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Abstract: 

Most resource management studies model the resource sector in isolation of the rest of the economy of 
which it is part. We develop a theoretical model that demonstrates the importance of market structure and 
economic linkages in understanding the impact of economic changes on natural resource extraction in an 
open access resource setting.  Economic change in other sectors has an ambiguous effect on the amount of 
labor in a resource sector.  Higher returns in other sectors can draw labor out of a resource commons, 
while increases in demand for the resource output can attract more labor.  This can result in unexpected 
supply responses in poorly-integrated markets.  Under certain conditions other-sector price increases can 
decrease pressure on resource systems.  In order to test which response dominates in practice, we calibrate 
a localized general equilibrium model with micro-data from a Northern Honduran artisanal fishery.  We 
find that price changes in non-fishery sectors can have qualitatively different impacts in the fishery, and 
impacts depend on market structure.  The findings point to a need to account for economic linkages and 
market structure when designing policies to reduce pressure on a natural resource. 
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I. Introduction: Resource use in developing countries 

Many communities in the developing world depend on renewable natural resources for survival.  
Common property in a context of weak institutions and poverty often results in a degraded resource that 
barely provides for the people that use it.  A “tragedy of the commons” (TOC) may emerge from this 
situation, as too many resource users drive a resource stock to inefficiently low levels.  Managing the 
resource requires reducing the amount of effort allocated to extracting the resource.  Natural resource 
economists have offered resource privatization as a way to improve the quality of over-used common 
property.  However, in a developing country context, privatization remains problematic since excluding 
labor from a resource can leave people without a way to make a living and create a strong incentive to 
break management rules.  In many cases it can be more effective to incentivize current resource users to 
leave a commons by creating economic opportunities in other sectors.  The general equilibrium impacts of 
increasing wages in an economy are not straightforward, because increasing the opportunity costs of 
fishing can draw labor out of an open access resource sector, while increasing local incomes can increase 
demand for the resource products.  Understanding these cross-sector economic linkages requires a 
thorough examination of how natural resource users make decisions regarding resource use. 

In this paper, we model the complex market incentives that resource users face and investigate the role of 
other-sector market integration and price changes in improving resource levels in addition to the well-
being of communities that depend on resource extraction.  Specifically, we seek to answer the question of 
whether and when price changes in other sectors can provide a second-best way of improving incomes 
and resource quality in an open access commons.  This could be especially important in developing 
countries where solving the TOC may not be a feasible option in the short-run but there is still a desire to 
conserve resource stocks and improve livelihoods.   

This paper contributes to the environmental and development economics literature in several ways.  First 
of all, it emphasizes the importance of considering economic linkages across sectors when thinking about 
managing effort in an open access resource sector.  Placing the resource sector within a broader economy 
reveals additional policies that could reduce extraction effort in resource commons and creates precise 
hypotheses to be tested empirically.  Second, it proposes a method that allows for the quantification of 
impacts of economic development on natural resource stocks.  Finally, it points to significant data 
shortages in developing country fisheries and provides precise guidance for future data collection efforts. 

In the rest of this section the problems faced by resource managers in developing countries are clearly 
identified.  The TOC is precisely defined and obstacles to management, including poverty, weak 
institutions, high monitoring costs, and strong market linkages to other sectors are discussed.  In the 
following section, a theoretical model demonstrates that other-sector price changes impact labor allocated 
to an open access resource sector in unexpected ways.  The structure of an economy and the sector in 
which prices are determined play a large role in determining the impact of price changes.  Under certain 
market conditions other-sector changes can produce ambiguous impacts in an open access resource sector 
as competing effects both pull labor out of and push it back into the resource sector.  To see which effect 
likely dominates in practice, we calibrate a community-wide general equilibrium model to real-world data 
from Northern Honduran artisanal fishing communities to simulate the net impact of other-sector price 
changes.  Finally, we discuss policy recommendations and conclude. 
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A. The Tragedy of the commons 

As Hardin pointed out in his 1968 article, the tragedy of the commons (TOC) results when too many 
people enter into a commons and drive the quality of a resource to sub-optimal levels.  For example, 
homogenous herdsmen with no other economic activity will continue adding cattle to a common pasture 
until the average product of the commons becomes zero.  In Hardin’s (p. 1244) words, “Ruin is the 
destination toward which all men rush, each pursuing his own best interest in a society that believes in the 
freedom of the commons. Freedom in a commons brings ruin to all.” 

In many contexts, resource extraction represents one of many possible activities in which a household can 
participate.  This implies an opportunity cost to allocating effort (i.e., additional cattle or herdsmen) to a 
commons; thus, resource users may not drive a resource’s average product all the way to zero.  It also 
means less resource degradation, because the resource quality or stock improves as labor leaves the 
sector.  As people enter into the commons and drive the average product down to their opportunity cost, 
the resource rent goes to zero (not the average productivity of the resource); resource users get access to a 
“free” input despite the fact that the use of the input has an opportunity cost.  Because the stock of a 
resource represents a scarce input to production, optimal allocation of resources requires payment of a 
scarcity rent, which does not happen with common property (Knight, 1924). 

In an efficient economy, the value of the marginal product of all inputs in all activities should equate.  For 
example, the value of the marginal product of labor should equate to some (economy-wide) wage.  If an 
economy has a common-property resource sector, this equalization of marginal productivity will not 
occur.  Instead, given homogenous labor (or “effort”), each additional unit will enter into a commons as 
long as the value of the average product in the commons exceeds the opportunity cost (the wage in this 
case), driving the average product down to the wage and the resource rent to zero (Gordon, 1954).  Since 
natural resource sectors have concave production functions in the long run (Weitzman, 1974), the average 
productivity exceeds the marginal productivity and so the marginal productivity will remain below the 
wage, lower than in other sectors.  Importantly, increasing opportunity costs of time (while holding the 
resource price constant) will mean less labor in a common resource sector, despite the persistence of the 
TOC.  The problems associated with the TOC fall under 2 categories: 

1. Economic: inefficient input allocation (labor) results in rent dissipation and lower value in the 
resource sector 

2. Biological: too much effort in a resource sector drives the resource stock or quality to low, 
unproductive levels. 

A reallocation of labor from the resource sector into other sectors would lead to an increase in the overall 
value produced in the economy as marginal products equalize, and it would also result in greater resource 
quality.  Achieving this reallocation of labor is often hard to achieve. 

B. Fixing the tragedy of the commons?   

Searching for ways to successfully manage common-property natural resources, Elenor Ostrom’s work 
(1990, 2008, and 2009) explores how different societies and communities have dealt with this problem of 
overuse.  Communities of resource users must find ways to limit the amount of effort dedicated to 
resource extraction.  Factors including population size, resource location, and social norms can influence 
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the ability of communities to reduce the economic and environmental problems associated with common-
property resources.  Ostrom and colleagues’ research has shown that the TOC does not always occur, but 
where it does, it may be challenging to create the conditions that lead to successful resource management. 

Several management options exist for limiting the amount of effort allocated to using a resource.  
Seasonal restrictions are common.  Some resources managers choose a season length (as in Homans and 
Wilen, 1997) while others have restrictions on the type or size of the resource that can be extracted (e.g., 
minimum fish size) or on the gear than can be used (e.g., mesh size of nets).  These cases all represent 
cases of self-regulated open access in which the TOC still exists because users do not have defined rights 
over the resource even though mechanisms are in place that mitigate against full biological 
overexploitation.  The result is that economic rents are competed away despite improvements in the 
biological resource stock productivity. 

Privatization of natural resources can, in theory, solve the economic and biological problems associated 
with the TOC.  In many developed-country fisheries (Wilen, 2000) systems of individual-transferable 
quotas (ITQs) have privatized access to the fishery.  This institution eliminates open access effort from a 
fishery and gives property rights over a part of the catch to owners of quota.  The scarcity of quotas 
means that quota owners capture the rent associated with the scarce input (fish in the water).  It also 
means that the scarce input no longer gets provided for free.   

Resource privatization through the use of ITQs has worked in hundreds of cases in the developed world 
but faces many additional challenges in the developing world. Its feasibility hinges on the ability to 
monitor and enforce the quota system, it can create inequality in already-poor communities, and because 
of economic linkages, other-sector economic activity can significantly influence resource extraction 
decisions.   

Weak institutions 

Restricting the amount of labor in a renewable natural resource sector causes the resource to have higher 
quality and creates an incentive for individuals to catch more than their allowable share because their 
individual (average) return exceeds their opportunity cost.   To maintain resource stocks at optimal levels, 
an institution must exist to enforce property rights over the amount of resource extracted.  If a community 
does not have strong institutions that resource users respect, it will not successfully stop resource users 
from over-extracting.  Poverty can make this situation even worse, since people must extract a certain 
amount of resource in order to survive.  Resource managers must understand the incentives that resources 
users face in order to design mechanisms that minimize the temptation to cheat and make it optimal for 
individuals to extract less.   

Poverty 

Privatization of a common-property resource may generate important general-equilibrium effects on 
wages and the distribution of income.  While the overall value of production from a private resource must 
exceed the common-property value, Scott (1957) showed that resource privatization lowers the economy 
wage even after the resource quality or stock recovers to efficient levels.  The total value of the sector 
increases but the rents created exceed the increase in total value; thus, wages decrease.  Those that gain 
from the privatization of a fishery are those that receive the rights to continue fishing.  Excluded 
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fishermen and agricultural laborers lose because of lower wages.  His findings were confirmed in separate 
papers by Weitzman and Samuelson in 1974 (Weitzman (1974) and Samuelson (1974)).  This result 
applies in the case of an exogenous (but potentially downward-sloping) demand for the resource.  In this 
model the wage falls because excluding labor from a sector reduces the economy-wide demand for labor; 
given a constant labor supply, the wage must decrease for labor markets to clear.  The distribution of 
property rights plays a critical role in determining whether privatization improves the welfare of 
individual resource users.  If individual resource users have income at or close to the poverty line, a lower 
wage could have dire consequences. 

Linkages to other sectors 

General equilibrium linkages can alter both optimal resource management strategies and their impacts.   
Resource sectors may have strong connections with other sectors in a community.  Hannesson (2010) 
explains that simply measuring the rent lost as a result of an open access resource does not capture the 
true welfare losses.  He proposes other measures, including rents and changes in willingness to pay as a 
share of local GDP, and shows that privatization can create a gain for workers in a general equilibrium 
setting even without redistribution of rents.  Baland and Francois (2005) and Bene et al (2010) point out 
that resources may serve as insurance when formal insurance markets do not exist.  They may also be part 
of portfolio diversification for households that participate in various risky activities.  Takasaki et al (2004) 
and Pattanayak and Sills (2001) demonstrate that households in the Amazon respond to shocks by 
increasing their use of non-timber forest products and fish. 

Using a resource as a risk management strategy creates a strong linkage between returns in other sectors 
(e.g. agriculture, tourism, etc.) and the amount of labor allocated to resource extraction.  Therefore, 
designing a privatized system may exclude people from using the resource at the time when they need it 
the most.  High transaction costs, well known in the development economics literature, result in 
endogenous prices and wages that may profoundly alter the impacts of resource management strategies on 
incomes, welfare, and the resource itself. Resource management must account for the linkages between 
other sectors and resource extraction. 

Economic development as resource management 

The problems associated with privatization suggest that resource managers need to better understand the 
incentives for resource users to extract—or not to. Because the opportunity cost of effort to extract natural 
resources greatly affects the amount of resources extracted, changing that opportunity cost may provide a 
way to reduce pressure on natural resources and increase rural wages.  On the other hand, increasing local 
incomes may increase local demand for the resource.  Liese et al (2007) discuss the importance of input 
and output market integration for open access fisheries.  They demonstrate that labor market structure 
matters for understanding potential development impacts on open access resources.  Market integration, 
resulting in price changes, may provide a tool for policymakers to reduce pressure on open access natural 
resources, but the consequences are not straightforward.  Under some circumstances, promoting economic 
growth in other sectors can be a feasible second-best alternative (or complement) to privatization in 
contexts where privatization may not produce desired outcomes, as discussed above.  We now investigate 
the circumstances that will likely lead to decreased pressure on an open access resource. 
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II. A General Equilibrium Model of Open Access Labor Allocation  

The potential impacts of other-sector price changes on natural resource extraction can be illustrated using 
a 2-sector general equilibrium model with a labor market that links the two sectors.  Our model consists 
of two production activities and a representative consumer that consumes the output of the production 
activities.  The consumer supplies labor, the only input, to the production activities.  The different sectors 
and labor market may or may not trade with the outside world, depending on market structure 
assumptions. 

A. Production 

The first production sector consists of a private activity, agriculture, where a scarce factor (land) means 
that production exhibits decreasing returns to labor.  The production function takes the following form: 

1
2

 

with	 , 0.  The representative producer, who takes labor prices as given, will solve the following 
optimization problem: 

max
1
2

 

The profit maximizer will set the value of the marginal product of labor equal to the wage, resulting in the 
following demand for labor: 

∗  

The second production sector, an open access fishery, will not maximize profit.  Instead, homogenous 
labor will enter into the sector as long as the value of the average product exceeds the wage.  Given the 
following steady-state production function, 

1
2

 

with , 0	the average product in the fishery will equate with the wage such that 

∗
1
2

 

Notice that this economy leaves money on the table as less fishery-labor would result (in the long run) in 
a higher value of production.  The values of  and  in the fishery production function come from 
logistic growth dynamics of a fish population and a Schaefer-type production function in a given period 
(see Appendix I for a description of this relationship).  All results from this model will apply to long-run 
or steady-state outcomes.  Figure 1 illustrates the inefficiency in production that comes from the TOC in 
the open access fishery.  By equating wage to the average product of labor in the fishery, rent in the 
fishery sector (which should be paid because fish in the water represents a scarce input, like land) gets 
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competed away.  Each point on the average and marginal product curves in the fishery represents a steady 
state level of labor and the fish stock that results.  The more labor in the sector, the lower the (steady-
state) fish stock. 
 

 

 

B. Consumption 

The consumer maximizes utility from consuming the output of the fishery and agricultural sectors.  His 
constrained maximization problem takes the following form: 

max
,

, 		 . .		  

The budget constraint simply says that the value of what the consumer buys must not exceed the profits 

from production plus the value of the endowment of labor,	  and exogenous income, y.  For now, we 
ignore the value of leisure.  Assuming Cobb-Douglas utility with budget share parameter α for the 
agricultural good, demand functions take the following form: 

∗ ∗ α	, 

∗ ∗ 1 α 	 

Consumption will depend on the profits from production activities and prices that could be endogenous or 
exogenous. 

C. Market Clearing 

Market clearing depends on the nature of trade with the outside world.  Consider four market scenarios: 

1. All prices exogenous 

Fishery LaborAg Labor

$

Agriculture Fishery

Total 
labor 
demand

wage

Figure 1: Inefficiency of Open Access Fishery as Value of 
Average Product Equates with Wage

Labor is over‐allocated to the fishery, equating the fishery value average product (VAP) 
to the agricultural value of marginal product (VMP).

VMP

VAP

Land 
Rent

VAP

VMP
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In the simplest case, all prices, including the wage, come from outside the economy and agents will trade 
all goods and labor with the rest of the world.  The input and output demand functions presented above 
provide enough information to know the amounts of each good consumed and produced.  The only real 
constraint for the economy is that total purchases from the rest of the world cannot exceed total sales.  In 
many contexts the assumption of all-exogenous prices may not hold; transaction costs create price bands 
resulting in endogenous local prices.  Any good or input that the economy does not trade with the outside 
world will have a local equilibrium price at which the market clears.  

2. Output prices exogenous, fixed labor supply2 

In the slightly more complicated case of exogenous output prices and fixed labor, the local wage will 
adjust to equate the value of the marginal product in agriculture with the value of the average product in 
fishing.  The endogenous wage will take the following form: 

∗

1
2

1
2

1
2

 

This equation highlights the economic linkages between sectors when one good or factor is fixed within 
an economy.  Price increases in one sector then affect the wage in the entire economy.  Labor allocation 
to the agricultural sector is: 

∗

1
2

1
2

 

Because the economy has a fixed labor supply, labor not demanded in agriculture goes into the fishery: 

∗

1
2

1
2

 

3. Endogenous fish demand and wage, exogenous agricultural output price 

If, in addition to non-traded labor, the economy does not trade fish with the rest of the economy (due, for 
example, to the high perishability of fresh fish), there is an additional market clearing condition 
determining the local equilibrium price of fish.3  Now, 

∗ ∗ 	 

                                                            
2 A fixed labor supply represents an extreme case of an upward sloping labor supply, creating an endogenous wage 
in the economy. 
3 For a striking illustration of local fish-price endogeneity see Robert Jensen, “The Digital Provide: Information 
(Technology), Market Performance, and Welfare in the South Indian Fisheries Sector,” The Quarterly Journal of 
Economics CXXII(3), pp. 879-924, August, 2007.  
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∗ ∗ ∗ ∗ ∗

∗ 1 α ∗ 1
2

∗  

Where ∗  and ∗  represent the optimal labor allocation between the two activities. This equality 
implicitly defines the equation for the price of fish as a function of parameters , , , , , , , and the 
exogenous . 

4. Endogenous fish demand and exogenous wage and agricultural output price 

If the local labor market is closely integrated with outside labor markets the economy will take the wage 
as given. Without external trade in fish, the price of fish is determined by the market clearing condition in 
case 3 but with a constant wage.  Only exogenous parameters will determine agricultural decisions, so the 
solutions for agricultural production in this case will match the results from case 1.   

D. The impact of an agricultural price change 

What does this imply for the impact of agricultural sector price changes on the fish resource?  Using the 
theoretical model, we can simulate the impact on the fishery of an exogenous price increase in agriculture.  
In our Northern Honduras study site (described below), households produce palm oil for export and fish 
in a local lagoon. The price of palm oil is linked to the price of petroleum, for which it is a substitute.  
Recent improvements in palm market integration have caused a rapid increase in the price of palm that 
producers face.  We explore analytically the impacts of an increase in the price of palm oil in the 2-sector 
model under each of the four market scenarios discussed above.  

1. All prices exogenous 

In this context, an increase in the agricultural price increases the value of the marginal product (VMP) of 
labor in agriculture.  This means an outward shift and a steeper slope of the VMP curve in Figure 1.  
Since this economy trades labor with the outside world, more labor stays in the local economy, and 
agricultural production increases.  The wage remains constant, equal to the exogenous external wage.  An 
exogenous fishery price means that no change will occur in the fishery.  Comparative statics reveal these 
results: 

∗

0 

And  

∗

0 

  Figure 2 illustrates the impact of a price increase with all prices exogenous. 
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An alternative market structure that would produce the same results as described here includes the 
situation of an economy with unemployment as in Lewis (1954). Then, increases in labor demand come at 
no opportunity cost.  The wage remains stable at a subsistence level and increases in labor demand simply 
pull labor in from unemployment.  Either way, in this scenario price changes in agriculture do not 
transmit to the open access fishery. 

2. Output prices exogenous, fixed labor supply  

In the world of a fixed labor supply, an increase in the price of agriculture again implies an increase in the 
VMP and demand for labor in agriculture.  But, in order to bring labor out of the fishery, the wage must 
increase.  As labor leaves the fishery the value of its average product increases, and the fish stock 
increases.  Figure 3 illustrates this production effect.  Comparative statics of labor allocated to the fishery 
confirm that labor demand in the fishery decreases given that the average product in the fishery will not 
fall below zero. 

∗

	

1
2

1
2

1
2

		 0		 	 ∗ 0 

 

In the world of fixed labor, a positive wage, and exogenous output prices, an increase in the price of 
agriculture has unambiguous results.  The economy wage increases, less labor participates in the fishery, 
and the fish stock rises.  In this case, the price change in the other sector decreases pressure on the 
commons and improves the wages of the fishermen who remain. 
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3. Endogenous fish demand and wage, exogenous agricultural output price 

In the third case results become analytically less clear.  As before, an increase in the agricultural price 
shifts out the VMP of labor and increases labor demand (arrow 1 in Figure 4).  This initially puts upward 
pressure on the wage and pulls labor out of the fishery (arrow 2).  But, because the price of fish must 
adjust so that the market clears, the story does not stop here.  Richer farmers and workers demand more 
fish, and this increases the price of fish, shifting the value of the average product in the fishery outward 
(arrow 3), pulling labor back into the fishery, and further increasing the wage (arrow 4).  The demand 
effect counteracts the production effect and may even cancel it out.  Numerical simulations show the net 
effect to be ambiguous. 
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4. Endogenous fish demand and exogenous wage and agricultural output price 

In this final case, the results again become relatively straightforward, and perhaps alarming.  In Figure 5, 
an increase in the price of agriculture increases the VMP of agriculture (arrow 1) and labor demand.  
Profits increase, stimulating local demand for fish and putting upward pressure on the price for fish; this 
shifts out the value of the average product in the fishery (arrow 2). Since the wage does not change in this 
scenario, more labor enters the fishery (arrow 3).  If this extra labor is drawn from local unemployed 
workers, the effect on the price of fish will become magnified by a demand effect.  If the labor comes 
from outside the economy, only the profit effect will increase the local demand for fish.  Either way, an 
increase in the price of agriculture leads to an increase in labor in the fishery and more pressure on the 
commons.   

 

 

A price change in a non-resource sector thus can have ambiguous impacts in the resource sector.  From 
this exercise, we can synthesize conditions under which other sector price increases can potentially help 
or harm a natural resource and the people that depend upon it.  For example:  

1. Local other-sector price increases will not help the resource sector if: 
a. The economy has significant unemployment or 
b. Labor can easily flow into and out of the local economy 

2. Other-sector price increases likely will decrease pressure on the resource and improve the 
livelihood of the remaining extractors if: 

a. The economy has a fixed or inelastic labor supply 
b. The natural resource has an exogenous price 

3. Other-sector price increases will have an ambiguous impact on the natural resource sector if: 
a. The economy has a fixed labor supply and 
b. The natural resource has a locally-determined price 

4. Other-sector price increases will likely harm the natural resource if 
a. The resource has a locally determined price and 
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b. The economy has an exogenous wage 

This model shows potential impacts of other-sector price changes on natural resource extraction and 
levels in the long run.  It also highlights the types of market structures that will allow other sector price 
changes to help or harm natural resources and demonstrates that resource users can improve their 
economic situation (and resource levels) without eliminating the TOC.  The dissipation of scarcity rent 
continues.  In the long run, resource users should aim to correct this inefficiency; however, in the short 
and medium terms economic changes in other sectors can improve wages and resource stocks. 

Understanding how this model applies to the real world requires a more complete model that captures 
actual connections between natural resource extraction and other sectors and allows for different market 
structures for each output and input.  In the next section we simulate impacts in a local economy-wide 
model calibrated with field data. 

 

III. Localized Economy-Wide Impact Evaluation with an Open Access Resource: The Case of a 
Northern Honduran Artisanal Fishery 

We calibrate a generalized version of the analytical model presented above using data from a group of 
coastal communities in Northern Honduras close to the town of Tela. Due to a lack of roads, these 
communities are isolated and their markets are not fully integrated with the rest of Honduras.  The 
communities rely heavily on artisanal fishing, with 63% of the local economy GDP coming from fishing 
and fish sales.  Fishing is carried out in a local lagoon as well as the near shore coastal fishery.  The 
fishery does not have any well-enforced regulation, although for a period of two months per year (May 
and June) the lagoon-fishery officially closes. 

Besides fishing, the communities around the lagoon have various other economic activities, including 
agriculture, production, services, retail, and tourism activities.  The general-equilibrium model includes 7 
production activities and 6 factors (plus fish in the sea as an input to fishing).  Households trade several 
products with the rest of the world, including fish and agricultural output.  This is an ideal site in which to 
assess the potential for other-sector price changes to reduce pressure on the common resource for at least 
two reasons. First, the chief agricultural activity in the region is palm-oil production. The value of 
marginal product increases with the palm-oil price. Our model suggests that this increases the demand for 
seasonal labor, which could come from the fishery.  Second, the national government has invested 
millions of dollars in tourist infrastructure along the coast near the communities, potentially creating an 
exogenous increase in demand for tourism services including restaurants, hotels, and boat tours. 

The Data 

The data for this model come from fieldwork carried out in the Spring of 2012.  Households in 14 
communities in the Tela Bay area were randomly selected and surveyed. All of these communities are 
located within either of 2 national parks (Punta Izopo and Jeannette Kawas).  The sample size was 154 
households.  Fishermen in all of the communities exploit an open access lagoon called Laguna Los Micos.  
The household surveys provided information on economic activities, incomes, and expenses within the 
communities and in the central town of Tela.  This information was used to construct a Social Accounting 
Matrix (SAM) for the coastal villages (see appendix II for the SAM).  The SAM represents a snapshot of 
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the flows of money through the community economy during the year targeted by the survey (2011).  The 
community SAM highlights the linkages among sectors, markets, and the rest of the world and includes 
accounts for local trade, trade with the rest of the world, and government tax and expenditures, based on 
the village modeling methodology of Taylor and Adelman (2006). 

The model 

This model consists of 7 production activities, 6 factors of production, and one representative household 
that consumes output from the local economy and from the rest of the world.  In addition there is a 
government account and external trade.  Cobb-Douglas consumption and production functions are 
assumed for each activity. The model was calibrated using the data from the community SAM.  Budget 
shares are obtained from the household column in the SAM, which provides household expenditures on 
each good obtained within the community and from the outside.  All prices in the base calibration of the 
model are set to one.  This assumption works because units adjust so that whatever unit’s price equals 1 
becomes the relevant unit for the activity or factor. 

Cobb-Douglas production functions were calibrated from the activity columns in the SAM.  Cobb-
Douglas exponents are calculated as the share of payment to each factor in total value-added (the sum of 
payments to all factors) in each activity.  Intermediate inputs other than factors are modeled with 
Leontieff coefficients; their demand is a constant fraction of total output.   

Exogenous actors buy the marketed surplus (MS) of tradable local production (or sell to the community if 
MS<0). 

Family versus hired labor 

The model separates hired from family labor in the communities because of their big differences in 
productivity in the agricultural sector.  F-tests easily reject the null hypothesis that hired and family labor 
have the same marginal productivity on the farm with an F-value (1,145) of 97.01.  Interestingly, the 
same test in the fishery does not reject the null hypothesis (F(1,148) = 3.12) that their marginal 
productivities are equal.4  We model family labor as fixed in the economy, and since the marginal 
productivity of hired labor in agriculture remains low compared to hired labor, there exist significant 
diminishing returns to scale.  On the other hand, in the fishery hired labor can substitute fairly easily for 
family labor; thus, hired labor can replace some of the family labor that is pulled out by changes in returns 
in other sectors. 

The fishery 

Fully parameterizing the fishery sector is always a challenge because one important input does not 
appear: the amount of fish in the water.  Fish in the water represent an important input to fish on the dock, 
the output of the fishery sector.  In an open access setting like our study site, fishermen make no payment 
to this input (the only cost is a relatively cheap annual license), which results in its inefficient overuse.  
Inasmuch as the fish stock is unknown, the observed amount of labor and capital allocated to the fishery 

                                                            
4 Here, as in other applied fisheries research, the fishery production function estimation does not contain the fish 
stock and so has a missing variable problem, causing coefficient estimates to be biased. It is not clear how this might 
affect a comparison of marginal productivities of family and hired labor. 
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are assumed to represent the open access steady-state amounts of effort.  The open access resource stock 
will adjust with fishing effort. 

To capture the open access nature of the fishery diminishing returns to scale are assumed in the fishery in 
the short-run, as in Persson and Munasinghe (1995).  The fishery has three inputs in the community SAM: 
two types of labor and capital.  If the production function included the fish population it would seem 
reasonable to assume constant returns to scale.  Without modeling the resource stock, which shrinks as 
effort increases in the fishery, the fishery exhibits decreasing returns to scale in labor and capital.  More 
effort in the fishery causes each unit of effort to be less productive as more people compete for fewer fish.  
Due to lack of data, the resource stock contribution to the value of production is specified as 0.4 and 
sensitivity analysis is performed.  The remaining 60% of the value of production is assumed to come from 
labor and capital.  Because of the open-access nature of the fishery, individual fishermen do not choose 
the resource stock in their optimization problem.  They simply consider the returns to capital and labor 
and do not value the resource stock and its value in the future.  This situation causes the classic TOC.  
Appendix III contains the details of the fishery sector calibration.  Because of these assumptions, this 
exercise provides useful qualitative results but not necessarily accurate predictions of exact impacts. 

Policy experiments 

The Tela Bay area economy is modeled with 2 tradable goods (agricultural output and fish resell).  Other 
sectors (retail, services, fishing, and production) have locally determined prices because of the 
transportation costs required to arrive to the remote communities to provide goods and services.  Most (62 
percent) of retail consists of intermediate inputs which are tradable with exogenous prices; thus, to a large 
extent retail represents an import sector for the local economy. High-skilled labor (doctors, lawyers, 
teachers, etc.) and low-skilled labor (farmers, fishermen, etc.) have exogenous wages; workers commute 
to and from the communities around the lagoon.  Family labor is fixed within the community but can shift 
from one occupation to another (e.g., from fishing to farming).  Many people from surrounding areas 
come to work on palm plantations and from as far away as San Pedro Sula to exploit the fishery.  An 
infinitely elastic supply of hired labor resembles scenario 4 from the modeling exercise above.  The fixed 
amount of family labor corresponds more to scenario 3.  Experiments will demonstrate how the different 
factor market structures interact to produce the final impact in the fishery. 

We use the model to perform the following experiments designed to understand the impact of other sector 
growth on the fishery: 

An increase in the price of agricultural production (Table 2) 

Recent agricultural price increases result from increases in the price of African palm and decreases in 
transportation costs. We simulate a 3% increase in the price of agricultural output and find that family 
labor leaves the fishery to take advantage of the higher agricultural price but hired labor from outside the 
communities enters the fishery to exploit the increased local demand (and price) for fish.  In this case 
there is both a production effect (because of fixed family labor, as in scenario 3) and a demand effect 
(from local demand for fish).  The increase in agricultural price increases local land rents and causes an 
increase in labor demand in the agricultural sector, which pulls family labor out of the fishery and puts 
upward pressure on incomes.  This increases the local demand for fish, pushing the price of fish up.  This 
demand effect, in turn, pulls some of the family labor back into the fishery but not enough to cancel out 
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the initial production effect.  More fishermen come from outside the community as returns to fishing 
increase and fewer local fishermen leave the fishery than would without the demand effect.  Overall, there 
is less fish production than before the price change (Table 1), implying an increased steady-state stock of 
fish.  In the empirical exercise, which is a hybrid of scenario 3 and 4 from above, the increase in 
agricultural price leads to more labor in agriculture but a supply of labor from other areas allows 
increased hiring without increasing wages for hired labor (consistent with scenario 4 from above).  This 
means hired labor can increase in the fishery as returns to fishing increase.  Because agriculture in the 
Tela Bay Area is labor intensive, the increase in output price causes land-owners to hire extra labor from 
outside the communities to greatly increase production.  This happens as many farmers move from 
subsistence production of products such as corn and beans to production of African Palm. 

 

 

Other policy experiments and market structures 

To more fully understand the impacts of market structure on the ability to pull effort out of an open access 
resource sector, we perform various market structure experiments to see how the above results change. 

a. Tradable Family labor 

One alternative market structure would include tradable family labor.  This scenario may happen as 
family labor leaves the communities to work in nearby Tela or on other farms outside the community.  
Other families could also enter the park to farm and fish.  This scenario seems possible in this context as 
property rights over land are not always well defined.  If family labor is tradable, this creates a situation 
most similar to scenario 4 from above.  Table 2 illustrates how different market scenarios change the 
impacts of other sector changes on the amount of labor allocated to the open access fishery.  Column 2 

Agriculture Fishing Fish‐resale Retail Services Production Tourism

Prices 3.000 2.236 0.000 1.402 1.805 1.222 0.000

Consumption ‐1.690 ‐0.956 1.259 ‐0.141 ‐0.536 0.037 n.a.

Production 6.886 ‐0.022 ‐0.317 ‐0.118 ‐0.100 0.007 ‐1.966

Factor demands

Family labor (non‐tradable) 7.402 ‐1.615 ‐4.948 ‐0.564 ‐0.163 ‐1.038 ‐5.735

Low‐skilled hired labor (tradable) 11.697 2.319 0.000 3.412 3.830 2.920 ‐1.966

Skilled labor (tradable) ‐1.96569

Fish capital n.a. 0.077 n.a. n.a. n.a. n.a. ‐4.114

Wages

Family labor

Low‐skilled hired labor

Fish capital

Marketed Surplus 11.865 n.a. ‐2.029 n.a. n.a. n.a. ‐1.966

Traded/non‐traded traded non‐traded traded non‐traded non‐traded non‐traded traded

Total income

Compensating Variation (million lempiras) 4.103

Table 1: 3% Increase in Agricultural Output
Percent Changes

3.999

0.000

2.241

1.259
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shows how introducing tradable family labor produces the result predicted by scenario 4.  Because there 
is an endogenous fish price, but tradable labor, increases in agricultural land rents mean an increased local 
demand for fish.  This increases the returns to fishing and pulls labor into the fishery, increasing 
production and decreasing steady-state fish stocks.  Under this scenario, welfare gains from the 
agricultural price increase are not as large as when family labor is not traded. 

b. An ability to restrict the users of the national park 

One possible change in market structure would be for the communities to have the ability to exclude all 
new labor from outside areas.  This could be a desirable policy as the communities reside within a 
national park and it could be advantageous to restrict the population that can use the resources of the park.  
Column 3 of table 2 shows that restricting the community labor supply allows the production effect to 
dominate the demand effect even more than in the base case.  Scarce labor means that land owners must 
bid workers out of the fishery.  This results in higher community wages and less fishing effort.  The 
increased wealth leads to a small price increase of local fish but not enough to cancel the production 
effect that pulls labor out of the fishery.  Also, this scenario (as well as the base case) counter-intuitively 
results in price increases causing a decrease in production of fish.  While in isolation this is unexpected, 
the general equilibrium framework explains why this should occur.  The community welfare increase 
under this scenario is around double the increase when labor is allowed to enter from outside.  This 
suggests that there may be both environmental and economic gains to limiting the number of people 
eligible to work and fish within a national park. 

Another policy regarding access to park resources includes restricting hired labor in the fishery to not 
exceed current levels.  This policy achieves all the reduction in fishery effort that occurs when excluding 
all new labor from the park.  As a result fish stocks will improve in the long-run and at the same time it 
allows agricultural producers to increase production by hiring labor from outside the communities.  The 
increase in income is bigger under this scenario than that which excludes all outside labor but because of 
bigger local price increases, local welfare (compensating variation) increases slightly less. 

c. Tradable production, bigger agricultural price increase, direct fish sales 

If community members can trade local production with the rest of the world, fish production decreases 
more than in the base case as a result of agricultural price increases.  In this case agriculture pulls more 
labor away from production even with tradable labor.  This can be explained by the fact that consumers 
can substitute towards production output without exerting upward pressure on the price.  On the other 
hand, increasing demand for fish increases its price.  Therefore, we see a substitution away from fish 
consumption, causing a fall in the local demand for fish.  This also results in a decrease in the fish price. 

As expected, increasing the magnitude of the agricultural price change (column 5 of table 2) magnifies 
the original results.  As local land rents increase even more, big increases in local fish prices attract 
fishermen and labor from outside the economy to take advantage of the increased returns in the 
communities.  Again, without the ability to exclude labor from the national park, other sector changes 
cause an increase in pressure in the open access fishery. 

Finally, when fishermen trade directly with the outside world instead of going through middlemen (or 
women, as tends to be the case) there is a bigger decrease in fishery production as labor is pulled away 
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from the fishery and into agriculture and local increases in demand do not affect the price of fish.  In this 
case the fishermen start with the higher fish price paid in city markets but when the agricultural price 
changes, there is no demand effect because this price is fixed.  In this case overall fish production falls as 
fish capital diverts to tourism activities and local consumption of fish increases.  This case corresponds to 
scenario 2 where there is an exogenous fish price.  Since family labor is fixed in the economy, the 
production effect pulls labor out while the demand effect is not there to pull in the opposite direction. 

d. Increase the price of tourism activities 

This experiment is motivated by recent investments in tourism made by the national government which 
will likely increase demand for tourism-related activities.  As expected, this pulls scarce fishing capital 
out of fishing and into tourism.  This seems logical as one of the big tourism activities for the 
communities includes using their boats to carry tourists to see the sites in the national parks.  Even as 
labor increases in the fishery, total production and fishing effort decrease because less capital stays in the 
fishery.  This occurs because fishing capital (in the short-run) is fixed within the economy.  As before, 
limiting outside labor results in a bigger drop in production and less labor will enter the fishery to 
substitute for the lower levels of capital.  

 

 

 

Sensitivity analysis 

Since we do not know the true contribution of the resource stock to the value of fishery production, we 
vary this share from 0.1 to 0.9 to see how the change in fishery labor depends on this assumption.  Figure 
6 shows how the changes (in fishery effort and production) depend on this assumption.  The assumption 
does not change the results qualitatively.  In all cases, an agricultural price increase pulls family labor out 
of the fishery but since labor is hired in from outside, it replaces the family labor in the fishery but never 
enough to cause an increase in fishery production. We performed similar analysis to examine the effect of 
different ways of aggregating economic activities and different market structures.  Comparing these 
results to actual outcomes is comparable to the exercise performed in Filipski and Taylor (2012) where 
they determine the market structures under which agricultural input subsidies could represent an efficient 

Non‐traded 

family labor 

(base case)

Traded 

family 

labor

Excludable 

low‐

skilled 

labor

No new 

outside 

fishery 

labor

Tradable 

production

10% Ag 

price 

change

Direct 

fish trade

3% 

increase 

in 

tourism 

price

Local fish price 2.236 0.033 3.611 3.853 ‐0.469 7.473 0.000 0.229

Fish production ‐0.022 0.004 ‐0.038 ‐0.044 ‐0.312 ‐0.068 ‐0.749 ‐0.001

Family fishing labor ‐1.615 0.012 ‐0.493 ‐0.475 ‐1.223 ‐5.128 ‐3.705 0.092

Hired fishing labor 2.319 0.012 ‐0.073 0.000 ‐0.869 7.743 ‐0.870 0.248

Fishing capital 0.077 0.000 0.173 0.121 ‐0.021 0.238 ‐0.008 ‐0.135

Total income 1.259 0.204 1.821 1.637 0.099 4.259 0.569 0.147

CV/Welfare (million lempira) 4.103 0.639 5.955 5.491 0.196 13.957 1.571 0.565

Table 2: Comparison of Fishery Impacts under different Market Scenarios
Percent Changes
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transfer to poor farmers.  As in their study, we find that market structure tends to matter (highlighted 
above) for the impacts of price changes in this setting.  In this case different aggregation methods do not 
qualitatively alter results. 

 

 

 

 

Thus far the model has examined impacts of other-sector price changes when the community labor supply 
is either fixed (family labor) or infinitely elastic (hired labor).  In reality, the community may face an 
upward sloping labor supply as increasing wages bring more people in from outside without attracting a 
potentially infinite supply because of increasing transport costs.  In order to see how this supply elasticity 
affects results, an upward sloping factor supply curve is introduced to the model and the elasticity is 
varied from zero to 1.5 to investigate when the impacts in the fishery change qualitatively.  Figure 7 
shows how the change in labor supply elasticity affects the change in labor in the fishery as a result of a 
3% price increase in agriculture.   
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Figure 7 makes clear that as the labor supply becomes more elastic, it becomes harder to reduce fishing as 
a result of agricultural price changes.  These results are qualitatively similar if hired labor remains 
infinitely elastic while family labor has an upward sloping supply curve.  Finally, figure 8 shows how 
total fishing effort changes as factor supply elasticities for all inputs (except high-skilled labor) vary from 
0 to 1.5.  This figure illustrates how labor and capital are substituted as factor supplies become more 
responsive.  Family and hired labor are always drawn out of the fishery but increases in local fish prices 
draw capital into the sector to replace the reduced labor.  With high enough supply elasticity the fishing 
capital increase more than offsets the decrease in labor allocated to the fishery, resulting in an increase in 
production and lower steady state fish stock level.  This underscores the importance of modeling the 
inputs separately. 
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I. Discussion, Policy Implications, and Caveats 

The local general-equilibrium approach offers insights into the incentives that current and potential 
natural resource users face and the potential impacts of other-sector price changes on a common resource. 
In the context of the Northern Honduran Fishery, as long as family labor remains non-tradable (with an 
endogenous price) agricultural price increases will result in a reduction in effort allocated to the fishery.  
This means a higher steady state fish stock will result and could be the beginning of reducing effort in the 
fishery to more optimal levels.  Also, tourism development may reduce pressure on the fishery in the 
short-term as fishing capital (boats) diverts to tourism activities.  In the medium term, increased 
investment in boats and other tourist infrastructure may reduce this effect as long as labor from outside 
can flow freely into the communities to fish.  In all cases, hired labor will replace a large part of any 
reduction in family labor or capital in the fishery.  The TOC fish population will not increase as much as 
if the communities could limit the labor that comes from outside. 

Under any other-sector price changes, limiting the amount of labor entering the economy from the outside 
can augment the local benefits associated with the price changes.  As seen in Table 2, the welfare increase 
with limited labor is larger than when labor can be hired from outside the economy.  With limited labor, 
wages increase more in the community economy and the fish stock in the lagoon improves, leading to a 
higher average product of family labor in the fishery.  This increase becomes smaller as the fish stock 
provides a higher proportion of the value of output.  A direct policy that comes from this result includes 
crafting a way to exclude labor that comes from outside the national parks or Tela Bay Area.  For 
example, local communities could charge outsiders a boat-launch fee or issue a license to fish.  Revenues 
from these programs could help maintain infrastructure in the communities and enforcement of the rules.  
A more extreme policy may include the national government giving exclusive use-rights to the national 
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park communities.  This is a challenging policy to implement as Honduran law currently considers the 
country’s fish resources as patrimonio nacional, and cannot restrict access rights to fisheries. 

While this modeling framework provides useful insights, it has a few shortcomings.  First of all, we have 
modeled the communities with a representative consumer and so do not fully capture the distributional 
implications of price changes.  Winners and losers will emerge as local prices increase and decrease.  An 
agricultural price increase may help farmers while hurting households that buy agricultural output.  A 
more complete breakdown of the communities into different household types may reveal more about the 
distribution of impacts discussed in this paper. We leave this exercise to future work. 

This modeling result also relies on the existence and strength of economic linkages reflected in the SAM.  
In reality these linkages may be stronger or weaker than we assume in this modeling exercise.  Fishermen 
may resist transitioning into other sectors.  On the other hand, fishing is a dangerous and volatile income 
source and so the prospect of a better-paying, consistent job may quickly pull people out of fishing.   
Also, different economic activities may happen at different times of the year, meaning that intra-annual 
variation in labor demand may diminish the ability of one sector to draw labor from another.  In the 
Honduras context, a survey question addressed this issue and found that while some agricultural labor can 
be seasonal, fishing occurs year-round (labor for palm production is also year-round).  This implies the 
potential existence of a linkage during a large part of a year.  Current empirical work aims to identify the 
existence and strength of linkages between other-sector price changes and natural resource use. 

A final worry about the above exercise is the land-use implications of higher agricultural prices.  We 
model agricultural land as fixed given that it lies mostly within a national park.  This assumption relies on 
the ability of national park officials to successfully contain encroachment into the park from private 
farmers.  If not, the forest resources of the park will face increased pressure.  In addition, large-scale 
agriculture like palm plantations tend to use large amounts of chemical pesticides and fertilizers, which 
may cause harm to local forest and marine ecosystems.  Local governments must enforce rules limiting 
the use of harmful chemicals in or near the national parks. 

This exercise has shown the potential to improve livelihoods and natural resource stocks but has not 
shown a way of achieving a first-best result, which would equalize the marginal product of effort in the 
fishery with its opportunity cost (e.g., the wage in agriculture).  Achieving this would require accounting 
for the contribution of the resource stock to current and future production.  Agricultural price changes can 
draw labor out of an open access fishery, but labor may move in from outside to fill the gap. The capacity 
to exclude future users may represent an important first step towards addressing the TOC (and allow 
current fishermen to more easily rationalize the fishery). However, in the long-run, achieving efficiency 
will require reducing current users’ incentives to over-fish as well, e.g., by privatizing the fishery through 
tradable quotas or exclusive use-rights granted to a cooperative of fishermen. Other informal institutions 
may perform similarly. A key concern in this area includes the distribution of the resource rents created as 
a result of rationalization. Making sure the rents reach broadly into the communities goes hand-in-hand 
with the creation and maintenance of these institutions. In the future we plan to extend the current model 
to simulate privatization and its potential impacts on the level and distribution of community wealth.  

II. Conclusion 
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In this paper, we show theoretically how economic linkages connect open access resources to the rest of 
the economy in a developing economy.  Using this model, we explain that the existence and strength of 
the linkages depend on market structure and whether prices are endogenous or exogenous to the local 
economy.  If all prices are determined exogenously, there should be no linkages between different sectors.  
On the other hand, if transaction costs create isolated markets, endogenous prices and wages can form 
linkages between different sectors.  In this context, price changes in other sectors have ambiguous 
impacts on effort allocated to an open-access fishery.  The net effect depends on the relative strength of 
two effects that pull in opposite directions.   

To see the likely net impact in a real-world setting, we use a calibrated local general equilibrium model to 
demonstrate consequences of price changes in other sectors for an open access fishery in Northern 
Honduras.  We find that agricultural price increases can pull local labor out of the open access fishery but 
that the effects are mitigated by an increasing local price for fish and labor that enters the fishery from 
outside the local communities.  There is a slight reduction in total fishing effort, implying a higher steady-
state fish population.  Similarly, tourism development can pull local capital out of the fishery but 
increases in local fish prices greatly reduce the total reduction in fishery effort. 

The results presented here highlight the potential pathways through which market integration in non-
resource sectors can lead to a reduction (or increase) in the pressure placed on an open access resource 
when some factors of production have limited supplies.  Providing resource users with other opportunities 
can reduce their incentives to drive a resource to low levels.  On the other hand, increasing demand for 
open access resources can accelerate their depletion, especially if outsiders have easy access to the 
resource.   

An important contribution of this paper includes the generation of sharp hypotheses regarding the strength 
and qualitative nature of economic linkages between open access resource sectors and the rest of the 
economy.  These hypotheses provide a sound base for future fieldwork that tests the impacts predicted by 
the local general equilibrium model.  Due to data limitations, this remains a qualitative exercise but it 
points to the importance of collecting data series that exhibit cross-sectional variation in economic 
variables together with time-series data on fish biology and prices.  Without time-series data on fish 
populations and fishing effort it remains difficult to characterize and fully parameterize a fishery’s bio-
economic dynamics.  Because of this, there is need for data collection efforts that focus on generating 
long time-series with sufficiently high resolution to capture the dynamics of important fish species.  
Following developed-world fisheries analyses, combining these data with household panel data in 
developing countries will facilitate the accurate calibration of future models for economy-wide impact 
analysis in economies with open access resources.  With these data, we can more confidently describe 
how an open access fishery fits within a broader, local economy. 

The results of this paper demonstrate the importance of considering general equilibrium linkages when 
studying developing-world renewable resource sectors.  We show how price changes that result from 
other-sector market integration impact the welfare of local, open access resource users.  We also discuss 
the implications of this for the quality of open access resources.  The modeling exercise highlights the 
market structures which most favor drawing resource users out of an open access resource sector by 
creating other job opportunities.  It also exposes current data limitations and provides direction for future 
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data collection efforts.  Establishing use-rights alongside integration can lead to larger gains in the short-
run and potentially lower the costs of implementing a first-best management policy in the medium term.   

A better understanding of how resource users decide to extract a resource allows identification of the 
impacts of market integration and price changes in other sectors.  Micro general equilibrium modeling can 
differentiate between areas where there are both environmental and economic gains and those where 
economic development will likely further erode environmental resources.  This could focus sustainable 
rural development efforts in economies with open access resources where there is space for both 
environmental and economic gains for resource users while concentrating conventional management 
policies in areas where development will lead to increased pressure on resources.  
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Appendix I:  A long-run model of a dynamic fishery system 

Given a Shaffer production function for fish in time t, 

, ,  

Where , is the quantity of fish caught in time t,  is the level of fish stock in t, and q is a catchability 

coefficient.  The fish population exhibits logistic growth of the following form: 

	 1 ,  

Where r is the intrinsic growth rate of the population, K is the carrying capacity.  And the steady state 
level of fish comes from setting the 	  and solving for x: 

 

Substituting this level of x back into the original production function gives this steady state production 
function: 
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Where m=	  and n =2 . 

 

Appendix II: 2011 Social Accounting Matrix for national park communities Tela Bay Area, 
Honduras. 

 

 

 

Appendix III: Description of Fishery Calibration 

The true fishery production function takes the following form: 

		,			 1 

But we only observe the value paid to labor and capital.  The shares of family and hired labor in the 
fishery production function are not statistically different so for conciseness, we present labor as one 
factor.  This will represent the factor demands and give their share in production.  We specify 0.4 in 

the base model.  Therefore, we only have information on the diminishing returns production function: 

	,					 	 0.6 

This will imply the following about how the unobserved, and unaccounted for resource level will enter 
into the value of production: 

Agriculture Fishing Fish resale Retail Services Production Tourism

Governmen

t Households

Family 

labor

Low‐skilled 

labor

High‐skilled 

labor

Fishing 

capital Land

Physical 

capital

External 

trade Total

Agriculture 3.38 6.57 1.65 1.91 14.81 28.32

Fishing 1.53 2.06 2.62 132.10 138.32

Fish resale 6.92 6.36 13.28

Retail 15.40 1.01 0.34 67.60 84.34

Services 0.16 0.01 3.61 4.59 8.37

Production 0.02 10.38 46.78 57.17

Tourism 7.68 7.68

Government 12.34 12.34

Households 0.22 0.19 77.41 40.21 37.89 67.11 2.45 22.36 177.39 425.23

Family labor 11.68 35.75 0.26 12.51 2.48 14.73 77.41

Low‐skilled labor 2.42 21.28 1.15 0.01 5.39 9.97 40.21

High‐skilled labor 3.49 0.17 34.23 37.89

Fishing capital 65.89 1.22 67.11

Land 2.45 2.45

Physical capital 3.85 13.80 1.35 0.38 2.97 22.36

External trade 8.23 7.63 49.31 4.53 32.59 11.95 319.66 433.90

Total 28.32 138.32 13.28 84.34 8.37 57.17 7.68 12.34 425.23 77.41 40.21 37.89 67.11 2.45 22.36 433.90 1456.37

Tela Bay Area Communities Social Accounting Matrix
(Millions of Lempiras)
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Also, we can determine the value-added price by subtracting the value of inputs from the value of total 
output.  Given this, factor demands will not equal simply the exponent on that factor times the value-
added value of production divided by the price of the factor, as in the constant returns (CRS) case.  
Instead, for labor, 

∗ 	 

∗  

And similarly for capital, 

∗  

These 2 factors combine to determine the fishery output.  Notice that the industry does not appropriately 
account for the true opportunity cost of labor and capital, as the wage is given only the weight of observed 
factors in the CRS production function.  The sector experiences diminishing returns to scale and the 
decision-makers do not appropriately account for this and so achieve an inefficient amount of effort 
allocated to production.  In this way, this sector captures the tragedy of the commons market failure that 
results because no property rights exist over the fish in the sea, which represent an important input to 
production. 


