may increase resource stock in resource-exporting countries.

Using forestry as an example, the rationale was that the higher price of forest good

under free trade would increase the value of the forest stock, such that more land

and labor would be committed to the forestry sector.

The papers above, however, did not incorporate an endogenous growth frame-

work with possible welfare gain from innovation and research and development. Pre-

viously, Baldwin (1992), Grossman and Helpman (1991)G, and Taylor (1994) found

that trade liberalization may enhance welfare through dynamic effects on capital ac-

cumulation or on research and development, although renewable resources were not

considered in their analyses. So more recently, Peretto and Valente (2010) adopted an

endogenous growth framework to explore the relationship between trade and welfare

in the presence of renewable resources. Results indicated that trade has an ambigu-

ous effect on welfare depending on the elasticity of substitution between resources

and labor in the production of intermediate goods. Nonetheless, the dynamics of the

resource stock and the implications of an open access resource management regime

were not taken into account when evaluating the possible effects on welfare. To

bridge the gap, this paper will combine elements of open access renewable resources
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and endogenous innovation to analyze the effect of trade liberalization on welfare.

This paper incorporates the model of James and Scott (1997) while building

upon the endogenous growth framework of Peretto and Valente (2010). Only the

home economy, representing the resource-rich country, is endowed with the renewable

resource and produces the harvest good to be used domestically for the production of

its final good and to be exported internationally. The foreign economy, representing

the resource-poor country, exports its final good in exchange for the resource-rich

country’s final good and harvest good. The productivity of both economies stems

from endogenous innovation in the manufacturing sector. This paper shows that

the resource-rich country loses from trade when the rate of innovation is the same

in both countries. The welfare loss from free trade is due to two effects. The first

effect concerns the productive manufacturing sectors that generate ongoing growth.

Specifically, higher demand for the harvest good, from the combined domestic and

international demand, diverts labor away from the manufacturing sectors to the

harvest sector. Since the resource is under open access, the resource-access cost is not

realized and the potential profit dissipates to zero in the harvest sector. Therefore,

reallocation of labor to the harvest sector lowers the income of the resource-rich

country. As a result of this lower income, there is less incentive for entrepreneurs to

enter the manufacturing sectors, which in turn decreases the dynamic growth rate

of the economy. The second effect is consistent with James and Scott (1997). Under

autarky, the resource-rich country enjoys a larger resource stock and a lower relative

price of harvest good. When trade opens, harvest activity intensifies because of

additional demand from the resource-poor country. This leads to a depletion of the

resource stock in the resource-rich country, and as the stock falls, the price of harvest

good gradually increases. Since the harvest good is an essential input to produce the

final good, the amount of final good produced will also fall in the long run.

The open economy model will be explained in the next section. Subsequently,
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the general world equilibrium will be characterized. The paper will then analyze the

welfare effect of trade liberalization when the resource-rich country is under open

access.

3.2 The Open Economy Model

There are two countries in this model: home (H) and foreign (F). The home country

is endowed with labor and a renewable resource, while the foreign country is only

endowed with labor. Labor is homogenous and can move freely across sectors do-

mestically but not internationally. The renewable resource is employed to produce

a harvest good which, in turn, is used as one of the inputs to produce each coun-

try’s final good. Each country also produces intermediate manufacturing goods that

serve as the other inputs for its final good. The source of long-run growth comes

from variety expansion of manufacturing products. The model is summarized in

Figure 3.1

3.2.1 Household

Let j � h, f . A representative household of country j is endowed with Lj units of

labor. Without loss of generosity, the model assumes no population growth and no

preference for leisure. The lifetime utility is given by

U jp0q �
8»
0

e�ρt log ujptq dt (3.1)

where ρ ¡ 0 denotes the rate of time preference and uptq is the instantaneous

utility function at time t, which for each country is

uh �
�
Chh

�ε �
Cfh

�1�ε
(3.2)
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uf �
�
Cff

�ε �
Chf

�1�ε
(3.3)

The household’s utility for each country depends on the consumption levels of

domestic and imported final goods. Let Cjk denote the consumption level of the final

good produced by country j and consumed in country k, where j, k � h, f . Let ε

denote the domestic bias, where ε P r0, 5, 1q1. A country gets utility from consuming

imported goods, but the more the bias is, the less a representative household prefers

imported goods.

Let Ej denote the aggregate expenditure for country j. As a result, the instan-

taneous expenditure constraint for each country at each period is

Eh � P h
YC

hh � P f
YC

fh (3.4)

Ef � P f
YC

ff � P h
YC

hf (3.5)

Since each country’s final good is homogenous and there is no trade friction, the

law of one price holds across countries. To be specific, the prices of final goods sold

in the home and foreign countries are the same.

A representative household in the home country earns income from assets, labor,

and profit from the harvest sector, which is absent in the foreign country. Therefore,

the dynamic wealth constraints for the home and foreign countries are

9Ah � rhAh � whLh � Πh � Eh (3.6)

9Af � rfAf � wfLf � Ef (3.7)

1 ε � 1 because that would yield no trade
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Overall, a representative household in the home or foreign country chooses the

consumption path that maximizes the lifetime utility function (3.1), subject to

(3.2)/(3.3), (3.4)/(3.5), and (3.6)/(3.7). The intratemporal allocation between do-

mestic and imported final goods and the Euler equation are given by

P h
YC

hh � εEh, P f
YC

fh � p1� εqEh (3.8)

P f
YC

ff � εEf , P h
YC

hf � p1� εqEf (3.9)

Êj � rjA � ρ (3.10)

3.2.2 Final Good Production

A competitive final good producer in country j employs labor
�
LjY
�
, a variety of

intermediate manufacturing products
�
Xj
i

�
, and the harvest good

�
Hhj

�
to maximize

profit

Πj
Y � P j

Y Y
j � wjLjY � P T

HH
hj �

Nj»
0

P j
XX

jpnjqdn (3.11)

subject to

Y j � Aj
�
LjY
�β �

Hhj
�α Nj»

0

�
Xjpnjq

�γ
dn (3.12)

where α�β� γ � 1 and P T
H denotes the world price of harvest good. Final good

production is Cobb-Douglas, which exhibits a constant return to scale for all inputs

and decreasing returns to scale for each factor of production. Letting Ij � P j
Y Y

j,
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which represents the value of final good produced, the demand schedule for each

factor of production is

LjY �
βP j

Y Y
j

wh
� β

Ij

wh
(3.13)

Hhj �
αP j

Y Y
j

P T
H

� α
Ij

P T
H

(3.14)

Xj
i pN

jq �

�
γAjP j

Y

�
Hhj

�α �
LjY
�β

P j
Xi

� 1
1�γ

(3.15)

3.2.3 Harvest Good Production and the Open Access Renewable Resource

Only the home country is endowed with a stock of renewable resource, denoted

Shptq. For simplicity, natural growth of the renewable resource, denoted GhpShptqq,

is assumed to follow a logistic growth function, which is widely used in fisheries.

GhpShptqq � ηShptq
�

1�
Shptq
S̄h



(3.16)

where η is the natural regeneration rate and S̄h is the carrying capacity, the max-

imum stock of renewable resource a country can possess when there is no harvesting

activity. For non-renewable resources, set η � 0, which is a special case of the model.

The dynamics of the resource stock depends on the function GhpShptqq and the

amount of harvest good being produced pHhptqq. Harvest production follows the

Schaefer harvest production function Schaefer (1957)2. It depends on the existing

stock of renewable resource at a given time pShptqq as well as the labor allocated to

the harvest sector pLhHptqq. The production function exhibits an increasing return

2 The qualitative result does not change when different harvest production functions are applied
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to scale for all factors of production. B is a constant and can be viewed as the

total factor of productivity in the harvest sector or referred to as a “catchability

coefficient”.

9Shptq � GhpShptqq �Hhptq (3.17)

Hhptq � BLhHptqShptq (3.18)

(3.17) says that if natural growth of the renewable resource is higher (lower) than

the amount being harvested, the existing stock of resource is increasing (decreasing).

The steady state level of resource stock occurs when GhpShptqq � Hhptq.

Open Access Renewable Resource

Since the renewable resource in this model is under open access, there is no incentive

for a competitive harvest firm to take the dynamics of the resource stock (3.17) into

consideration. As a result, the problem of the harvest firm becomes static, such

that the firm chooses labor in order to maximize its profit, subject to (3.18). This

yields the price of harvest good, which is negatively related to the stock of renewable

resource at a given time.

P T
Hptq �

1

BShptq
for @t (3.19)

A competitive firm takes the price of harvest good as given and produces up to

the point that the market clears.

Hh � Hhh �Hhf (3.20)

Substituting (3.19)into (3.14) yields the temporary equilibrium level of harvest

good that the home country will produce.
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H� � αBS

�
Ih � If

�
wh

for @t (3.21)

Substituting (3.18) into (3.21), labor allocation for the harvest good becomes

Lh�H � α
pIh � If q

wh
(3.22)

In contrast, note that if the renewable resource has well-defined property rights,

the harvest firm will maximize its profit with respect to the dynamics of the resource

stock (3.17).

3.2.4 Intermediate Manufacturing Sector

Incumbent Firms

Intermediate manufacturing firms in country j produce differentiated products ac-

cording to technology

Xj
i � pZj

i q
θ
�
LjXi � φ

�
(3.23)

where Zj
i is the stock of firm-specific knowledge, θ P p0, 1q is the elasticity of

the firm’s total factor of productivity with respect to knowledge, LXi is the labor

employed in the industry, and φ is the fixed operating labor cost. For simplicity,

assume that knowledge exogenously grows at rate z
�
Ẑ � 9Z

Z
� z ¡ 0

	
. The tech-

nology exhibits an increasing return to scale for all factors of production.

A monopolistic manufacturing firm i in country j chooses labor to maximize its

lifetime profit

V j
i ptq �

» 8

t

Πj
Xi
pvqe�

³v
t pr

jpsq�δqdsdv (3.24)
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Πj
Xi �

�
P j
Xi � wj

�
Zj
i

��θ	
Xj
i � wjφ (3.25)

where Πj
Xi is the instantaneous profit for the firm, rjpsq is the interest rate, and

δ is the death rate of firms.

Subject to (3.15), solving Current Value Hamiltonian yields the price of each

manufacturing product

P j
Xi �

wj

γ
�
Zj
i

�θ (3.26)

Entrants

To enter the manufacturing market, an entrepreneur faces an entrycostϕP j
XiX

j
i �

wjLjN . Once a new firm enters the market, it faces the same maximization problem

as the existing manufacturing firms. Since there is an entry cost, it is not profitable

for the new entrant to produce the same product as an incumbent firm. New entrants

will enter the manufacturing sector to produce differentiated products until the value

of the existing firms equals the entry cost.

V j
i � ϕP j

Xi
Xj
i (3.27)

Substituting (3.26) into (3.15) and imposing firm symmetry conditions,

Xj
i � Xj � γ

Ij

P j
XiN

j
(3.28)

Substituting (3.26) and (3.28)into (3.27), the value of the manufacturing firms

is then proportional to the value of the final good, and the rate of return for an

entrepreneur becomes
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V j
i � V j � ϕγ

Ij

N j
(3.29)

rjNptq � δ �
�

1

ϕ

�
1� γ �

φ

γ

wjN j

Ij

��
� Îj � N̂ j (3.30)

3.3 World Equilibrium

Trade Balance

Since the home country is the only one with the renewable resource, the foreign

country imports both the harvest good and final good from the home country in

exchange for its own final good. The trade pattern is asymmetric in that the home

country has a structural deficit in final goods. The balanced trade condition becomes

P T
HH

hf � P h
YC

hf � P f
YC

fh (3.31)

Final Good Market Clearing

The final good produced in each country is either consumed domestically or exported

internationally.

Y h � Chh � Chf (3.32)

Y f � Cff � Cfh (3.33)

Income and Expenditure

Recall that Ej and Ij denote expenditure and value of final good produced (income)

for country j, respectively.
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Proposition 1: Relative expenditure and relative income between two countries are

constant at every point in time.. Likeswise, expenditure-income ratio for country j is

constant at every point in time. For the home and foreign countries, (See Appendix

for Proof)

Eh

Ef
�

1� ε� αε

p1� εqp1� αq
, (3.34)

Eh

Ih
�

1� ε� αε

1� α � ε� 2αε
, (3.35)

Ef

If
� 1� α, (3.36)

Ih

If
�

1� α � ε� 2αε,

1� ε
(3.37)

The mechanisms for the results in Proposition 1 are the Cobb-Douglas production

and utility functions and rent dissipation from the open access renewable resource.

The Cobb-Douglas production function suggests that the relative values of produc-

tion of all factors of production, including harvest goods, are proportional to the

value of final output. The Cobb-Douglas utility function implies that intratemporal

allocation between domestic and imported final goods is constant, which results in

constant expenditure shares. The balanced trade condition which links income and

expenditure in the two countries then suggests that income and expenditure in these

two countries are proportional to each other. The results in Proposition 1 imply that

the growth rates of expenditure and income in the home and foreign countries are

equal to each other
�
Êh � Êf

	
. Substituting this condition into (3.10) shows that

the interest rate is equal across countries, or rh � rf .
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Proposition 2: Comparing income and expenditure between the home and foreign

countries, (See Appendix for Proof)

i) Ih ¡ If if and only if ε ¡ 1{2

Intuition: If there is a weighted preference for domestic final goods, the value of

final good produced in the home country is greater than in the foreign country. The

underlying reason is that even though the home country has a structural deficit in

final goods, strong domestic bias creates high demand for the home country’s final

good and leads to a higher value of final good produced or income for the country.

ii) Eh ¡ Ef

Intuition: According to the balanced trade condition, the foreign country needs to

import both harvest and final goods while the home country only imports the final

good. Therefore, the expenditure that can be used toward consumption of final goods

in the foreign country is less than in the home country.

iii) Eh ¡ Ih

Intuition: Since the home country exports both harvest and final goods, a repre-

sentative household can spend more than the value of final good that it produces.

iv) Ef   If

Intuition: The value of final good produced in the foreign country needs to be

higher than the expenditure since some parts of its income must be used to purchase

the harvest good from the home country. In particular, (3.36) suggests that the foreign

country’s available expenditure for consumption is the difference between its total

income and the value that is used to buy the harvest good from the home country.

Asset Market Clearing

As indicated in the previous section, the interest rate is equal across countries due

to a special feature of the model. Moreover, to prevent arbitrage opportunity within

a country, the rate of return on financial assets in country j has to equal the rate of
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return for entering the manufacturing sector.

rjA � rjNi (3.38)

Substituting (3.30) in (3.10) gives

Êj � ρ �
1

ϕ

�
1� γ �

φwjN j

γIj

�
� Îj � N̂ j � δ (3.39)

From (3.35) and (3.36), it can be seen that Êj � Îj, so (3.39) becomes

N̂ j �
1

ϕ

�
p1� γ � ϕpρ� δqq �

φwjN j

γIj

�
(3.40)

Moreover, the value of stocks issued by intermediate manufacturing firms has to

equal the value of financial assets held byall the households.

V hNh � Ah (3.41)

Proposition 3: Nominal income and expenditure in the home and foreign countries

are constant at every point in time. (See Appendix for Proof)

Ih � Lh
�

1

pEh{Ihq � ρϕγ

�
; (3.42)

Eh �
�

1� ε� αε

1� α � ε� 2αε

�
Ih (3.43)

If �
�

p1� εq
1� α � ε� 2αε

�
Ih � µIh; (3.44)

wf � p1� α � ϕγρq
If

Lf
. (3.45)
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Labor Market Clearing

Labor is immobile across countries but can move freely between sectors within a

country. As a result, labor in the home country is allocated among the harvest good

sector, the final good sector, existing firms in the manufacturing goods sector, and

new entrants to the manufacturing goods sector. On the other hand, labor in the

foreign country is allocated among just the final good sector, existing firms in the

manufacturing goods sector, and new entrants to the manufacturing goods sector

because there is no harvest good sector.

Lh � LhH � LhY � LhX � LhN (3.46)

Lf � LfY � LfX � LfN (3.47)

3.4 Effects of Trade on Income, Expenditure, Growth and Welfare in
the Home Country

In order to explore the question of whether trade worsens or improves growth and

welfare of the economy, this section will analyze the effects of trade on macroeconomic

variables, focusing on the home country.

3.4.1 The Economy with No Trade: Autarky

Household

Without trade, the domestic preference now becomes ε � 1. A representative house-

hold in the home country maximizes the lifetime utility function

UhAp0q �
8»
0

e�ρt logChAptq dt (3.48)
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subject to

9AhA � rhAAhA � whALhA � ΠhA � EhA (3.49)

EA � PA
Y C

hA (3.50)

where p�qA denotes autarky

Final Good and Intermediate Manufacturing Goods Production

The final good sector’s demands for factors of production are proportional to the

value of final good produced in autarky. Manufacturing firms still face the same

optimization problem as before except that now, they take the value of final good

produced in autarky instead of that with trade.

Harvest Good Production

Since there is no demand forexported harvest good, the harvest good sector will

produce harvest good demanded by domestic final good producers only. The price

of harvest good then becomes

PA
H �

1

BSA
(3.51)

Proposition 4: The home country’s economy in autarky is such that

i) EhA � IhA � Lh
�

1
1�ρϕγ

�
ii) Y hA � ChA

3.4.2 Comparison of Income and Expenditure Before and After Trade

Proposition 5: With open access renewable resources, the home country loses income

and expenditure after trade. (See Appendix for Proof)
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IhA ¡ Ih (3.52)

IhA   Ih � If (3.53)

EhA ¡ Eh (3.54)

Trade has three effects on the home country’s equilibrium income and expen-

diture: a specialization effect, an income effect, and a global demand effect. The

specialization effect refers to the fact that the home country is the only one with

the renewable resource and hence, specializes in producing the harvest good. Due

to the balanced trade condition, the home country runs a structural deficit in final

goods, which implies a lower value of final good produced in the country after trade.

The income effect is based on rent dissipation in the harvest sector. When the home

country opens up to trade, it needs to produce more of the harvest good in order

to meet both domestic and international demands. However, because the renewable

resource is under open access, the price of harvest good is underestimated since a

competitive harvester pays only for labor cost, but not for the cost of the resource

itself. Consequently, producing more harvest good does not increase income for the

representative household. In fact, it decreases the value of final good produced. In

contrast to the specialization and open access effects, the global demand effect puts

upward pressure on the value of final good produced because trade induces demand

from abroad. So while the first two effects decrease the home country’s income and

expenditure after trade, the last one operates in the opposite direction. Nevertheless,

the first two effects outweigh the last one because the domestic bias, or preference for

domestic final goods, is relatively high. As a result, the effect from market expansion

would be limited.
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3.4.3 Dynamics and Steady State with Trade

Due to the special features of the model, the home economy pins down to two dy-

namics.

Entrepreneur in Manufacturing Sector

Dynamics of an Entrepreneur in the Manufacturing Sector

N̂h �
1

ϕ

�
p1� γ � ϕpρ� δqq �

φNhptq
γIh

�
(3.55)

The dynamics of an entrepreneur in the manufacturing sector is a logistic function,

which has an explicit solution

Nhptq �
Nh�

1�
�
p Nh�

Nhp0q
q � 1

�
e�νt

(3.56)

where ν � p1�γ�ϕpρ�δqq
ϕ

¡ 0 , Nhp0q denotes the steady state number of manufac-

turing firms in autarky, and Nh� denotes the steady state number of manufacturing

firms after trade.

Steady State Number of Manufacturing Firms At the steady state when N̂h � 0, the

number of manufacturing firms becomes

Nh� �
γ

ϕ
p1� γ � ϕpρ� δqq Ih (3.57)

The steady state number of manufacturing firms is positively related to the value

of final good produced. The underlying reason stems from a simple Cobb-Douglas

final good production function. The higher the value of final good produced, the more

the demand for differentiated intermediate manufacturing products. This increases
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the incentive for new manufacturing firms to enter the market and results in a higher

number of manufacturing firms.

Stock of Renewable Resource

Dynamics of Renewable Resource Substituting the global equilibrium level of har-

vest good (3.21) and price of harvest good (3.19) into (3.17). The dynamics of the

renewable resource stock becomes

Ŝh � η

�
1�

Shptq
S̄h



� αBpIh � If q (3.58)

Again, an explicit solution can be obtained

Shptq �
Sh�

1�
�
p Sh�
Shp0q

q � 1
�
e�χt

(3.59)

where χ � η�αBpIh�If q ¡ 0, Shp0q denotes the steady state stock of renewable

resource in autarky, and Sh� denotes the steady state stock of renewable resource

after trade.

Steady State Level of Renewable Resource Stock Equating (3.58) to zero, the steady

state level of renewable resource stock becomes

Sh� � S̄h
�

1�
αB

η
pIh � If q

�
(3.60)

The steady state stock of renewable resource is positively related to the natural

regeneration rate pηq and themaximum carrying capacity
�
S̄h
�

but negatively related

to the total value of the world’s production of final goods.
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Growth Rate of Real Income

Dynamics of Growth Rate of Real Income The relevant measure of real income in the

economy is the utility function (3.1). Denoting gj as the growth rate of real income

in country j, the dynamics of the growth rate of real income in the home country

after trade is

ghptq � εĈhh � p1� εqĈfh � εŶ h � p1� εqŶ f (3.61)

Taking log and differentiating (3.12), the dynamics of the growth rate of real

income in the home country becomes

ghptq � αŜh � p1� γq
�
εN̂h � p1� εqN̂ f

�
� θγ

�
εẐh � p1� εqẐf

�
(3.62)

The dynamics of the growth rate of real income depends positively on the growth

rate of renewable resource stock, growth rate of number of manufacturing firms, and

exogenous growth rate of R&D activity for the incumbent manufacturing firms.

Steady State Growth Rate of Real Income Setting Ŝh � N̂ j � 0, the steady state

growth rate of the home economy becomes

gh� � θγz (3.63)

3.4.4 Steady State Comparison

Proposition 6: Comparing the steady state variables in the home country before and

after trade, (See Appendix for Proof)

i) ShA� ¡ Sh�

Intuition: With trade, there is more demand for the harvest good stemming from

the foreign country. Consequently, the steady state stock of renewable resource is
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lower with trade than in autarky, which raises the price of harvest good due to greater

scarcity of the renewable resource.

ii) HhA� ½ Hh�

Intuition: The harvest production function is determined by the level of labor

employed in the harvest sector and the existing stock of renewable resource. Hence,

trade generates two opposing effects on the steady state level of harvest good. The

first effect is a “demand effect” that stimulates harvest good production. Since trade

induces more demand for the good, labor in the home country will reallocate itself

toward the harvest sector. However, given the natural dynamics of the resource stock,

the higher level of harvesting activity would lead to a decline in the existing stock of

renewable resource. As a result, there is also a second effect which is a “supply

effect” that constrains harvest good production. The overall result depends on the

parameters underpinning these two forces. If the demand (supply) effect exceeds the

supply (demand) effect, the steady state level of harvest good would rise (fall).

iii) NhA� ¡ Nh�

Intuition: As can be seen from (3.52), the steady state number of manufacturing

firms in the home country only depends on the value of final good produced. Since

the value of final good produced is lower after trade than in autarky, the steady state

number of manufacturing firms is then lower after trade than in autarky as well.

When the value of final good produced falls after trade, existing manufacturing firms

would find it less profitable to operate in the market and therefore, some firms would

exit the market until the value of the remaining firms equals the entry cost..

iv) ghA� � gh� � zh � zf

Intuition: The steady state growth rate of the home economy before and after

trade is the same due to the lack of scale effect and the identical growth rate of R&D

innovation in the home and foreign countries. The lower value of final good producted

after trade results in a lower number of manufacturing firms. As a result, the long-
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run growth rate of the economy only stems from the exogenous rate of knowledge

spillover from the existing manufacturing firms.3

3.4.5 Reallocation of Labor in Home Country

Trade liberalization results in reallocation of labor among the harvest good sector, the

final good sector, existing firms in the manufacturing goods sector, and new entrants

to the manufacturing goods sector. Using the labor market clearing condition (3.46),

labor allocation in the home country becomes

LhY � βIh, (3.64)

LhX � γIh � φNhptq, (3.65)

LhN � γp1� γ � γρqIh � φNhptq (3.66)

LhH � Lh � pβ � γ � γp1� γ � γρqqIh (3.67)

With no population growth, the amount of labor employed in the final good and

harvest good sectors only depends on the total value of final good produced. As a

result, the home country experiences rising employment in the harvest sector and

falling employment in the final good sector after trade. Moreover, the lower value

of final good produced and lower number of manufacturing firms reduce the level of

employment in both the existing firms and new entrants to the manufacturing goods

sector.

3 Note that if the growth rate of knowledge in the foreign country is higher than in the home
country, the home economywould enjoy a higher steady state growth rate after trade.
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3.4.6 Welfare and Growth Effect in Home Country

Consumption Path in Autarky

Suppose that prior to trade, the home economy is at the steady state level of utility.

When trade occurs at time t � 0, the home economy’s utility at time t � 0 can be

written as

logChApt � 0q � Φ1 � log IhA � α logS�hA � p1� γq logN�hA � θγ logZ�hA (3.68)

where Φ1 � log
�
AββααγγBα

�
.

Consumption Path After Trade

When trade occurs, the home economy’s utility not only depends on the level of final

good production at home, but also relies on imported final good from the foreign

country. In particular,

log uh � ε logChh � p1� εq logCfh (3.69)

where Chh �
�
εE

h

Ih

	
Y h and Cfh �

�
1� εE

f

If

	
Y f . (See Appendix for Proof)

After trade, the level of utility depends on the expenditure to income ratios as

well as the levels of final good production in both the home and foreign countries.

The path of utility after trade becomes

log uhpt � 0q � Φ2�log Ih�α logShpt � 0q�p1�γq log
�
Nhpt � 0q

�ε �
N f pt � 0q

�1�ε�...

(3.70)

� θγ log
�
Zhpt � 0q

�ε �
Zf pt � 0q

�1�ε
(3.71)

where Φ2 � Φ0 �Φ1 �p1� εq log µ , and Φ0 � ε log
�
εE

h

Ih

	
�p1� εq log

�
1� εE

f

If
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Instantaneous Change in Welfare after Trade The first two terms on the RHS indi-

cate the instantaneous change in welfare after trade. If Φ2 � log Ih   Φ1 � log IhA,

the home economy instantaneously loses utility from opening up to trade, assuming

that the autarky steady state number of manufacturing firms and level of knowl-

edge accumulation are the same in the home and foreign countries, N�hA � N�fA

and Z�hA � Z�fA. Welfare instantaneously falls because of the income effect men-

tioned previously. In particular, trade liberalization exacerbates the rent dissipation

problem that is a feature of open access resources. (See Appendix for Proof)

Dynamics of Growth Rate of Utility Path after Trade After trade, the dynamics of the

growth rate of the utility path for the home economy becomes

gh � αŜh � p1� γq
�
εN̂h � p1� εqN̂ f

	
� θγ

�
εẐh � p1� εqẐf

	
(3.72)

Since Ẑh � Ẑf � z,

gh � αŜh � p1� γq
�
εN̂h � p1� εqN̂ f

	
� θγz (3.73)

When the home country opens up to trade, there is more demand for the harvest

good stemming from the foreign country. Given the dynamics of the renewable

resource stock, the more harvest good produced today means the less resource stock

in the future. As a result, the growth of renewable resource stock
�
Ŝh
	

decreases,

leading to a higher price of harvest good. As the resource becomes scarcer and less

harvest good is produced, the amount of final good that can be produced by the

home country also falls. Therefore, this scarcity effect causes a decrease in welfare

in the long run.

Recall from (3.40)that the dynamics of the number of manufacturing firms de-

pends on the value of final good produced and wage.Given the same normalized
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wage, a fall in income or value of final good produced in the home country leads to

a decrease in the growthof number of manufacturing firms
�
N̂h   0

	
. On the other

hand, in the foreign country, since wageis proportional to the value of final good

produced, the dynamics of the number of manufacturing firms just depends on the

initial number of firms prior to trade. For simplicity, assume that this initial number

of firms is the same as the steady state number so that the the growth of number of

manufacturing firms is zero
�
N̂ f � 0

	
. As a result, (3.73) becomes

gh � αŜh � p1� γq εN̂h � θγz (3.74)

The dynamics of growth rate of Home country can be summarized in Figure 3.2

At the steady state, Ŝh � N̂h � 0, so the steady state growth rate of the home

economy becomes

gh� � θγz � gh�A (3.75)

Figure 3.3 illustrates the effect of trade liberalization on the welfare of the home

economy.

3.5 Conclusion

This paper presents a two-country trade model in which only one of the countries is

endowed with a renewable resource in order to study the effect of trade liberalization

on the welfare of the home or resource-rich economy. The paper incorporates the

dynamics of the renewable resource stock into the endogenous growth framework,

where long-run growth stems from R&D innovation. In the model, the renewable

resource is under open access, which means that no property rights are assigned to

the common pool resource. This results in overexploitation of the resource and may

lead to the tragedy of the commons. The renewable resource is used to produce the
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harvest good, which in turn serves as an input to produce the final goods. Since

only the home country is endowed with the renewable resource, it trades both its

harvest good and final good for the foreign country’s final good. Therefore, in order

to ensure balanced trade at all times, the home country runs a structural deficit in

final goods.

In this study, trade causes welfare loss in the home economy due to two effects: an

income effect and a scarcity effect. The first effect is the instantaneous loss of income.

Trade increases demand for the harvest good as international demand is added to

domestic demand. This greater demand for the harvest good diverts labor away from

the productive manufacturing sectors to the harvest sector, where rent is zero. Since

the resource is under open access, the resource-access cost is not realized and the

price of harvest good is underestimated. Consequently, reallocation of labor to the

harvest sector decreases the value of final good produced and lowers the income of

the resource-rich country. In turn, this decreases the incentive for new entrants to the

manufacturing sector, which is an important sector for generating long-run growth.

The second effect is the long-run decline in the amount of final good produced due

to increasing scarcity of the renewable resource. Under open access, the renewable

resource is overexploited and becomes scarcer as trade creates greater demand for

the harvest good. Given the same amount of labor, less and less harvest good is

produced, which gradually increases the price of harvest good and leads to a fall in

the amount of final good produced in the long run.

3.6 Appendix

Proof of (3.30)

Take log of 3.24 and differentiate with respect to time.
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rhptq � δ �
Πh
Xi

V h
i

�
9V h
i

V h
i

(3.76)

Substitute the profit function of manufacturing goods into the previous equation.

rhptq � δ �

�
P h
Xi � wh

�
Zh
i

��θ	
Xh
i � whφ

V h
�

9Ih

Ih
�

9Nh

Nh
(3.77)

Substitute (3.28) into the previous equation to get (3.30).

Proof of Proposition 1

Substituting (3.8), (3.9) and (3.14) into the balanced trade condition, (3.34) can be

derived.

For (3.35) and (3.36),multiply P h
Y , and P f

Y on both sides of (3.32) and (3.33),

respectively.

P h
Y Y

h � P h
YC

hh � P h
YC

hf , P f
Y Y

f � P f
YC

ff � P f
YC

fh (3.78)

Using the definition Ij � P j
Y Y

j, and substituting (3.8) and (3.9) into (3.78) , the

equations become

Ih � εEh � p1� εqEf (3.79)

If � εEf � p1� εqEh (3.80)

Substituting (3.34) into (3.79) and (3.80), (3.35) and (3.36) can be derived.

To derive the relative value of final good produced between the home and foreign

countries (3.37), substitute (3.35) and (3.36) into (3.80).
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Proof of Proposition 2

For i): rearrange (3.37); 1� ε ¾ 1�α� ε� 2αε iff ε ¿ 0.5. And since by assumption

ε ¥ 0.5, Ih ¥ If .

ii): rearrage (3.34); the result follows because by construction α ¡ 0.

iii): rearrage (3.35); the result follows because by construction ε   1.

iv): rearrage (3.36); the result follows because by construction α   1.

Proof of Proposition 3

From (3.35) and (3.36), it can be shown that Êj � Îj. Substituting (3.29) into

(3.41), taking log and differentiating, the equation becomes Âh � Îh . Using this

term and substituting (3.10) into (3.6), (3.42) can be derived.

Substituting (3.42) into (3.35) and (3.37), (3.43) and (3.44) can be derived, re-

spectively.

Substituting Âf � Îf and(3.36) into the foreign country’s budget constaint, (3.45)

is then derived.

Proof of Proposition 4

Applying the condition EhA � IhA , and using the same method as Proof of Propo-

sition 3, (3.4.1) is derived.

Moreover, Y hA � ChA results from the final good market clearing condition in

autarky.

Proof of Proposition 5

For home income before and after trade, compare (3.4.1) and (3.42); the only differ-

ence is the term 1 and Eh

Ih
. Since Eh{Ih ¡ 1, then Ih   IhA.

For world income before after trade, rearrange (3.42), (3.44), and (3.4.1); it can

be easily proved by contradiction that IhA   Ih � If .
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For home expenditure before and after trade, rearrange (3.4.1) and (3.43); the

result follows because by construction ε   1.

Proof of Proposition 6

i) The only difference in the steady state level of renewable resource stock before

and after trade is due to income. In particular, while the autarky level of resource

stock depends on the home country’s autarkic income level, the steady state level of

resource stock after trade depends on the world’s income. From Proposition 4, it is

shown that IhA   Ih � If . As a result, i) can be derived.

ii) Recall that IhA   Ih � If . Expressing H�A � BL�AH S�A in terms of autarkic

income, the steady state level of harvest good before trade can be written as

H�A � BαS̄IhA
�

1�
αB

η
IhA

�
(3.81)

Differentiating the equation with respect to income, it can be seen that

BH
BI

#
¡ 0 iff I   η

2αB

¤ 0 otherwise
(3.82)

The steady state level of harvest good is then ambiguous, depending on the

relevant parameters.

iii) Since IhA ¡ Ih, iii) can be derived.

iv) From (3.73), setting Ŝ � N̂ � 0, iv) can be derived.

Proof for Chh and Cfh

Chh � Chf � Y hh � Y hf (3.83)

Using the definition of Ij � P j
Y Y

j, (3.35) and (3.36) become
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Ej

Ij
�
Cjj

Y j
� p1� εq

Ej

Ij
(3.84)

Rearrange the terms to derive Chh and Cfh.

Proof of Instantaneous Change in Welfare after Trade

The home economy instantaneously loses from trade if and only if

Φ2 � log Ih   Φ1 � log IhA (3.85)

Since Φ2 � Φ0 � Φ1 � p1 � εq log µ, it can be seen that the instantaneous loss

occurs if and only if

Φ0 � p1� εq log µ� log Ih � log IhA   0 (3.86)

Φ0   0 because by construction 0.5   ε   1 and log µ   0 because by construction

ε ¡ 0.5. The difference between the last two terms is negative since IhA ¡ Ih.

Consequently, Φ2� log Ih   Φ1� log IhA, which means that the economy experiences

instantaneous loss of welfare after trade liberalization.
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Figure 3.1: Model Roadmap
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Figure 3.2: Dynamics of Growth Rate of Home Country Before and After Trade
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