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1 Introduction

The purpose of this research is to understand the development of an open, renewable
natural resource-based economy. I do this by evaluating the role of terms of trade in en-
dogenous development of property rights structure. Renewable natural resources generate
income as the main export of developing economies. Producing resource goods and services
requires maintaining resource stocks and enforcing ownership rights to prevent others from
exploiting them. Costs are increasing in the level of enforcement. When ownership rights are
not fully enforced, an informal sector in illegal harvest emerges. An informal sector diverts
labor away from formal sectors, reducing total economic output. I find that an endogenous
property rights structure does not stay constant but varies over time with changes in prices
and markets. It improves with improving terms of trade and weakens when terms of trade are
unfavorable. With a stronger property rights structure, the informal sector shrinks and may
close down altogether. Introduction of the informal sector allows accounting for non-market
activity that plays an important role in low-income economies. Recent findings and existing
evidence support explicitly integrating informal home production into models of economic
development (Parente et al. 2000).

When property rights are defined and enforced by government agencies, the state only
imperfectly enforces property rights, which requires additional efforts by private property
owners. Property owners incur significant costs to enforce private property rights effectively
by, for example, employing guards and building fences (de Meza and Gould 1992). Since
property rights are costly to enforce, there will likely be cases of imperfect property rights.
"Whether an owner enforces his rights, or whether he allows others free access to exploit his
pastures, woods, or lakes, depends on the private costs and benefits of exclusion (de Meza
and Gould 1992)." Only when it is profitable to enforce property rights will that be done.

While economic analysis tends to focus on the extractive services of renewable natural
resources (for example, fisheries or timber harvest) renewable natural resources are also a
source of non-extractive services. Non-extractive services are derived without extraction
from the natural resource stock and range from recreation to wildlife habitat. For example,
ecotourism makes use of indigenous animal, plant, and fish species to generate non-extractive
services. Trends show a high increase in ecotourism and all nature-related forms of tourism,
with parks, nature reserves, and natural settings increasingly becoming popular tourist des-
tinations (Hawkins and Lamoureux 2001). In 2007, the tourism industry accounted for 856
billion USD in receipts, with 908 million international tourist arrivals worldwide (World
Tourism Organization 2007). For many countries, tourism is one of the main sources of
export earnings (Copeland 1991).

I develop a theoretical framework necessary to analyze the growth of an open resource-
based economy. My model has three main features. First, in addition to physical capital, I
introduce dynamic renewable natural capital. Natural capital can produce both extractive
or harvest products and non-extractive services. Second, I introduce endogenous decisions
on property rights structure. Third, I introduce an informal sector that accounts for the
non-market activity, and for that reason is not reported in gross domestic product accounts.
Specifically, the economy has three sectors, two formal sectors in goods and services and one
informal sector.

The first formal sector uses capital to produce goods that can be either consumed or in-



vested. These goods are traded domestically and internationally. The second formal sector
produces non-extractive services using natural resource stock. Tourism is a good example
of a service sector, in which all services are sold to international tourists. This sector holds
property rights to the resource stock. Every time period it makes decisions on the level of
property rights enforcement to deter informal harvest of its natural resources. The cost of
property rights enforcement increases in the amount of labor hired to enforce property rights.
However, if enforcement decreases, the informal harvest sector expands. The informal sector
extracts from the resource stock to produce its output. In each time period, individuals
choose how to allocate their labor between informal harvest and wage employment. When
property rights are enforced, informal harvest of the natural resource is illegal. While indi-
viduals can still choose to engage in illegal harvest, stricter enforcement leads to a higher
probability of getting caught, and therefore to lower expected returns to harvesting. Informal
harvest by each individual from natural resources is home-produced. It does not account
for the negative effect it has on the future productivity of that stock and exerts negative
externalities on all other current and future users of the resource.

I evaluate numerically the transition path and steady state of the model. I parameterize
the model to replicate a developing economy with a renewable resource endowment and
base parameter values on data from Tanzania. While wages and the capital rental rate are
determined endogenously, this small open economy takes world prices of traded good and
service as given. The economy always chooses to allocate some resources to enforce property
rights and protect its natural resources. This holds even when the export price of services is
low relative to the import price of other goods. In the initial stages of development, when the
economy is relatively poor, property rights are weak. This results in a larger informal sector
diverting labor from participating in the formal labor market. As exogenous terms of trade
improve, the property rights structure improves as well. More labor is allocated away from
the informal sector and towards the formal sector. As a result, the economy grows while
informal harvest shrinks. If terms of trade become sufficiently favorable, property rights
become fully enforced and the informal harvest sector becomes inactive.

To further understand the role of renewable natural resources in economic development,
I compare the benchmark economy to an economy that does not have a natural resource
endowment but is otherwise identical. The benchmark economy has two assets, physical and
natural, one of which does not depreciate, while the alternative economy has one depreciating
asset. Well-functioning institutions are the key factor contributing to management of natural
assets and protecting them from non-market exploitation. Income generated by natural
assets increases total output and consumption of the benchmark economy.

Bulte and Barbier (2005) provide an extended overview of current and past literature
on trade and renewable resources. The authors summarize that property rights are usually
assumed to be constant and fixed at one of the opposite regimes of either open access or
perfect property rights. The authors point out that, in reality, harvest usually involves
some intermediate property rights specification between these two extremes. This research
addresses exactly the need to further knowledge of intermediate property rights structure. It
innovates further by introducing and analyzing an endogenously determined transition path
of property rights specification in the context of economic growth.

Copeland and Taylor (2009) consider an endogenous property rights regime by combin-
ing a renewable resource model with a model of moral hazard. The regulator’s enforcement



power, harvesting capacity, and incentive to extinguish the resource, determine success or
failure of resource management. The authors find that “policy analysis based on the assump-
tion of a fixed degree of property rights protection may lead to serious error.” The authors
focus on the steady state, leaving discussion of transition to future work. Brander and Taylor
(1997) examine the consequences of opening a small economy that has open access renewable
resources to international trade. Similar to Bulte and Barbier (2005), the authors note that
the existing literature on renewable resources and trade is "modest in scope".

The paper also contributes in the evaluation of the roles of non-extractive services of
resources and the presence of non-market activities associated with the use of resources in
economic growth. Home production is a substantial component in how renewable resources
are used in low-income economies. Becker’s (1965) notion of household production has been
incorporated in economic development literature but not in the context of renewable natural
resources (see Parente et al. 2000 and Gollin et al. 2004 for two examples).

The rest of the paper has the following structure. The next section develops the model.
Section 3 defines and characterizes equilibrium. Section 4 parameterizes the model, solves
for, and analyses the transition path and the steady state. Section 5 concludes.

2 The model

This section integrates renewable natural resources, endogenous property rights deci-
sions, home production, and trade in a convex model of economic growth. The economy has
an infinite horizon over discrete time periods. It consists of households, three production
sectors, and three factors of production. The factors of production are labor, capital stock,
and a renewable natural resource stock. Natural resources produce both extractive goods
and non-extractive services. The three production sectors consist of two formal and one in-
formal sectors. The first formal sector produces goods that can be used for consumption and
investment. The second formal sector produces non-extractive resource services. This sector
holds property rights over the resource. The informal sector consists of a home-produced
harvest of renewable natural resources. The country trades in both formal sectors and has
balanced trade. I next go over each of these components in detail.

2.1 Households’ preferences and endowments

There are [ infinitely lived households. All households are identical in their preferences
and initial factor endowments. Define ¢, € R, as consumption at time ¢t € [0,1,2,...,00) by
a representative household. A representative household has logarithmic utility function:

> B'n(c), (1)

where 5 € (0,1) is household’s discount factor. Overall consumption, ¢;, consists of a
composite good x; € R, and a harvest good h; € Ry. A household cares only about the
level of overall consumption and does not care about its composition!:

Ct = T + ht. (2)
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The composite good can be invested, i;, or consumed, x;, while the harvest good, h;, is
perishable and cannot be stored from one period to another. The composite good is supplied
by domestic and foreign producers.

In each period, a household has an endowment of time denoted by I. All of the time
endowment is spent on labor (there is no leisure in this model). In period ¢, a household
decides how to allocate its endowment of time between spending [; hours working for a wage
w; in a formal sector, and spending the remaining [ — [, hours in home production harvesting
the biological resource for its own consumption. In addition to the labor endowment, each
household owns initial capital, ky. The household accumulates capital through investment,

kt+1 - ]ﬂt = it - (Skt, (3)

where § € (0, 1] is capital depreciation rate. A household rents out its capital, k;, at the
rental rate r;.
The representative household’s budget constraint is

Zpu (xp + 1) < Z (wily + riky + €1m14) + €27o, (4)
t=0 t=0

where py; is the period ¢ world price of composite good, 7y, is the period t profit in the
composite good sector, o is the present value of the stream of profits in the service sector,
and €; and ey are the household’s shares of respective profits. The harvest good, h;, does
not enter the budget equation. The harvest of biological resource is home-produced and is
consumed directly by a household, without entering the market.

2.2 Biological resource and informal extractive sector

The economy is endowed with an initial stock of a renewable biological resource, By.
Additions to the resource stock are made through natural biological growth minus harvest.
In the absence of harvest, resource dynamics are given by B, 1 — B; = G (B;), where G (B;)
describes natural growth of the resource that accounts for the natural birth and mortality
rates. Let G (B;) = sB; (1 — ), where s is the intrinsic growth rate of the biological
resource and B is the environmental carrying capacity or the maximum biological resource
stock that can be sustained by the environment.? In the absence of harvest, the biological
resource stock, By, converges to its maximum carrying capacity, B.

The non-extractive service sector has property rights over the natural resource stock. This
sector produces its services without extracting from the resource stock. It makes harvest
of the natural resource by households illegal. However, the quality of institutions is poor
and owners have full responsibility to enforce their property rights. In each time period, the
owners decide on the level of enforcement of their ownership rights. Denote enforcement of
ownership rights by z; € [0, 1]. When z,; is equal to zero, there is no enforcement of property
rights and the natural resource is open access. When z; is equal to one, property rights are
perfectly enforced and there is no informal harvest. When z; is anywhere between zero and
one, property rights are enforced at some intermediate level. The higher the enforcement
level the harder it is to engage in illegal harvest.



In each period, the service sector chooses an enforcement level z;, which a household
takes as given and then decides whether to engage in illegal harvest or not. If a household
chooses to harvest, it next decides how much time to spend harvesting given the ownership
enforcement level. Each household is endowed with a harvest technology, H (l_ — ly, By; zt),
which, given property rights, z;, transforms labor, [ — [;, and aggregate biological resource
stock, By, into harvest. Harvest technology takes the following form, H (l_ — Iy, Bt;zt) =

(1—2) (l_ — lt)l_e BY, where harvest is measured in the same units as the resource stock,
B;. The biological resource share in the harvest technology is denoted by 6 € (0,1). The
harvest function is decreasing in the level of property rights enforcement.

The informal harvest sector has an endogenous choice of closing down. Low opportunity
cost of lost wages and weak property rights provide a strong incentive for informal sector to
stay active. However, if the opposite is true, and the opportunity cost of lost wages is high
or property rights are strong, the informal sector shrinks in size to the point of dissipating.
Harvest is a home-produced good consumed directly by a household and is equal to hy.?
Consumption of the resource good by a household in time period ¢ is equal to:

he=(1—2)(I—1)""BY. (5)

The harvest decision by each individual household does not account for the negative effect
that it has on the future productivity of the resource stock. Total harvest in period t is
the sum of harvest by all individual households, I, and is equal to Ih,. With harvest, the
biological resource equation of motion is given by:

B - _
BtJr]_ — Bt = SBt <1 — Et) — (1 — Zt> 1 (l — lt)l 0 Bte (6)

2.3 Formal goods sector

There are many domestic, perfectly competitive firms in the formal goods sector. Each
firm has access to technology Fy (K;) in capital K; € R, Fy (K;) = A1 K}, where A, is total
factor productivity and a € (0, 1) is capital share. The firm maximizes its revenues from the
composite good sales minus its capital factor costs:

T = max P ALK — 1 K. (7)

The composite good is traded domestically and internationally.

2.4 Formal services sector

The service sector has access to technology Fy (B;) = A B] in renewable natural resource

B, € [O,B], where A, is total factor productivity and v € (0,1) is the resource share.

The service sector does not extract natural resource to produce its service. For example,

tourism or ecotourism use rich biological stocks to provide their services, such as safaris, bird
watching, and whale watching. All services are exported.

The service sector has ownership rights over the renewable natural resource. In each

time period, it decides on the level of enforcement, z;. Ownership enforcement is a labor
technology F3 (L;) = oL, where L, € R, and oL, € [0, 1].
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The firm maximizes its revenue from the service sales minus its labor cost:

- ! (o Aa By — w; L <
™S, 2P (2t As By — w; Ly) (8a)
subject to
B -
By — By = sB, (1 — §t> — (1 = 2) Ihy for all ¢ (8b)
2y = ol for all ¢ (80)

L; >0 for all ¢
By € [0,B] for all ¢
By > 0 given,

where p € (0,1) is the service firm’s discount factor, py; is the world price of tourism, and
ﬁt = (Z— lt)lfe Bf is the household’s harvest decision that the service sector takes as given.
Equation (8a) is the firm’s objective function of the sum of discounted profits. Equation (8b)
is the natural resource dynamics. Equation (8c) is the property rights enforcement function,
and the rest are non-negativity conditions.

These four components, namely, households, informal extractive sector, formal goods
sector, and formal non-extractive services sector, comprise a small open economy.

3 Competitive equilibrium
I now define and characterize competitive equilibrium for the above economy.

Definition 1 Given an initial capital stock, Iky, an initial biological resource stock, By,
households’ labor endowment, 11, and world prices for goods and services {py, P2t }oeps allo-
cation

{ev, myyie, hey Uy ks, 21, Ly, Ky, Biga o and a price system {wy, 7 },o, constitute an equi-
librium if:

1. Given household’s endowment vector (Z, kg) and allocation z; by the services firm,
allocation {cy, xy, e, he, Ui, kg ooy Mmaximizes representative household’s objective function
(equation 1) subject to constraints (equations 2, 3, 4, and 5) and non-negativity conditions
0<1, <, and ¢, xy, hy, ki1 > 0.

2. Allocation {K;};2, mazimizes goods firm’s profits (equation 7).

3. Given biological resource stock endowment By and allocation Th; by households, allo-
cation {2z, Ly, By }oo solves services firm’s profit maximization problem (equations 8).

4. Markets clear

I(zi+1d;) = ALK + q; for all t,

I, = Ly for allt,

Ik = K; for all t,

(IT=2z)I(I—1) e B? < B, for all t,
par Ao By = prqp for all t.

— N — N~
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Market clearing condition (9a) states that total domestic production plus imports, de-
noted by ¢;, of the composite good equal its consumption and investment by all households.
Condition (9b) states that the amount of labor supplied by all households equals the amount
of labor employed by the firms. Condition (9c) states that the amount of capital supplied by
all households equals the amount of capital rented by the firms. Condition (9d) states that
harvest by all households cannot exceed the existing biological resource stock. Condition

(9e) is the balance of trade equation.

Representative household’s problem can be simplified by substituting for ¢; from equation
(2) and for h; from equation (5) into the objective function (equation 1); and by substituting
for i; from equation (3) into the budget constraint (equation 4). With these substitutions

the household’s problem can be stated as follows:

max i Bt 1n <ajt + (1= 2) (Z— lt)lﬂg Bf)
=0

{It 7lt 7kt+1 }?ZO

subject to
o0

=0 =0
Ty, ki1 >0

0<i, <l
ko > 0 given,

Zplt (CL’t + k’t+1 — (1 — (S) kt) S Z (wtlt + Ttkt + 617T1t) + €972

(10a)

(10b)

where equation (10a) is the household’s objective function and equation (10b) is its budget
constraint. The Lagrangian for the household’s constrained utility maximization problem is

£ (@l ke, ) = D08 (w120 (1= 1) 7" BY) +
t=0

t=0
First order conditions and transversality equation for the capital stock are:
oc ok
Oz gr+(1—2) (I—1)"" B
oL _ B(-z)0-0)(-1)" B

— /\*plt =0

o = - - + Nwy =0
ol zp+(1—2) (I- l;*)l er '
oL .
= N (=p1¢ + rep1 + pusr (1—0)) =0
Oky41
9L - wtl: + Ttk: + €T — )
2 ; ( pue (2f + ki — (1= 0) kf) 2
t
lim B_ — ( T't4+1 L1 5) k=0,
=gy + (1—z) ([—1;)  Bf \Pun

7

A {Z (wtlt + Ttkt + €171+ — P1t (It —+ l{?t+1 — (]_ — 5) ]{it)) —+ 627’(’2} .

(11a)

(11b)
(11c)
(11d)

(11e)



where (*) denotes household’s constrained utility maximizing allocation. Equation (11c)
states the intertemporal price condition:

Tt41

+1—6= 1

. (12)
P1i+1 Pit+1

Taking the ratio of equation (1la) in period t + 1 over period t and substituting for price
ratio from equation (12) we get:

Tt41 * 7 «\1-0
(22 +1-0) (s + (-2 (-1)""BY) 1 -
T+ (1= 241) (l__ l;tk+1)1_9 B}, B

Taking the ratio of equation (11b) to equation (11a) we get:

0
(1—2)(1—0) ((B—t)) ==t (14)

[ — ly D1t

Equations (11d) through (14) constitute the representative household’s competitive equilib-
rium conditions.
Given the market clearing condition (9c), the composite firm’s profit maximization prob-
lem establishes the capital rental rate as follows:
71: wya—1
— =aA; (Ik)" . (15)
Pt
The service firm solves its constrained profit maximization problem (8). After substitut-
ing property rights enforcement equation (8c) into the resource difference equation (8b), the
Lagrangian for the service firm can be written as:

M ({LtaBt—HaNt}zo) = Zpt (por Ao B} — wiLy) +

t=0
[e'S) Bt _
> <Bt + 5B <1 - E) —(1—oLy) Thy — BM) .
t=0
First order conditions and transversality equation for the natural resource stock are:
oM -
3L, = Pt miolh =0 (16a)
aM *y— * * 2s *
9By = Pt+lp2t+l'}’A2Bt11 - Fo + Heya (1 +s— EBt—&-l) =0 (16b)
0 By -
%:BZ‘jLSBt*(l—Bt)—(l—aL;‘)[ht—BjH:O (16¢)
t
tlim o' B — 0, (16d)



where (*) denotes service firm’s profit maximizing allocation. Substituting for y; and pf,,
from equation (16a) in equation (16b) we get:

Wiheer g g P B (17)

pwey1hy B Wet1

Equations (16¢), (16d), and (17) constitute service firm’s profit maximization conditions.
Denote by &, terms of trade in period ¢, which is the ratio of the export price of services,

pa2t, to the import price of goods, py;. Combine the equations that characterize representative

household’s utility maximization problem, both sectors’ profit maximization problems, and

market clearing conditions to derive characteristic equations of a competitive equilibrium.

(ady (Th)™™ +1=0) (w+ (1= oll) (1= 1) " BY) 4

- - = — (18a)
Ti4+1 + (]_ — U]lt+1) (l — lt—i—l)l o Bf+1 /8
1 a—1 1-— O'Ilt Z_— lt+1
— (aA; (Ik 1-96 _ = 18b
5 (@A (The)™ )(l—aIlHl)(l—lt) (18b)
25 oIyAy (1 —lq _
I+s— §Bt+1 + & 1-0 (1 — 0'];_75—1—1 Btv-s-ll
I (.I't + kt+1 — (1 — (5) kt) = Al ([kt)a + Q¢ (18(3)
B _ _
Byj1 — By = sB, <1 — §t> —I(1—ally) (I - zt)1 ’ B (18d)
[(1—oll)(I-1,)""B < B, (18e)
§AB) = g (18f)

Equation (18a) is the Euler Equation. Equation (18b) requires equilibrium marginal product
of labor to be equal in both service and harvest good sectors. Equation (18c) is the com-
posite good sector feasibility condition stating that consumption and investment is equal
to production and import of the composite good. Equation (18d) is the biological resource
equation of motion. Equation (18e) is the biological resource feasibility condition stating
that total harvest cannot exceed the resource stock. Equation (18f) is the balance of trade
condition. Equations (18) characterize competitive equilibrium from definition 1. I now
solve numerically for and analyze the transition path and steady state?.

4 Numerical experiments

In this section, I determine transition paths of all variables and prices to the steady
state by solving the system of equations (18) and using numerical experiments. Parameters
replicate a developing economy with a renewable natural resource endowment and are based
on data from Tanzania.® Like most low-income countries, Tanzania is primarily an agrarian
country where agriculture is predominantly smallholder and subsistence in nature (World
Bank [25]). Tanzania is rich in biodiversity and has set aside a quarter of its land area as
nationally protected wildlife sanctuaries (World Bank [24]). These wildlife resources and
spectacular landscape and scenery attract tourists. International tourism makes up one
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third of the country’s total exports (World Bank [24]). 87.4% of all international visitors
to the country come for leisure and holidays, earning Tanzania in 2007 1 billion USD in
international tourism receipts® (National Bureau of Statistics of Tanzania 2006, World Bank
2008). Because in Tanzania tourism sector is considered to have great economic growth
potential, the country aims to raise its contribution to gross domestic product to more than
25% (World Bank 2002). However, with 36% of population in Tanzania living below national
poverty line, it is not surprising that wildlife in protected areas and around them are poached
and hunted by local communities (World Bank 2008). Wildlife threatened by illegal hunting
is one of the most pressing environmental issues in Tanzania (CIA 2004). These factors make
Tanzania a relevant and timely case study.

The parameter values used in numerical experiments are given in table 1. I calibrate
household’s discount factor, 3, to 0.917, so that the real interest rate implied by the model
is asymptotically equal to the average annual real interest rate of 9% observed in Tanzania
from 1993 to 2005. For simplicity, the discount factor in the services sector, p, is assumed
to be equal to §. I calibrate the capital share, o, to 0.32, to match the residual of the
share of compensation of employees in gross domestic product adjusted for employment and
workforce participation (for adjustment methodology see Gollin (2002)). The labor share in
home production, 1 — 6, is set at 0.89 as derived in Gollin et al. (2004) and is also consistent
with labor share of 0.9 in Serengeti, Tanzania, wildlife harvest technology (Barrett and Arcese
1998). Depreciation rate, d, equals to 0.5 and is based on existing literature (e.g., Bergoeing
et al. 2001, Cooley and Prescott 1995). I base the estimate of the intrinsic growth rate of
the renewable resource, s, on biological studies of the ungulate populations in the Serengeti-
Mara ecosystem’. I perform sensitivity analysis to the different levels of the intrinsic growth
rate. For the purposes of numerical experiments, I assume production share of the biological
resource in services, 7, to be 0.6. Household’s labor endowment, , is normalized to 1. For a
detailed description of how parameters were calibrated refer to xxx (2007).

Terms of trade, &,, which is the ratio of the real export price to the real import price,
for Tanzania are shown in figure 1. I follow Kehoe and Ruhl (2008) to construct terms of
trade data using original data on exports and imports for Tanzania.® Since terms of trade
for Tanzania do not show large variation through time and are available only for fourteen
years, in the benchmark economy I use constant terms of trade, which are equal to the
data average of 0.85. To evaluate the effect of the magnitude of terms of trade on the
rest of the economy I conduct sensitivity analysis by varying terms of trade across different
experiments. Next, to evaluate the effect of time variability, I lift the assumption of constant
terms of trade and let them change with time. I determine the transition path of all variables
and prices for three different terms of trade time series. In the first series, terms of trade
improve with time. In the second series, terms of trade decline with time, and in the third
series, terms of trade are randomly drawn from a normal distribution. The transition path is
solved in Matlab by programming shooting algorithm. The algorithm solves all characteristic
equations simultaneously for all time periods until the economy reaches the steady state. The
transition paths are solved for various combinations of initial physical and natural assets.
With higher initial assets transition to steady state simply becomes smoother with time.

I begin with the benchmark case where terms of trade are constant and equal to 0.85.
Along the transition path to the unique steady state renewable natural resources are always
protected by property rights. However, property rights enforcement is not constant over
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time. The results for this case are shown in figure 2. At the beginning, when the resource
stock is low, property rights are set high to deter illegal harvest and ensure that the stock is
replenished. However, once the stock is replenished property rights slacken and remain low
during initial development of the economy. With time property rights improve and remain
strong reaching the steady state level of 0.93 (0 means open access and 1 means perfect
enforcement of property rights). The first column of results in table 2 shows steady state
values for this case. At this level of property rights enforcement the natural resource stock
is intact at 98% of its carrying capacity. About 90% of total labor force is employed in the
formal sector earning wages while the informal sector shrinks to a small part of the economy.

Better enforcement of property rights has a positive effect on economic output and con-
sumption. Property rights enforcement mainly responds to changes in earnings from export
of the resource services. For example, with less favorable terms of trade earnings from export
of the resource services decline. This decline in export earnings weakens an incentive to en-
force property rights. The second column of results in table 2 shows the steady state values
when, everything else equal, terms of trade decline from 0.85 benchmark to 0.2. Enforce-
ment of property rights is 35% lower compared to the benchmark case with more favorable
price ratio. As a direct response to this decline in property rights enforcement the informal
harvest expands ten times in size and the renewable resource declines by a half from 98% of
its carrying capacity to 49%. Larger informal sector drains labor away from the formal labor
market. This reduction in employment has a negative effect on total output. Reduction in
total output and trade volume lead to a 30% reduction in consumption.

Figure 3 shows the transition path of property rights and the size of the informal sector
for six different levels of terms of trade (0.4, 0.6, 0.7, 0.8, 0.85, and 0.874). Terms of trade and
property rights move in the same direction. Improving the ratio of the export price to the
import price enhances the incentive to protect the natural resource. More labor is allocated
to enforce property rights and the natural resource stock increases. As a result earnings
from exports increase and the economy enjoys higher consumption and larger output. When
terms of trade are equal to 0.874 property rights improve with time and after sixty years
of development become perfectly enforced. The informal sector declines and, once property
rights become perfectly enforced, closes down completely. These results are consistent with
historical experience of many countries. During the initial stages of economic development
countries experience poor quality of institutions and large informal sector of production.
With time, quality of institutions usually improves and the formal markets largely replace
the informal sector.

To evaluate the effect of time variability I let terms of trade change with time. I begin
with the case of monotonically improving terms of trade, which asymptotically approach the
unique steady state value from below. The terms of trade series and the results for this case
are shown in figure 4. During the initial economic development property rights remain low.
This happens for two reasons. First, terms of trade are still low. Since the export price
of resource services is low relative to the import price of other goods the economy abstains
from spending too much on property rights protection of the natural resources. Second, the
capital stock and output are still low, which translate into low consumption. Attempting
to increase consumption, people turn to the informal home production, which now that the
resource stock is replenished yields higher harvest. With time, terms of trade improve, which
creates a stronger incentive to protect resources from the informal harvest.?
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When terms of trade are random they are drawn from a normal distribution with variance
decreasing over time and mean set to the unique steady state value. Terms of trade series
for this case are shown in figure 5a. In the short run, property rights follow year to year
variability of terms of trade. Improving terms of trade are followed by stricter enforcement
of property rights and less favorable terms of trade are followed by weaker enforcement of
property rights. In the long run, based on data terms of trade do not exhibit any upward or
downward trend. As a result, after the initial decline in property rights their trend remains
constant as well. Property rights trend is shown as a dotted line in figure 5a. Results for
the rest of the economy are shown in figure 5b. When the natural resource stock is low
property rights are set high to deter harvest. Similarly, when the natural resource stock is
high property rights are set low and harvest increases.

Improvement in the intrinsic growth rate of the natural resource, s, has the opposite effect
of improvement in terms of trade. The third column of results in table 2 shows the steady
state values when, everything else equal, intrinsic growth rate of the resource increases from
0.4 benchmark to 0.9. As the resource stock becomes better at naturally replenishing itself
less labor is devoted to protecting it through property rights enforcement. As a result there
is a stronger incentive to engage in illegal harvest. Exports and imports along with formal
output decrease. However, total consumption does not decline and instead slightly increases
through substitution of the goods purchased at the market by the goods supplied by informal
harvest.

Overall, renewable natural resources can be beneficial to an economy provided the ex-
istence of well functioning institutions. However, when institutions or property rights are
weak the informal harvest increases, drawing labor away from the formal markets, slowing
them down and reducing output.

5 Conclusion

In this paper, I analyze the effects of terms of trade and property rights on the develop-
ment of a small resource-based economy. In my model, endogenous property rights are not
constant but change with time. Along the transition path to steady state property rights
improve with favorable terms of trade and the economy exports resource services. Stronger
property rights help maintain the renewable natural resource stock by deterring illegal har-
vest. As the informal harvest shrinks, more labor is reallocated from non-market activity
to working in the formal economy. More labor along with capital formation increase the
country’s output, trade volume, and consumption. In this environment of an open econ-
omy and well-functioning institutions, renewable natural resources have a positive impact
on economic growth.

To carry out the analysis, I develop a theoretical framework for an open resource-based
economy. In addition to capital stock, I introduce a dynamic renewable natural resource stock
that produces both extractive goods and non-extractive services. The strength of the model
is its ability to incorporate realistic features such as endogenous decisions on property rights
enforcement and informal home production. Informal home production allows accounting
for non-market activity. In addition, the model makes informal sector’s option of becoming
inactive endogenous. For these reasons, the model developed here is promising to further
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our knowledge of trade, property rights, and renewable resources.

One possible extension of this research is to address technological growth in addition
to the already present resource growth. Another possible extension is adding a market
for resource harvest. Currently, households harvest for their own consumption. Creating a
market, either legal or illegal, will increase the incentive to engage in harvest. This could have
an impact on property rights and labor allocation decisions across the sectors. Expanding
the model in these directions would yield further insights into the role of renewable natural
resources in economic development.
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Notes

1.

Given the nature of consumption in low-income countries, it is likely that home-
produced and market-produced goods are close substitutes. For example, Parente
et al. (2000) find that in a developing economy elasticity of substitution between home
and market goods is equal to 2.5.

. The logistic growth function has been widely used in modeling biological populations.

In general, logistic growth starts at a zero, rises, peaks, falls, and reaches zero at a
finite environmental carrying capacity (Conrad and Clark 1987).

For clarity of presentation, this stylized model has one type of households. One can
extend the model to include two types: resource owners and illegal harvesters. Then
a small proportion of households will hold ownership rights to the resource and earn
profits my, while the remaining majority of households will engage in illegal harvest.
This will complicate the model and make computation of transition path messy without
changing essential results. Since the simplified model achieves all the necessary results
I skip this extension.

There exists a unique steady state provided that - < 14 s. Unless one of the discount
factors, [ or p, or the intrinsic growth rate, s, are very low, this condition is satisfied
for all parameter values.

The data sources are summarized in Appendix A.

For comparison, international tourism receipts are equivalent to 6% of the country’s
gross domestic product, which, in 2007, was equal to 16 billion USD (World Bank
2008).

The Serengeti-Mara ecosystem, in bordering Tanzania and Kenya, hosts the world’s
largest ungulate herds (Sinclair 1979).

Exports and imports data for Tanzania are available from World Development Indica-
tors (2008) starting 1990. I follow Kehoe and Ruhl (2008) to construct terms of trade
data using equation (Exports of goods and services in current US$ / Exports of goods
and services in constant 2000 US$) / (Imports of goods and services in current US$ /
Imports of goods and services in constant 2000 US$).

. T also evaluate the case with decreasing terms of trade, which asymptotically approach

the unique steady state value from above. In this case, property rights decline monoton-
ically at a decreasing rate gradually becoming constant at the steady state level.
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A Data Appendix

Series Source
Real interest rate (%), Tanzania WDI
Indirect taxes, net, current prices, Tanzania (millions) U.N. NAS

Consumption of fixed capital, current prices, Tanzania (millions) U.N. NAS
Compensation of employees, current prices, Tanzania (millions) ~ U.N. NAS

Operating surplus, current prices, Tanzania (millions) U.N. NAS
GDP, current prices, Tanzania (millions) U.N. NAS
Implicit Price Deflator, Tanzania (1990=100) U.N. NAS
Economically active persons, 5-80+, Tanzania NBST
Employed persons with paid work, 5-80+, Tanzania NBST
GDP (constant 2000 US$), Tanzania WDI
GDP deflator (1992=100), Tanzania WDI
GDP per capita (constant 2000 US$), Tanzania WDI
GDP per capita, PPP (constant 2000 international $), Tanzania ~WDI
Exports of goods and services, Tanzania (constant 2000 US$) WDI
Imports of goods and services, Tanzania (constant 2000 US$) WDI
Exports of goods and services, Tanzania (current US$) WDI
Imports of goods and services, Tanzania (current US$) WDI
Population, total, Tanzania WDI
Population ages 15-64 (% of total), Tanzania WDI

Real GDP per worker, Tanzania PWT 6.2

Notes

WDI stands for World Development Indicators (2008).

U.N. NAS stands for U.N. National Accounts Statistics: Main Aggregates and Detailed
Tables (1994) and (2006).

NBST stands for National Bureau of Statistics of Tanzania, National Profile Statistical
Tables (2007).

PWT 6.2 stands for Penn World Tables (2006).
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Table 1: Parameter values

Parameter description Value
Discount factor (/) 0.917
Capital depreciation rate (0) 0.05
Resource stock production share in harvest () 0.11
Capital stock production share («) 0.32
Resource stock production share in services (7) 0.6
Discount factor in services (p) 0.917
Resource intrinsic growth rate (s) 0.4
Total factor productivity in goods sector (A;) 1
Total factor productivity in services sector (As) 1

Scaling effect in property rights enforcement technology (o) 1
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Table 2: Steady State

Variable description High terms Low terms High intrinsic
of trade of trade growth
Property rights® (z,) 0.93 0.69 0.60
Consumption of a composite good () 2.15 1.44 2.02
Consumption of a harvest good (hss) 0.01 0.10 0.17
Total consumption (cs) 2.16 1.54 2.19
Employment? (I) 0.93 0.69 0.60
Capital stock (k) 3.35 3.35 3.35
Resource stock® (Bis) 0.98 0.49 0.75
Investment (i) 0.17 0.17 0.17
Import of a composite good (gss) 0.84 0.13 0.72
Formal output of goods (yss) 1.47 1.47 1.47
Formal output of services (yass) 0.99 0.65 0.85
Informal output of harvest (hss) 0.01 0.10 0.17
Total formal output (Y;) 2.46 2.12 2.32
Total output (Yss + hss) 2.47 2.22 2.49

l2e [0, 1], where 0 is open access and 1 is perfect enforcement.

2le [0, 1], where 1 is full employment.

3 B € [0,1], where 0 is depletion and 1 is carrying capacity.
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Figure 1: Terms of trade data for Tanzania.
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Figure 2: Transition path to steady state: (a) property rights, z;; and renewable natural
resource stock, By; (b) imports, ¢;; output of goods, y}; output of services, y?; informal
output, hy; total formal output, Y; = y! + y?; and total output, Y; + h;. Property rights
z; € [0, 1], where 0 signifies open access and 1 perfect enforcement of property rights.
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