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International clamor regarding the potential degradation of the environment
in developing countries due to opening to trade has been an important issue that
has moved from the streets into academic studies. This dissertation links the
effect of opening to trade on resource stocks in developing countries by endoge-
nizing the property rights regime choice. The model explains how communities
that have communal ownership of a resource stock select the property rights
regime governing the use of their resource stock via a voting mechanism. Then,
the impact of opening to trade is linked to the choice of the property rights regime
and, ultimately, to stock changes over time.

We found that under some plausible assumptions, community members would

vote to allow non-community members into the resource sector. Opening to trade,



when the country has comparative advantage in the production of resource inten-
sive goods, does result in a decrease in the long-run equilibrium stock. However,
as long as property rights regimes are endogenous and the country follows the
optimal trajectory path, we find that degrading the resource stock can be an
optimal solution.

A dynamic common property resource game with two sectors in the economy was
designed and implemented to test some of the theoretical results. Experimental
results indicated that subjects followed a dynamic path, but not the optimal one.
The initial choices of the subjects greatly influenced the path which they take in
the future. Without instruments or tools to correct for mistakes made during the
initial time periods, communities will most likely follow a non-optimal dynamic

path.
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Chapter 1

Introduction

Common pool resources, such as fisheries, irrigation systems and grazing areas,
serve important roles in the development and livelihood of communities in de-
veloping countries. There may be no restriction on the use of the common pool
resources (open access) or its use can be governed by an individual (private prop-
erty) or a group of individuals (common property). Private-property ownership is
a potentially effective way of managing the use of a resource. However, this type
of ownership may not always be feasible. In developing countries where whole
communities claim ownership to a particular resource, it is not uncommon to find
community-based management schemes governing the use of common property
resources.

Extraction from common pool resources is often characterized as over-harvested.
Over extraction can be attributed to users of the resource stock failing to inter-
nalize two types of externalities. The first is an intra-temporal externality or
“crowding out effect,” where own harvest affects the availability of harvest for
other users during the current time. The second is an inter-temporal externality
or “stock effect” in which current harvest decreases available stock for the future.

The type of property rights regime governing the use of the resource stock is



instrumental in determining how well the resource stock is managed over time
and the effect of any externality on harvest (Anderson and Simmons, 1993). As
communities who have de facto rights over the use of the resource evolve and
as the institutions governing resource use develop, the type of property rights
regime can also change over time, which has a significant impact on the resource
stock.

Studies have argued the need to model property rights regime as endogenous
(Anderson and Hill, 1975; Field, 1989; De Meza and Gould, 1992; Hotte, et al.,
2000). Property rights can evolve from an open-access regime to community-
managed open access regime or even to private-property management. Factors
such as the existing number of agents in the community, type of agents in the com-
munity, cost of enforcing property rights, availability of local government support
to enforce laws and economic conditions affect the decision of the community to
adopt a particular property rights regime (Baland and Platteau, 1997a, 1997b,
Umbeck, 1981). However, one important factor that determines the choice of
property rights regimes governing a particular common property resource is the
political economy structure prevailing within communities.

Aside from the direct impact of the political economy structure of the gov-
erning community on resource stocks, we also look into the effect of opening the
resource stock to trade via property rights regime changes. Opening to trade can
adversely affect the natural resource stock, and consequently, welfare, of countries
that have poorly-defined property rights regimes. Chichilnisky (1994) formulated
a static model to show that developing countries with poorly defined property
rights regimes will earn short-run gains from trade but their welfare decreases

in the long-run. Similarly, Brander and Taylor (1997a) developed a two-sector



general equilibrium model with a dynamic resource stock showing the effect of
opening to trade on a small open economy. Short-run welfare gains are derived
from trade, but in the long run, these gains are offset by continual resource
depletion. In both of these studies, the underlying assumption that drives the
results of their models is that property rights regimes are exogenous. The lack of
well-defined property rights causes over-use of the resource stock and can be ex-
acerbated by increases in the demand of output derived from the stock. However,
in reality, property rights regimes change over time.

In this dissertation, a thorough analysis of the dynamic link between interna-
tional trade, property rights regimes in common property resources and resource
stocks over time is provided. In order to understand the effect of trade on resource
stocks, it is first important to understand how property rights regime change via
a political economy process. Deriving and understanding how property rights
regimes evolve over time is important because these institutions determine the
long-run sustainability of any natural resource stock (Adger and Luttrell, 2000).
Once we have established the link between endogenous property rights regimes
and their effect on the resource stock, we can derive the total effect of opening
to trade on resource stocks.

One of the main findings in this dissertation is that the choice of the property
rights regime governing the use of the resource stock is affected by the crowding
out effect and stock effect. A finite number of property rights regime patterns,
which maximize the welfare of owners of a resource stock, are derived. Opening
to trade affects the choice of property rights regimes as well as the resource stock.
Communities that have comparative advantage in the production of a resource-

based good may allow the stock to grow prior to the opening of trade. However,



the long-run equilibrium resource stock declines even with endogenous property
rights regimes under communal management. The decision of the community to
degrade their resource stock is not solely motivated by myopic welfare gains but

by a solution that maximizes wealth over time.

1.1 Literature Review

This dissertation is related to two broad areas of the existing literature: (1)
property rights and natural resource use; and (2) the effect of trade on the envi-

ronment.

1.1.1 Property Rights and Natural Resource Use

Community-owned or community-managed resource stocks characterize a number
of property rights regimes in developing countries (Maggs and Hoddinott, 1997).
Coastal fishery resources, forest tracts, and grazing land are some of the examples
of natural resources that are community-managed in developing countries. The
type of property rights regime, whether formal or informal, can adversely or
favorably impact the natural resource stock. In some countries occupying the
Amazon Basin and in the outer islands of Indonesia, farmers clear unprotected
forest areas because they fear that failure to do so would mean losing the land
to their neighboring competitor (Rudel, 1995). Due to the open-access nature of
the resource, as well as lack of formal social control by governments, open-access
regimes are commonly believed to go hand in hand with resource depletion.
Conventional theorists assume that only an all powerful government can limit

the use of a resource stock. However, informal social control from the community



using the resource stock also plays a significant role in determining the long-run

stock of a resource. Indigenous groups have their own customary laws that can

protect the resource stock. By imposing informal social controls, communities

limit the access of the resource stock to non-community residents (McCay and Acheson, 1987).
Such practices have been observed in countries such as Brazil, Colombia, Costa

Rica, Japan, the Philippines, Spain and Switzerland (Reinhart, 1988; Ostrom, 1990;

Cruz, et al., 1992; Wright, 1992).

Social controls, whether formal or informal, change over time. In Amazonian
Ecuador, the Ecuadorian government passed a law which stated that claimants
could establish ownership through use. A significant number of peasants migrated
to the Amazon. This migration resulted in settlement and deforestation during
the late 1960s. By 1970, a set of informal social controls among settlers began
which discouraged land invasions and land clearings in disputed areas resulting in
less deforestation (Rudel, 1995). In San Miguel Bay, Philippines, the fishery stock
was depleted due to overfishing during the 1980s. However, after the institution
of formal organizations aimed at managing the resource through the community,
less pressure has been put on the fishery stock (Sumalde and Pedroso, 2001).

Aside from anecdotes relating property rights regimes and their effect on re-
source stocks, theoretical models also exist. The current property rights regime
can significantly affect the use of a resource stock (Angelsen, 1999). Private-
property ownership is usually deemed effective because owners internalize any
existing externality associated with the use of a resource. However, shifting from
complete open-access to private-property ownership is not always feasible. Given
the difficulty in establishing government control of common property resources,

especially in developing countries, several studies have advocated the development



of community-based management schemes to preserve and increase environmental
quality (Ostrom, 1990; Sandler, 1992; Baland and Platteau, 1996).

The evolution of property rights regimes can not only protect the environ-
ment, but also reduce uncertainty and increase efficiency in the market of the
resource (Feder and Feeny, 1991). The decision for any community to change the
existing institution governing the use of a resource stock can be modelled using
a voting mechanism (Vyrastekova and Van Soest, 2003). Different voting rules
that govern a polity exist. The most common voting rule under a pure democratic
regime is a majority voting rule. Under a majority voting rule, only half of the
population plus one is required to support or carry out any issue (Mueller, 1979).!
In this voting rule, the preference of the median voter determines the outcome
of any election. Therefore, if the median voter derives more utility from the
adoption of a particular program, he would vote to establish that program.

The literature has largely ignored the role of community voting in determin-
ing the governing institution that regulates the use of a resource stock. This
dissertation develops a model about the voting equilibrium of a community that

institutes the property rights regime governing the use of a resource stock.

1.1.2 Trade and the Environment

The pioneers in the trade and environment literature began publishing during

the early 1970s (Baumol, 1971; Magee and Ford, 1972; Walter, 1973). However,

'In reality, representative democracies that exist in various countries may not necessarily
adhere to the majority voting rule. In the United States for example, the choice for presidency
depends upon the electoral college and not the popular vote. Here, one may lose the popular
vote but win the electoral college due to the preference of a "minority." Thus, caution must

be taken in interpreting and applying results from the model to the real world.



increased public awareness of the potential threat on environmental quality by
opening to trade has resulted in a substantial expansion in the trade and en-
vironment literature. Panayatou (1993) defines the environment as “both the
quantity and quality of natural resources, renewable and nonrenewable.” The
environment can be categorized into two types: natural resource stocks, such
as mines, forests and fisheries; and the ambient environment, which consists of
water, air, landscape and the atmosphere. In the model, we focus on the former
type.

Little or no direct link (price effects) relating the effect of trade on the en-
vironment has been found empirically or theoretically (Antweiler, et al., 2001;
Alpay, 2001; Copeland and Gulati, 2004; Copeland, 2000; Copeland and Taylor, 2004;
Kahn and McDonald, 1994; Shafik, 1994).? However, trade policies can signif-
icantly affect either the natural resource stocks or the ambient environment
through factors that influence the comparative advantage of countries. Some
of the determinants of comparative advantage among countries through which
trade may affect the environment are the differences in endowments of natural
resources, technological efficiency, governing institutions, and property rights
regimes (Abler, et al., 1999; Antweiler, et al., 2001; Alpay, 2001; Bourgeon and Lépez, 1999;
Brander and Taylor, 1997a and 1997b; Chichilnisky, 1994; Copeland and Taylor, 1994;
Lépez and Galinato, 2005; Chintrakarn and Millimet, 2006).

Countries that specialize in dirty (clean) technologies will increase dirty (clean)

output as trade liberalization occurs, consequently depreciating (improving) en-

2There is a related strand in the literature that evaluates the potential causal link between
the environment and trade flows. Tightening of environmental regulations have been shown to
significantly impact the choice of plant loaction and trade flows at the margin (see Copeland

and Taylor, 1994 for a review of these studies).



vironmental quality (Grossman and Krueger, 1991). Similarly, countries that are
endowed with more natural resources tend to specialize in goods that are natural
resource intensive. As the economy of these countries opens to trade, more pres-
sure is put on the natural resource stock during trade liberalization (Alpay, 2001).

Countries with more open access to natural resources or less stringent envi-
ronmental regulations gain comparative advantage in the production of resource-
based goods relative to other countries with more developed institutions. Devel-
oping countries have relatively less developed property rights regime governing
the use of a resource stock compared with more developed countries. Conse-
quently, developing countries with weak institutions will likely see a degradation
of natural resource stock and decline in social welfare (Chichilnisky, 1994; Bran-
der and Taylor, 1997a and 1998).

However, existing institutions can evolve from an open-access regime to a more
protected system. Margolis and Shogren (2002) extend the North-South trade
model of Chichilnisky by allowing for endogenous property enforcement rights.
Given a specific set of world prices, they show that welfare losses can occur even
when local governments make choices to close the hinterland. Hotte, et al. (2000)
develop a model of trade and dynamic resource stock with the cost of enforcing
property rights endogenized. They show that by opening to trade, a country
changes the enforcement level governing resource use, which results in a greater
resource stock. Social welfare could decrease if the gains from the current owner
of the resource from enforcing the property right are outweighed by the loss of
income from poachers of the resource stock. In reality, individuals have the option
of working in various sectors of an economy. It would be interesting to look at

how members of a community, who have de facto property rights to a resource



stock, govern its use when employment opportunities are available elsewhere.
This dissertation investigates how the choice of a community to manage a
particular resource stock is affected by economic conditions, such as trade. Since
we focus mostly on small communities within an economy, we disregard any po-
tential feedback that resource regulation may create on trade flows. Of particular
interest in this study is to model how property rights evolve via a voting mech-
anism within agents of a community. The effect of voting on the choice of the
governing rule of the use of a resource stock in a dynamic economic framework

has largely been ignored by the literature so far.

1.2 Main Results

The remainder of the dissertation is organized as follows. Chapter 2 introduces a
dynamic two-sector general-equilibrium model that analyzes the type of property
rights regime governing the use of a dynamic common property resource. Chapter
3 links the effect of opening to trade on the choice of the property rights regime
and the resource stock. Chapter 4 extends the basic theoretical framework by
endogenizing the trade regime choice by the government. Chapter 5 tests selected
hypotheses derived from the theoretical results of the model using a laboratory
experiment. Chapter 6 concludes the dissertation.

The general framework that is used in the dissertation is a dynamic two-sector
general equilibrium model, which is akin to a dynamic version of a Ricardo-Viner
model. There are two sectors in the economy, a resource sector and a manu-
facturing sector, and three types of inputs: capital, a dynamic resource stock,
and labor. The type of labor can come from two sources: the community and

non-community. The main difference between the two sources of labor is that



individuals from the community have de facto property rights over the use of a
resource stock while non-community members do not. The owners of capital max-
imize quasi-rent from capital by hiring labor while the owners of labor maximize
earnings by allocating labor hours in the two sectors over time.

The general framework is analyzed in a two-period finite horizon model and
an infinite period horizon model to determine potential property rights regimes
adopted by the community. In both models, two externalities influence the choice
of property rights regimes chosen by the community: the crowding out effect and
the stock effect. In the two-period finite horizon model, the resource stock may
be kept open to non-community members during any period. The marginal gains
from keeping the resource stock open are equal to the increase in wage in the
manufacturing sector plus the gains in preserved stock by crowding out harvest
by other community members. If the marginal gains of allowing entrance are
greater than the marginal cost, some non-community members would be allowed
to enter the resource sector. When we analyze an infinite horizon model, we
eliminate the possibility of a cyclical property rights regime pattern as an optimal
solution because of the ability of the community to internalize some of the stock
effect in the future (see Chapter 2).

Trade policy effects are introduced in two ways in the general equilibrium
model. First, we introduce an exogenous shock affecting the terms of trade. In the
two-period model, the effect of an announced opening to trade during the second
period leads to an increase in the resource stock prior to trade liberalization.
Once free trade is implemented, the resource stock may or may not decline in the
next period. However, in the infinite horizon model, we find that the equilibrium

long-run resource stock decreases given a permanent increase in the relative price
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in the resource sector. Thus, if the country can optimally select the property
rights regime governing the resource stock and follow the optimal dynamic path,
degrading the resource stock would lead to maximizing community welfare. It is
important to note that observing a decrease in stocks due to opening to trade is
not sufficient to conclude that the community maximizes welfare. The decline in
stock must follow the optimal dynamic path to ensure that welfare is maximized
(see Chapter 3).

The second way the trade policy effects are introduced in the model is through
the government endogenously determining the trade policy in the presence of
various lobby groups within the economy. If only a single lobby group exists, the
lobby group can influence the government to select a trade regime, free trade or
autarky, that maximizes their welfare as long as the political weight placed by the
government on lobby contributions are significant. When two equally powerful
lobby groups exist, the lobby group with policy preferences that maximize social
welfare will lobby in order to ensure that its preferred trade regime is chosen.
We also analyze the effect of an endogenous tariff rate in the political economy
model. We find that the optimal tariff rate protecting a particular sector should
vary over time and depends upon the contributions received by the government,
marginal returns from the tariff as well as the marginal impact of the tariff on
the resource stock. Similar to the baseline infinite horizon model, we derive the
same potential property rights regime patterns when tariff rates are endgoenous
(see Chapter 4).

A dynamic common property resource laboratory experiment was designed
to determine the decision rules affecting labor allocation decisions and property

rights regime patterns; and to determine the effect of trade on the resource stock.

11



We find that labor allocation decisions and the choice of property rights regimes
do not follow the optimal dynamic equilibrium path. The initial choice during
the first few rounds, have a significant effect on future choices. If subjects start
with the wrong choices in the initial round, they would never reach the optimal
path. Furthermore, groups have been found to increase the stock prior to the price
increase in the future round and degrade the resource stock once the price increase
is in effect. This behavior does seem to indicate that subjects do internalize some
of the stock effect over time but they are on a non-optimal dynamic path because

they choose the wrong labor allocations in the first few round (see Chapter 5).
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Chapter 2

Dynamic Two-Sector General Equilibrium

Model

A two-sector general equilibrium model is developed that incorporates an en-
dogenous change in the property rights regime governing the use of a dynamic
resource stock. This model adapts the Ricardo-Viner model commonly used in
analyzing international trade. Jacob Viner (1937) first examined the specific fac-
tors model, a variation of the Ricardian model that allows for diminishing returns
to a mobile input as output increases. The model was popularized by Jones (1971)
and Samuelson (1971), while Mussa (1974) developed the well-known graphical
results from the model. The Ricardo-Viner model is a type of specific factors
model where there are two sectors and three inputs. Two of the inputs are fixed
and specific to the two sectors while a third input is mobile.

In the first section of this chapter, the basic structure of the model is pre-
sented. Then, the optimal property rights regime patterns governing the use of
the resource stock are determined under three scenarios: two-period model with
homogeneous community members; two-period model with heterogeneous com-

munity members; and an infinite horizon model with homogeneous community

13



members.

2.1 Analytical Framework

The two sectors in the economy are the manufacturing sector and the resource
sector. There are three factor endowments available in the economy. The manu-
facturing sector and the resource sector are endowed with capital and a resource
stock, respectively; while labor is a mobile input that can be used in either sector.

One unit of labor is interpreted as an hour of hired labor in the manufacturing
sector or an hour devoted to harvesting in the resource sector. From this point
forward, the terms community and non-community refer to the two main sources
of labor. Community members have de facto property rights to the resource
stock while non-community members do not. That is, the level of labor that
can be allocated by non-community members to the resource sector is subject to
direct control by the community members. The distribution of community and
non-community members are exogenously determined. Labor allocated at time ¢

in the resource sector and the manufacturing sector by the community member

*

*, respectively. Also, labor allocated at time ¢ in the

is represented by [ and [

resource sector and the manufacturing sector by the non-community member

*

»1, respectively. The maximum available labor hours at

is denoted by [,; and [
time ¢ for any individual is h. The total number of community members and
non-community members are C' and N, respectively. We assume in most of our
analysis that C' = .

Production in the manufacturing sector at time t is characterized by an in-

creasing, concave, constant returns production function, Y, (K, L,;) where L,; is

the total labor allocated at time ¢ in the manufacturing sector and K is capital
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endowment in the manufacturing sector. Here, total labor allocated in the manu-

Cl*

c=1"ct

facturing sector, L, is equal to + Eﬁle l7,. The objective of the owners
of capital at period ¢ is to maximize quasi-rent from capital, r;, by optimally
choosing labor given a market wage rate at time ¢, w;. Normalizing output price

to 1 results in the following objective function,

max ry = Yy (K, Lyy) — wy L. (2.1)

th

The first order condition that determines the optimal value is the following,

Yy (K, Lyt)
aL:ct

= wy. (2.2)
At each time, the value of marginal product is equal to the equilibrium wage rate.

The resource sector is initially characterized as an open access resource with
no single owner. Entrants into the sector, who devote a positive amount of effort,
derive earnings from harvest. Effort is a function, f, which captures partial
returns from the resource sector given own labor and labor from other entrants
into the sector. Assuming that the harvest per unit effort is directly proportional

to the stock, the harvest, H, for the j** individual at time ¢ can be expressed as

(Clark, 1985),

H;(Si, L_ji, ;1) = oS f(L_jt, Ljr), (2.3)

where f(L_j;, 1) : D — [0, 1] is continuously differentiable. Here, D are labor
J

hours in the domain, «; is the harvestability coefficient of the j* individual, S; is

the resource stock at time ¢, I;; is the labor devoted by the j™ individual at time

t, and L_j is the summation of all labor hours devoted by other individuals at

time ¢. For example, for the ¢'* community member, L_., = Zgﬁc i+ SN
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but for the n'" non-community member, L_,; = 25:1 lct+zgén l;s. Total harvest
is nondecreasing in the stock and if there is no stock, harvest is zero. The effort
function by the jth individual is assumed to be f(L_;;,0) = 0, 0f(L_ji, l;¢)/0l;s >
0, and 0*f(L_jq, ljt)/ﬁljzt < 0. Furthermore, we assume that 0f(L_j;,1;:)/0l_j <
0, O?f(L_jt,1;1)/01?;, > 0 and & f(L_j;,1;;)/01;;0l_j; < 0 where I_j € L_j
representing labor from an individual other than j at time ¢.

Given the common-property nature of the resource stock, two types of exter-
nalities are examined: a crowding out effect during each period, 0H;/0l_j;, and
a stock effect across time, p,,,0H;/0l;;, where p, ., is the marginal user cost of
the resource stock at time ¢ + 1. The marginal user cost of the resource stock
is derived from the costate variable in the dynamic optimization problem in the
next section. The crowding out effect results from congestion when effort applied
by other individuals interferes with the current harvest. The stock effect refers
to the reduction in future harvest due to individuals ignoring the effect that their
own action has on future stock productivity.

One critical assumption that is made throughout the analysis is that the
harvestability coefficient of community members are always greater than non-
community members. The differences arise from the inherent capabilities of com-
munity members to harvest given that they have had rights over the use of the
resource stock and have had more experience and developed more efficient tech-
nologies to harvest. New entrants into the resource stock, such as non-community
members, would still have to develop their skills or acquire new technology to ex-
tract from the resource stock. In this way, the assumption made in this analysis
is be plausible.

Individuals allocate labor in either sector depending on their returns from
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each sector. A laborer from the resource sector can harvest from the resource
stock and is faced with the wage in the manufacturing sector as his opportunity

cost. Total income, I;;, by the 4% individual at time ¢ can be shown as follows,

Ijt = wtl}} +pt04jstf([’*jta lﬁ) (2-4)

where p; is the price of the harvested output from the resource sector relative to
price of the output in the manufacturing sector at time ¢. Total wealth, W, by
the j*" individual is the summation of discounted income from a starting period,

0, until the end period, T,

!

W Z [ = Z wtl;t +ptOéjStf(L7jt, ljt)) (St (25)

t=0

where 0 is the discount factor.
The change in stock over time depends on the natural growth function of the
stock and harvest by all individuals from the community and non-community.

The stock dynamics are expressed as,

St+1 - S = Za St L—cta ct Zanst L—nt> nt) (2-6)

Here, S;11 — S; is the change of stock over time, G(.5;) is the natural growth func-
tion of stock when there is no harvest, and a. and «,, are the harvestability coef-
ficients of community and non-community members, respectively. Total harvest
does not exceed the available stock at any time ¢, i.e. S; > chzl Qe S f(L gty L)+
ZnN:1 anSif(L_pi, ). A steady state resource stock occurs when the natural

growth of the stock is equal to the harvested amount at a particular time, 7.e.

G(St) = Zle OécStf( —ct» ct) + Z -1 anSt ( —nt) lnt)
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2.2 Endogenous Property Rights Regime

2.2.1 Theoretical Outline with Homogeneous Community

Members

This section investigates when the community, which has de facto rights to the
resource stock, will choose to close or keep the resource s