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Sustainable development (SD) policies targeting marine economic
sectors, designed to alleviate poverty and conserve marine ecosystems, have proliferated in recent years. Many developing
countries are providing poor fishing households with new fishing
boats (fishing capital) that can be used further offshore as a means
to improve incomes and relieve fishing pressure on nearshore fish
stocks. These kinds of policies are a marine variant of traditional
SD policies focused on agriculture. Here, we evaluate ex ante
economic and environmental impacts of provisions of fishing and
agricultural capital, with and without enforcement of fishing
regulations that prohibit the use of larger vessels in nearshore
habitats. Combining methods from development economics, natural resource economics, and marine ecology, we use a unique
dataset and modeling framework to account for linkages between
households, business sectors, markets, and local fish stocks. We
show that the policies investing capital in local marine fisheries or
agricultural sectors achieve income gains for targeted households,
but knock-on effects lead to increased harvest of nearshore fish,
making them unlikely to achieve conservation objectives in rural
coastal economies. However, pairing an agriculture stimulus with
increasing enforcement of existing fisheries’ regulations may lead
to a win–win situation. While marine-based policies could be an
important tool to achieve two of the United Nations Sustainable
Development Goals (alleviate poverty and protect vulnerable marine resources), their success is by no means assured and requires
consideration of land and marine socioeconomic linkages inherent
in rural economies.
coupled human and natural system
general equilibrium

millions of dollars into the development and monitoring of blue
growth programs (12–16).
While small-scale artisanal fishers consider a variety of factors
when making fishing decisions (17), evidence suggests allocation
of time is, in part, based on relative returns to labor (18–21).
Thus, some blue growth policies attempt to alter returns to fishing
relative to alternative income-generating activities as a way to
achieve both poverty alleviation and conservation objectives. For
example, if poor fishing households are incentivized to participate
in offshore fishing, it may lead to increased household incomes
and reduced fishing pressure on overexploited nearshore fish
stocks (22, 23). Policies enforcing and increasing the regulation of
fishing activities are also considered important to achieving blue
growth objectives (10, 24).
Many SD policies are designed to reduce upfront costs of
switching to more sustainable livelihoods. Historically, largescale fisheries receive the majority of subsidy benefits (25), arguably to the detriment of small-scale fisheries who are often
outcompeted by industrialized operations (26). Recently, however, developing countries including Kenya, the Philippines, India, Tanzania, Vietnam, and Indonesia have been investing in
programs that bolster the fishing capacity of small-scale and
artisanal fishermen (27–33). These programs are designed to
help small-scale fishers access larger or better vessels and gear,
allowing them to reach more plentiful fishing grounds, compete
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oastal and island nations are adopting “blue growth” sustainable development (SD) policies to alleviate poverty and
conserve vulnerable ocean resources. Generally speaking, SD
policies manage resources and direct investments in order to
meet current and future human needs and aspirations, without
endangering the natural systems (1). The feasibility and potential
of SD has been the focus of decades of academic research; many
regard the consideration of economic, social, environmental, and
institutional needs and linkages as fundamental to successful
policy design and implementation (2–6). Given their novelty,
what constitutes a blue growth policy is not universal (7), but like
traditional SD policies that focus on land-based sectors such as
agriculture, manufacturing, and energy sectors (8, 9), blue growth
policies seek to achieve social, economic, and environmental
goals simultaneously (10). Blue growth policies attempt to achieve
these goals by supporting marine-based industries such as offshore
fishing, aquaculture, shipping, and tourism (11, 12). The marine
focus has reinvigorated SD efforts of international organizations
(including the Global Environmental Facility, United Nations
Food and Agriculture Organization, the European Union, and
The World Bank) that have collectively invested hundreds of

Support for marine-based “blue growth” policies derives from
their potential to simultaneously address United Nations Sustainable Development (SD) Goals on poverty alleviation and
marine conservation. Modeling the linkages between a rural
coastal economy and local fish resources, this work provides a
rigorous ex ante assessment of common strategies to achieve
SD objectives. We find that most of the considered policies
increase target household incomes, negatively impact some
nontarget households, and further deplete nearshore fish
stocks. The results underscore the importance of considering
characteristics of local economies and household linkages to
marine and land resources when designing SD policies to avoid
unintended consequences.
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Fig. 1. A conceptual framework for the bioeconomic local general equilibrium model. Households are represented by four representative groups
and may produce goods and services (e.g., agricultural, offshore and nearshore fish, retail, and restaurants) available in local, and possibly global,
markets. The simulated policies provide different types of capital to poor
households and may also restrict use of fishing capital.
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households could be detrimental to other households that harvest from the same fish stocks and compete in the same input
and output markets.
Here, we estimate the impacts of two common marine fisheries policies (provision of offshore fishing vessels and increased
enforcement of fishing regulations) and an alternative agricultural policy (provision of agricultural capital) in a rural coastal
economy. To estimate the impacts of these SD policies in coastal
economies, we use a modeling approach that has been developed
using theory from development economics, natural resource
economics, and marine ecology (37, 60). Introducing new features to the framework, we develop a model of a rural economy
capable of disentangling fisher participation in two distinct
fishing activities and household consumption of two fish goods.
We use microeconomic data collected from household and
business surveys to parameterize and calibrate our model,
allowing us to realistically estimate policy impacts. An inherent
strength to our methodology is the ability to adjust the structure
of the model to represent alternative economies. We demonstrate how the model can be used to predict policy outcomes for
a typology of rural coastal economies.
Although combining policies that simultaneously target marine and agricultural sectors is currently not part of the dialogue
on the adoption of blue SD policies around the world (e.g., see
The World Bank’s strategy document for its Blue Economy
Program and PROBLUE (13)), we find that pairing policy instruments that target both sectors—increased enforcement of
vessel regulations and capital investments in the agricultural
sector—is better able to achieve both conservation and poverty
reduction goals.
Why is an agricultural policy combined with enforcement capabilities of marine fishing regulations able to achieve a win–win
while marine-focused SD policies are not? Our coupled natural–
human modeling framework highlights the mechanisms leading to
this counterintuitive outcome. That is, investing in the agricultural sector increases the returns to agricultural labor, which in
turn creates upward pressure on wages and encourages a reduction in labor allocated to nearshore fishing. At the same time,
the increased wealth in the local economy due to greater agricultural productivity drives up demand for nearshore fish. Although higher prices of fish draw some labor back into the
fishery, increased enforcement of vessel regulations prevents
fishers from illegally using larger boats in the nearshore habitat
as a means to increase harvests. Without coupling increased
enforcement and agricultural subsidy, the higher demand for fish
would lead to increased harvests in the nearshore environment
and lower fish stocks over time.
Results
To understand the efficiency and distributional impacts of SD
policies, we model four groups of households defined by their
involvement in fishing activities (fishing/nonfishing) and income
(poor/nonpoor) (Fig. 1). Heterogeneous economic impacts originate from differences in livelihood strategies, asset wealth (endowments), and linkages between economic sectors and natural
resources (39, 61). To evaluate the conservation impacts of policies promoting alternative marine-based livelihoods, our model
accounts for the dynamic relationship between a local economy
and two fish stocks: offshore and nearshore fish. Measuring the
environmental impacts and determining the success of SD policies
is challenging and contentious (62–66). We have chosen to evaluate the conservation objective by estimating the policy’s impact
on the nearshore fish stock and the poverty alleviation objective by
estimating the changes in real incomes expected for target and
nontarget representative household groups.
An excellent setting to study the impact of SD policies is in
rural coastal areas in Indonesia. Indonesia is at the forefront of
blue economy initiatives and is the second-largest producer of
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with commercial vessels, and relieve pressure on vulnerable
nearshore fisheries.
Despite the recent surge in popularity, we lack evidence that
these marine-based SD policies will achieve both poverty reduction and conservation objectives when implemented in rural
economies. The complexity of coupled natural–human systems
makes it difficult to measure the ex post performance of SD
policies, especially in marine environments (34, 35). Additionally, local market failures due to high transportation costs and
poorly developed marketing infrastructure (36) can lead to locally defined prices that fluctuate with changes in local supply
and demand; local prices may distort household responses to
policies, leading to unintended environmental consequences
(37–40). Because local market failures are more common in
rural economies in developing countries, methods and lessons
learned from studies of industrialized fisheries in developed
countries may not be relevant. Rather, management of fisheries
in rural coastal economies may be more successful if market
imperfections, alternative livelihood options, and ecological
feedback are considered (20, 41–47).
Recent studies explore the causal impacts of land-based SD
policy instruments in developing countries (48–56). A key finding
of these studies is that community heterogeneity is an important
factor in policy performance. However, findings from forestry
research do not necessarily carry over to marine settings because
fish resources are mobile and regenerate relatively quickly, and,
typically, access rights to fisheries are not well defined. This
study begins to address the need for research examining responses to SD policy in rural coastal economies.
We use a coupled natural–human modeling framework to
estimate the ex ante impacts of common SD policies. Our ex ante
mechanistic approach that includes a general equilibrium local
economy model captures important dynamic feedback between
the economy and health of the fish stocks. Indeed, other researchers have studied the correlations between markets and
ecosystems in coastal communities in developing countries (44,
57–59). However, the theoretical structure of our analysis approach allows us to examine the causal mechanisms between
policy and its outcomes. Our model captures the feedback between economic sectors and households within the economy
(Fig. 1, details in SI Appendix). This broad scope is necessary to
estimate the extent to which policies targeting poor households
in a community also impact nontargeted households (knock-on
effects). For example, a policy supporting a subset of fishing

marine capture fish in the world, with production dominated by
small-scale fishermen (67, 68). The data used to inform our
predictive modeling are from Selayar, a rural island in South
Sulawesi, Indonesia. This island has many characteristics shared
by communities targeted by blue growth initiatives. Its relative
isolation from regional markets makes transport of inputs and
goods expensive, market imperfections likely, and local general
equilibrium and ecological feedback important determinants of
policy success. Additionally, fish is a central part of the local diet,
and many households participate in marine fishing activities as
well as other household production activities.
While our framework represents an economy that has many
quintessential characteristics of a rural coastal economy, other
rural communities may have different market features. We therefore demonstrate how our framework can be used to estimate
policy impacts across a topology of rural economies, exploring
how results are affected by preferences for fish as a consumption good, characteristics of local labor supply, and specification of fish production.
We estimate the impacts of four policies over a 10-y period;
each policy contains a subset of the three SD interventions. We
simulate an offshore fishing vessel provision by increasing the
poor fishing households’ offshore fishing capital endowment by
40%, approximately equal to 45 five-gross-ton (5 GT) vessels.
District governments have jurisdiction over vessels that are less
than 5 GTs and fishing areas within four nautical miles of the
shore, which is the location of most nearshore fisheries. We
simulate increased enforcement capacity by preventing offshore
fishing capital from being used for nearshore fishing. We consider an alternative to investment in the marine fisheries; an
agriculture-focused intervention provides poor nonfishing households with agricultural capital, such as storage or processing
equipment to reduce crop loss or facilitate postharvest activities,
equal in value to the vessel provision (SI Appendix).
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Initial Impacts of SD Policies. We find heterogeneous income effects starting immediately after policy implementation. By design, the vessel provision increases the income of the poor
fishing household group (∼15%). Similarly, the agricultural

capital provision increases the income of the poor nonfishing
household, albeit to a lesser extent (∼4%) (Fig. 2).
Our analysis uncovers several unintended consequences of the
SD policies. A capital stimulus increases the productivity of the
target household’s labor, increasing the local wage rate. Fishing
capital provisions increase the local wage rate ∼0.9% above
baseline levels, while the agricultural capital provisions increase
the local wage rate ∼2.8%. Increased productivity and capital
endowment raise the target households’ income, stimulate demand for all goods and services, and raise locally determined
prices. In the first year, the consumer price index rises 0.4%
under a vessel provision and 1% under an agricultural provision.
While higher prices increase the costs of household purchases,
they also increase returns to local production. While we find that
the nonpoor nonfishing households who are the majority owners
of nonfishing capital, benefit from increased prices, local price
inflation negatively impacts other households; nonpoor fishing
households’ real income declines in all scenarios, and poor
nonfishing households’ real income declines after a vessel provision (Fig. 2). This latter result shows how policies targeting a
subset of poor households, such as the vessel provision, can have
negative consequences for other poor households.
Dynamic Impacts of SD Policies. In all scenarios, a higher local
nearshore fish price increases the incentive to fish. When fishing
vessel regulations are not enforced, both fishing households
reallocate a small amount of their offshore fishing capital to
nearshore fishing in response to the rising demand for fish (all
changes are less than 0.5%, SI Appendix). Even when capital
regulations are enforced, households can boost fish production
by increasing labor allocated to nearshore fishing. Both fishing
households increase labor allocated to nearshore fishing under a
vessel provision policy but decrease labor allocated to nearshore
fishing under agricultural capital provision. The policies that
cause an increase in aggregate catch cause the nearshore stock to
decline (Fig. 3 and SI Appendix).
Why can increased enforcement of regulations protect the
nearshore fish stock from declining following an agricultural
capital provision but cannot do so under a vessel provision?

Fig. 2. Policy impacts 10 y after policy implementation. The percent of change in real income for poor fishing (A), nonpoor fishing (B), poor nonfishing (D),
and nonpoor nonfishing (E) households and the percent of change in nearshore fish biomass (C) are shown. The results are presented for all four SD policy
scenarios. Poor households are the recipients of targeted capital provisions. The enforcement of vessel regulations affects both fishing households. The
impacts to the nontargeted households result from the GE impacts rippling through the local economy. The change in real income reflects changes in the
value of productive assets after adjusting for inflation.
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Following the agricultural capital infusion, poor nonfishing
households’ land becomes more productive, increasing demand
for agricultural labor and decreasing labor allocated to nearshore fishing activities. When vessel regulations are enforced,
increased demand for agricultural labor temporarily reduces
nearshore fish harvest, allowing the nearshore fish stock to recover. On the other hand, under the vessel provision, fishing
activities are more productive, drawing labor into both offshore
and nearshore fishing regardless of whether the larger boats illegally enter nearshore waters. The increased labor allocated to
fishing results in higher catches in the short run and lower
nearshore fish stock.
Although many of the locally defined prices stay relatively
constant over the 10-y simulation period, fish prices may be
volatile. Following a fishing capital provision without additional
enforcement of vessel regulations, the price of nearshore fish
rises from a ∼0.5% increase in year one to a ∼2% increase
in year 10 (Fig. 3). In this scenario, increased fishing capacity
allows supply to adjust to increased demand, which acts to buffer
the price change in year one. As the nearshore stock declines,
fishing is less productive, harvests decline, and prices increase.
The enforcement of vessel restrictions limits fisher response to
rising demand, and we observe a larger initial increase in price.
Under both agricultural capital provision scenarios, fishing
capacity in the local economy does not change, and demand for
labor in the agricultural sector increases, limiting the ability for
local supply to meet rising demand. As a result, the initial increase in local fish price is higher than in the scenarios with a
fishing capital provision (Fig. 3). When vessel restrictions are
enforced, the recovering nearshore fish stock can sustainably
support increased harvests, and prices decrease slightly.

This inelasticity causes a large increase in nearshore fish prices
after a capital provision increases wealth and demand for fish.
However, other economies may not have this same reluctance to
adjust fish consumption when prices change. We consider two
alternative model specifications: 1) an economy with households
more reluctant to change fish consumption and 2) an economy
with households more willing to change fish consumption. In the
first alternative, the two fish goods are very poor substitutes
(characterized by more inelastic substitution). The price of
nearshore fish rises more dramatically in response to increased
demand, so much so that the nearshore fish stock is expected to
decline in all four policy scenarios. In the second alternative, the
nearshore and offshore fish are good substitutes (characterized
by elastic substitution). The price of nearshore fish does not
increase as much, dampening the incentive to increase nearshore fish harvest. Here, the enforcement of the vessel regulation may protect the nearshore fish stock in both capital
provision scenarios.
The household interviews revealed few instances of migration
into or out of the island, suggesting the economy is best represented by a very inelastic labor supply. This specification implies
increases in the local wage will not attract additional labor into
the economy. This is critical, as nearshore fish harvest is limited
by the amount of available labor. Because migration may be
more common in other rural economies, we consider alternative
degrees of labor supply elasticity. If local labor supply is sufficiently elastic, increasing productivity of labor leads to a large
expansion of the labor supply and ability to increase nearshore
harvests to meet demand. This increased capacity leads to a
decline in the nearshore fish stock in all four policy scenarios (SI
Appendix).

The Role of Fish Consumption Preferences and the Labor Market.

The Role of Fishing Production. Our preferred model specification
assumes fishing production functions exhibit constant returns to
scale with respect to labor, capital, and fish stock. We believe this
is representative of Selayar and, more generally, of a small-scale
artisanal fishery. This assumption is also consistent with the local
general equilibrium literature. It implies increasing labor and

During data collection, households reported reluctance to consume relatively more offshore fish, even when the price of
nearshore fish rises, suggesting offshore and nearshore fish are
imperfect substitutes. We model this preference with inelastic
substitution between the two fish goods (details in SI Appendix).
Lindsay et al.
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Fig. 3. The percent change in nearshore fish biomass (bright blue), price (orange), and labor (light and dark blue) over time, relative to prepolicy levels (year
0). Results are presented for the fishing capital provision without (A) and with (B) increased enforcement and the agricultural capital provision without (C)
and with (D) increased enforcement. All stimulus policies increase the wealth of targeted households, increasing demand for, and price of, nearshore fish.
Scenarios A and B increase the local fishing capacity, allowing supply to increase and dampen price rise. The enforcement of vessel restrictions limits increases
in nearshore fish production. Over time, changes in nearshore fish biomass affects fishing productivity and local supply.
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capital causes a less-than-proportional increase in harvest, holding
fish stock constant. In our household surveys, the most-used
fishing gear were spears, handlines, and small nets. With this
gear, increasing fishing effort would lead to fatigue or inefficiencies caused by congestion. This specification additionally
implies that production of output increases less than proportionally with increases in fish stock, holding fishing effort fixed,
which would be expected when fish school or aggregate in patchy
habitats. Again, this is consistent with the conditions of the
small-scale fisheries off Selayar: the offshore fish stock is primarily small, schooling pelagics, while the nearshore fish stock
congregates around patches of reefs and sea grass.
We explore two alternative specifications of fish production to
demonstrate further how our model can be used to provide ex
ante analysis for economies with different fishery characteristics.
The first alternative differs from the preferred specification in
that stock output elasticity is set to one, implying harvest increases proportionally with fish stock, holding fishing effort
constant. This specification represents a situation where excess
capacity allows fishers to adjust to increased biomass or when
fish biomass is spread out evenly across demersal habitat. We
additionally consider a production function similar to what
would be expected in an industrialized fishery—production increases proportionally with increases in labor and capital as well
as with increases in the fish stock. In this scenario, additional
labor and capital can easily and efficiently be used to take advantage of increased biological stock.
Our qualitative findings are robust to the specification of the
fishing production functions. Quantitative differences provide
some useful insight into the mechanisms driving results. A larger
output elasticity on the fish stock (as in the two alternative
specifications) will lead fishers to respond faster to changes in
fish stocks. Here, fish stock has a larger influence on input
productivity and encourages fishers to exit a declining fishery
(and enter an improving fishery) faster. As a result, the impacts
to the nearshore fish stock are muted. Larger output elasticities
on labor and capital, as in the second alternative, mean fisheries
yield higher returns on factor inputs. As a result, households
receiving capital experience larger increases in real income.
Additionally, fishing households move labor and capital more
aggressively, amplifying changes expected in fish production and
nearshore fish biomass. Additional details and full results are
found in the SI Appendix.

return on labor and fishing capital allocated to offshore fishing
activities. This would dampen the increase in recipients’ income
over time and increase fishers’ incentive to reallocate capital and
labor to nearshore fishing to the detriment of the nearshore
fish stock.
We have not considered other types of blue growth policies
that address absent or incompletely enforced individual- or
community-based rights to fish stocks, such as the establishment
and enforcement of quotas, marine reserves, or territorial use
rights for fishing areas (69–71). Many environmental nongovernmental organizations advocate for these policies as a way to
protect vulnerable fish stocks and simultaneously improve
returns to fishing. When carried out in rural areas, these policies
are also likely to have unintended heterogeneous impacts on
households, economic sectors, and natural resources.
Our structural approach to ex ante policy analysis has four key
advantages. First, our methodology can be applied in data-poor
settings because it takes advantage of economic and ecological
theory and only requires one-time data collection. This is important because frequent data collection efforts are expensive,
and therefore policymakers often lack the necessary data when
designing, implementing, and evaluating SD policies for rural
economies. Second, the structure allows us to study the mechanistic response and quantify both direct and indirect impacts of
SD policies. Third, we can estimate the environmental impacts to
renewable natural resources because our model captures the
dynamic linkage between the economy, households, and natural
resources. Finally, as we demonstrated, our model can be used to
predict impacts in similar coastal economies that face different
market conditions. This enables policymakers and aid organizations to target communities that are more likely to achieve all
SD goals.
Policies supporting household production are expected to
benefit recipients and targeted sectors, but these policies have
unintended impacts on nontarget economic sectors and households. Distortions caused by local market failures affect fishing
incentives so that even policies targeting nonfishing households
and nonfishery sectors can impact marine ecosystem health.
Emphasizing local market connections, our framework highlights
both direct and indirect impacts of SD policies and permits a full
assessment of SD policies in rural coastal economies.

Discussion
We find that policies that encourage alternative livelihoods (both
fishing and nonfishing) will increase recipients’ income, but
multiple market failures in a rural economy will lead to unintended consequences. Vulnerable, nontarget households will be
negatively impacted, and the increased price of nearshore fish
will lead to increased fishing pressure that may exacerbate
overharvest. Investing in nonfishing alternative livelihoods while
simultaneously increasing the enforcement of fisheries’ regulations may successfully conserve vulnerable nearshore fisheries,
depending on how households view the consumption of offshore
and nearshore fish (price elasticity) as well as how fast the labor
supply responds to changes in wages (labor elasticity). Given the
importance of these elasticities, evaluation of local market conditions will be a critical part of successful policy design.
The results presented in this analysis assume the offshore fish
stock is held constant throughout the 10-y simulation period,
unaffected by harvest from local fishermen. This assumption is
plausible if we imagine a vessel provisioning policy implemented
in just a few locations throughout a country. However, we can
use our findings to predict the impacts of more expansive policies. If hundreds of villages were to receive large numbers of
offshore fishing vessels, the offshore fish stock would likely decline under increased fishing effort, reducing fishing households’

We use a computable general equilibrium model of a rural economy, parameterized with site-specific data from household and business surveys. The
model contains representative households engaged in multiple production
activities, connected by input and output markets. The model includes four
representative households, defined by livelihood and poverty status. Households are involved in many small-scale production activities, including agriculture (e.g., cashews, coconut, spices, and grain), animal husbandry (e.g.,
goats, chicken, and cattle), and enterprise (e.g., restaurants, retail, and services). In addition, many households participate in marine fishing activities for
their own consumption and sale. Inputs to production activities include labor
and capital. Credit constraints limit households’ ability to accumulate capital,
which is assumed to be fixed in our simulations. Local labor supply is also
fixed, implying migration into or out of the economy does not occur. As a
result, all inputs have locally determined prices. Survey data indicated that
household producers (in all economic sectors) compensated labor in a variety
of ways (share of revenue, share of profit, wage, etc.). All of these payment
methods imply a marginal value of labor, which we refer to as wage (see SI
Appendix for additional detail).
Households consume five produced goods (agriculture, retail, restaurants,
other services, and a composite fish good) and exogenous goods. All output
goods have locally determined prices, except for offshore fish and agricultural goods, which are frequently traded with markets outside the local
economy. Our model accounts for some degree of substitutability between
offshore and nearshore fish; households consume a composite fish good,
which combines offshore and nearshore fish according to a constant elasticity
of substitution aggregation function. Because we cannot estimate the
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(11.83%). Our preferred specification of the model uses biological parameters corresponding to a representative species (Lethrinus miniatus, Trumpet
emperor). Qualitative findings are robust to assumed parameter values
(details of sensitivity analyses are in the SI Appendix).
We parameterize our model using a microeconomic dataset assembled
from surveying a random sample of households and businesses throughout
the island. The baseline of the economic model is calibrated to match initial
economic and market conditions defined by survey data, and the bioeconomic model of the nearshore fishery is calibrated such that baseline
harvest is equal to net changes in biomass (i.e., steady state). The bioeconomic
and local general equilibrium models are linked to capture the direct and
indirect impacts of policies over time. Each period (year), market clearing
prices and demands are calculated (i.e., the local economy reaches equilibrium) given a fixed biomass level. Between periods, fish stocks are updated,
accounting for the harvest over the past period, growth, natural mortality,
and adult recruitment.
A full model description, model code, description of data collection, and
necessary data inputs are provided in the SI Appendix and Datasets S1
and S2.
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elasticity of substitution from data, we choose a plausible value and run a
sensitivity analysis (see SI Appendix for additional detail).
Offshore and nearshore fish have been separated into two distinct goods
and production activities to capture market structure and disentangle
households’ allocation of their time and fishing capital more accurately.
Nearshore and offshore fishing activities target different groups of fish
species in different locations. We assume that each produce one aggregate
output: nearshore fishing yields nearshore fish (e.g., snapper, grouper, emperor, and fusiliers), and offshore fishing yields offshore fish (e.g., tuna,
mackerel, and jacks). Each fishing production activity has three factor inputs:
labor (number of person hours), fishing capital (e.g., boats, engines, nets,
lines, and spears), and fish stock (biomass). Because households are engaged
in small-scale artisanal fishing activities, fishers implement generalized
fishing strategies, using similar vessels and fishing gear in both fishing activities (see SI Appendix for additional detail). Fishing households can choose
how much labor and capital to allocate to each activity. However, the fish
stock is taken as given in each period. Fish stocks are independent from one
another so that the size of one does not directly affect the growth
of another.
Without clearly defined or enforced formal or informal property rights,
many small-scale artisanal nearshore fisheries are most appropriately described as open-access resources (72, 73), causing households to overallocate
factors of production until economic profits in the sector are dissipated.
Following the methodology described by Manning et al. (60), we assign a
proportion of the share of value added attributable to the fish stock to
each of the remaining factor inputs based on their relative contribution to
total value added. We adapt this methodology, permitting the exploration
of the sensitivity to production function assumptions (see SI Appendix for
additional detail).
A key difference between the two fish stocks is how they respond to
changes in fishing pressure. Offshore fish are migratory pelagic fish species
with a large available biomass relative to local harvest, while nearshore fish
stocks are comparatively sedentary, coral-reef–associated species subject to
continued overfishing. Therefore, our model assumes that the offshore fish
stock is unaffected by changes in local fishing pressure, while the nearshore
fish stock is sensitive to changes in fishing pressure. We use the estimated
production function to calculate the fishable offshore biomass at baseline.
The dynamics of the nearshore fish stock is characterized by a delaydifference model with larvae recruitment (74, 75). The simulations are
based on annual time step, with each year t beginning with a spawning
event, followed by the recruitment of young fish into adult populations and
the subsequent growth of both prerecruits and adults. The harvest of
nearshore fish includes many families of fish commonly found in coral reef
and sea grass habitats. The most common families in local harvest are emperors (32.85%), parrot fish (16.65%), rabbit fish (12.94%), and surgeon fish
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