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Climate change and its impact on fisheries is a key issue for fishing nations, particularly

the Philippines. The Philippines is highly vulnerable to the impacts of climate change

on fisheries and it can lead to economic shock on the nation’s economy. This paper

examines the impact of climate change on marine capture fisheries in the Philippines

using a computable general equilibrium (CGE) model to elaborate and project impacts

on the national economy. In the simulation, one baseline scenario and two climate change

scenarios based on greenhouse gas concentration—RCP 2.6 and RCP 8.5—were

considered. The model focuses on Gross Domestic Product (GDP) and income

distribution by region, which can represent economic conditions in terms of economic

growth and distribution. Results show that there will be a negative change on both the

fisheries and economic variables where more extreme changes in climate occur.

Keywords: climate change, marine capture, fisheries economics, economic growth, income distribution

INTRODUCTION

The Philippines, a maritime nation that is a complex of islands, comprises 7,641 islands and has
the territorial sea that covers 679,800 km2 and Exclusive Economic Zone (EEZ) of 2,263,816 km2.
Most parts of the Philippines are coastal areas, and about 70% of Filipinos are estimated to live
in coastal areas (Palomares and Pauly, 2014). Fisheries have a great significance in terms of food
security and economy in the Philippine (Santos et al., 2011). There is a need to secure the food
supply to keep feeding people as poverty has remained continuously high and the population has
grown in the Philippines. Fisheries are a strategically important factor because it has a positive
nutritional effect as a source of necessary protein and essential nutrients (Prein and Ahmed, 2000;
Irz et al., 2007)1. Total fish consumption has been rising steadily with increases in production
(Cuvin-Aralar et al., 2016).

The fisheries in the Philippines makes a significant contribution to the national economy in
terms of income and employment. Total fish production was estimated at 4.65 million metric
tons, and the fisheries sector contributed almost 4.33 billion dollars to the country’s economy
in 2015 (BFAR, 2016). The fisheries sector employed an estimated 1.6 million people national
wide, contributing 1.5% to the gross domestic product (GDP) in 2015 (BFAR, 2016; PSA, 2017a).
According to an FAO report, the Philippines places eighth globally in fish production, as of 2014,
and is a key economic sector for the country (BFAR, 2016).

1According to the prevalence of undernourishment data, in 2017, about 13.5% of the population was malnourished in the

Philippines [World Bank (n.d.), “Prevalence of undernourishment”], and fish provides Filipino people with approximately

one-third of their average per capita intake of animal protein (Bennett et al., 2018).
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Climate change has been considered particularly important
for fishing nations (Kelleher et al., 2009; Barange et al., 2014),
but discussion of climate change and impact on fisheries is also
a key issue for the Philippines (Santos et al., 2011; Geronimo,
2018). These changes may cause not only loss of productivity,
but also economic shock on the nation’s economy. Since climate
change is expected to have different consequences, impacts can
be related to vulnerability in countries heavily dependent on
fishery, in view of the important contribution of these sectors
to employment, supply, income and nutrition (Vannuccini et al.,
2018). The Philippines is actually vulnerable to the impacts of
climate change on fisheries and it can lead to economic shock
on the nation’s economy. Among fishing nations, Philippines is
one of the most vulnerable countries to climate change (Badjeck
et al., 2010; FAO, 2016). The Philippines is third in the ranking
of vulnerability to climate change risks among 67 developed,
emerging and frontier market countries, and is particularly very
sensitive to extreme weather events in terms of people affected
and economic costs (Paun et al., 2018).

Since fisheries is intimately related to various economic
sectors, such as transportation, storage, processing, it is
necessary to elaborate a systematic model to understand the
economic impact of climate change on fisheries throughout
an economy. In this paper, a computable general equilibrium
(CGE) model, which is useful to explain economic impacts
of events in a quantitative manner (Dwyer et al., 2005),
is developed to examine how climate change may affect
the marine capture fishing sector in the Philippines and
consequently how the economy may react to the change. The
paper will contribute to the current discussion of climate
impacts in the ocean of the Philippines, adding dimensions to
macroeconomic interpretations of impact on fisheries focusing
on marine capture fish2 which can be relatively more affected by
climate change.

CLIMATE CHANGE AND OCEAN IN THE
PHILIPPINES

Climate change is an important thread in the tapestry of
earth’s history along with the evolution of life and the physical
transformations of this planet (Ruddiman, 2001). The study of
climate in fisheries also matters for a practical reason: climate
is a primary determinant of fish population (Lehodey et al.,
2006). Changes in climate condition and shifts in the distribution
of species are closely related to the productivity of fish stocks
(Perry et al., 2005; Munday et al., 2008; Nilsson et al., 2009;
Pankhurst and Munday, 2011; Pratchett et al., 2014). Climate
change causes the change of oceanic currents3 and consequently
affects the environment for fish: areas that have favorable

2Capture fisheries includes not only marine capture fisheries but also inland

capture fisheries. This paper focuses onmarine capture fisheries which is dominant

in capture fisheries – according to fisheries situation report (PSA, 2014), it shows

95% of capture fisheries.
3El Niño is associated with warming in the tropical Pacific Ocean, and has global

climatic teleconnections, affecting the global climate change (Yeh et al., 2009). Sea

Surface Temperature (SST) in Southeast Asia has shown an extreme trend due to

El Niño (Thirumalai et al., 2017).

conditions increase resulting in expansion in species’ range and
the growth in population; areas where favorable conditions exist
may move, causing a population’s numbers to decline in certain
areas and increase in others, effectively shifting the population’s
range; and favorable conditions for a species may disappear,
leading to a population crash and possible extinction (Roessig
et al., 2004; Ganachaud et al., 2011; Stock et al., 2011; Dunne
et al., 2012, 2013). Mora and Ospina (2001) examined the
critical thermal maximum of 15 fishes. The critical thermal
maximum ranges from 34.7 to 40.8◦C while sea temperature
reached 32◦C in a broad range of latitudes in the tropical
eastern Pacific Ocean during El Niño. They argue the studied
fish are tolerant to temperatures occurring during the particular
warm event such as El Niño. Eme and Bennett (2009) examined
thermal limits of fishes around Banda Sea of Indonesia which
is connected to the Pacific Ocean using the critical thermal
methodology and chronic lethal methodology. Thermal limits
show different figures by species, for example, such Squaretail
mullet did not survive temperatures higher than 38.9 ± 0.7◦C
while such common goby did not survive temperatures below
10.9± 0.2◦C.

Increase in temperature on the Philippines seas has been
reported by several studies (Peñaflor et al., 2009; Pörtner
et al., 2014; Khalil et al., 2016; Hoegh-Guldberg et al., 2017;
Geronimo, 2018). Sea surface temperature in the sea near
the Philippines shows upward trend with the warming rate
of 0.2◦C per decade over the period 1985–2017, based on
0.05◦ resolution satellite-based sea surface temperature data
(Peñaflor et al., 2009; Khalil et al., 2016). The warming
trend is not spatially identical for the Philippines and the
warming rate varies by region. The warming rate in the
West Philippine Sea bordering the west-central part of the
Province of Ilocos Norte shows a faster rate while the rate
in the sea surrounding Palawan Island and the sea between
Catanduanes Island and Samar Island shows slower compared
to other sea areas in the Philippines (Khalil et al., 2016). The
forecasting model of warming with a scenario of greenhouse gas
(GHG) concentration mitigation under the phase 5 of Coupled
Model Intercomparison Project (CMIP), which is collaboration
between climate modeling groups for the purpose of advance
in knowledge of climate change, indicates that sea surface
temperature in the Philippine will increase around 0.36◦C by
2100 based on the RCP 2.6 emissions scenario, noting that the
majority of this warming will happen over the next 30 years
(Khalil et al., 2016).

The use of linear regression from CMIP5 provides projected
changes in SST around the Philippines including the Coral
Triangle in the next 90 years. Increase in SST ranges from
0.42 to 0.76◦C for near-term, and 0.58 to 2.95◦C for a long-
term, depending on level of GHG concentrations and mitigation
(Hoegh-Guldberg et al., 2017). Climate model simulations driven
with historical changes in anthropogenic and natural drivers,
and GHG concentration scenarios (the RCP 4.5 and the RCP
8.5), based on the average of Hadley Centre Interpolated
SST 1.1 data, also indicate that SST around the Philippines
will increase (Pörtner et al., 2014; Hoegh-Guldberg et al.,
2017).
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ECONOMIC REVIEW ON IMPACTS OF
CLIMATE CHANGE ON FISHERIES

Many empirical studies in oceanography, physiology and ecology
began to deal with the relationship between fisheries and
climate due to the growing need for extension of the discussion
about continued climate change (Brander, 2007; Barange and
Perry, 2009), but few studies cover the economic impact on
fisheries. Several studies have argued that climate change affects
the amount of catch in business terms. Cheung et al. (2010)
present maximum exploitable catch of a species under climate
change using a dynamic bioclimate envelope model. They
demonstrate climate change considerably affects the distribution
of catch potential leading to potential fisheries productivity. Their
estimation shows that catch potentials will fall in many coastal
regions, particularly in the tropics and the southern margin of
semi-enclosed seas, since species are expected to move away
from the regions due to rising temperature in the ocean. Lam
et al. (2016) demonstrate the impacts of climate change on
global fisheries revenues. They argue climate change will have
a negative impact on the maximum revenue potential of most
fishing countries. It was found that coastal low-income food
deficit countries (LIFDC) are heavily dependent on fish catches
as a way of meeting their nutritional needs but almost every
coastal LIFDC is in danger of decrease in fisheries maximum
revenue potential. Merino et al. (2011) examined the synergistic
effect of climate variability and production of fish with estimation
of maximum sustainable yield. They put emphasis on global
management measures to achieve optimized global supply of
marine products, suggesting interaction between global markets
and regional climate may be acting as a factor causing sequential
overexploitations and resource depletion.

Few studies have analyzed the economic impacts of climate
change on fisheries dealing with the national economy. Arnason
(2007) estimated the impact of global warming on fish stocks
in Iceland and Greenland using Monte Carlo simulations. The
result shows positive impact on GDP in Iceland and Greenland.
Ibarra et al. (2013) examined economic impacts of climate change
in Mexican coastal fisheries in terms of shrimp and sardine
fisheries. They found climate change causes a decrease in shrimp
production and a high degree of variability and uncertainty of
sardine fisheries stocks.

This paper will make several contributions to this literature.
First, this study analyzes the impact of climate change in fisheries
from the perspective of the economic modeling. It estimates the
impact of climate change adding dimensions to macroeconomic
interpretations of impact onmarine capture fisheries. Few studies
deal with the economic impact of climate change on fisheries,
but even these studies focus on changes of catch in terms of
productivity with simplistic calculations. Thus, the evidence for
projection is limited. This study covers the potential causes of
economic impact other than production associated with climate
change. This paper also presents an economic impact which
includes notable indicators, such as GDP and income distribution
with estimation using major national economic variables, so
it can be useful in establishing economic mechanism related
to fisheries.

Second, the study examines the economic impact of climate
change on fisheries for a specific country rather than at a
global level. Climate change impacts will differ from region to
region and country to country. Some regions will get warmer
well above the average, in contrast, others may not get warmer
or may even get colder (Arnason, 2006). In addition, the
economy of each country has different characteristics. This study
carries out modeling specific to the Philippines so that the
results obtained will prove helpful in decision-making related to
adaptation options.

METHODS

Construction of Model
In this paper, the model estimates the impacts of climate change
constructing future scenarios including one baseline scenario and
two climate scenarios for the Philippines. The baseline scenario
depicts how the economy of the Philippines might be expected
to change if the condition related to climate were not changed.
Climate scenarios are based on the Representative Concentration
Pathways (RCP) which describes trajectories of greenhouse gas
concentration, provided by the fifth assessment report (AR5) of
the Intergovernmental Panel on Climate Change (IPCC, 2013).
One of climate scenarios assumes RCP 2.6 which is a scenario of
strong mitigation (Scenario A) and the other one assumes RCP
8.5 which is a scenario of comparatively high greenhouse gas
emissions (Scenario B).

The model employs the method of the projected change in
maximum revenue potential (MRP) which is explained by Lam
et al. (2016). MRP in the study implies the potential change in
revenue, which can be expected under climate change scenarios,
resulted from the change in the amount of fish catches due to
climate change. The combined outputs of coupled atmospheric-
ocean physical and biogeochemical Earth System Models (ESM)
with Dynamic Bioclimate EnvelopeModels (DBEM) and outputs
from three ESMs that are available for the Coupled Models
Intercomparison Project Phase 5 (CMIP5): the Geophysical Fluid
Dynamics Laboratory Earth System Model 2M (GFDLESM2M,)
the Institute Pierre Simon Laplace (IPSL) (IPSL-CM5-MR) and
Max Planck Institute forMeteorology Earth SystemModel (MPI-
ESM MR) (Method) were used, employing the model described
in Sarmiento et al. (2004), and Cheung et al. (2010). In the
model, projected revenue is calculated by the product of ex-
vessel price and maximum catch potential. The model assumes
that real ex-vessel price is constant for the study period with
the fact that the real ex-vessel prices have remained relatively
stable since 1970. Maximum catch potential is derived from
the product of projected fishing mortality required to achieve
the maximum sustainable yield and projected biomass. Since
projected fishing mortality is required to achieve the maximum
sustainable yield approximates natural mortality rate of the stock,
change in revenue is determined by change in biomass. So, in
this paper the trend of production is subject to the trend of MRP,
assuming production is proportional to biomass ceteris paribus.

Linearly calculated trends based on the projected change in
MRP are put into the production in the capture fisheries sector
data assuming functions in the models are the same. To calculate
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change in production of fisheries, it is necessary to determine the
latitude of the Philippine in the Pacific Ocean. The Philippines
extends 1,150 miles from north to south and has a comparatively
wide range of latitude with reference to Manila (about 14.5◦).
Initial general equilibrium is constructed from production of
capture fisheries in initial data, and the new states are applied
by reflecting changes in production repeatedly. As the capture
sector is a subsector of primary industry and products in the
capture sector are not an intermediate product which are value
added, the effects of marine capture are estimated by calculation
of the share of marine capture in the total effects of capture,
with the assumption that the marine capture sector and other
capture sectors such as freshwater capture do not affect each
other’s sector.

Climate change involves large changes that are well outside of
historical experiences. This suggests the need to use simulation
techniques of some kind. The simulation is based on the CGE
model which is a system of equations that describes an economy
as a whole and the interactions among its parts. The CGE
model is primarily used to simulate and assess the structural
adjustments, undertaken by economic systems, as a consequence
of shocks, like changes in technology, preferences, or economic
policy (Berrittella et al., 2006). In the context of the study, climate
change works as the shock which affects the economy since
increases or decreases in catch is directly connected to supply
level and production in the fishing industry and fisheries sector.

CGE has the advantage of analyzing direct and indirect
impacts on the nation’s economy and estimating how an
economy might react to changes because it provides a before
and after comparison of an economy when a shock, such
as a tax, causes it to reallocate its productive resources in
more or less efficient ways (Burfisher, 2017). Static models can
tell a powerful story about the ultimate winners and losers
from economic shocks, but it cannot represent the object
interactions over time, so dynamic CGE model is considered
an appropriate model since climate change is not just a one-
off shock.

Dynamic CGE has the advantage of reflecting adjustment
process in a recursive dynamic framework. The earliest forms
of dynamic CGE were carried out by Hudson and Jorgenson
(1974) and Adelman and Robinson (1978). Dynamic CGE
has become common in forward-looking expectation since
Ballard et al. (1985) performed dynamic CGE model for the
analysis on tax policy. Recently, the model is often used to
figure out the economic effect related to environment such
as pollution abatement (Dessus and Bussolo, 1998; Dellink
et al., 2004), environment tax (Wendner, 2001; Kumbaroglu,
2003; Siriwardana et al., 2011), and climate change (Eboli
et al., 2010; Robinson et al., 2012). In this paper, the iterative
method is used and the updated dataset provided by the
simulation of the current period is used for the simulation
of the next period, so that each solution is solved in a
recursive year-on-year framework (Figure 1). Through the
analysis, it can derive intuitive economic indicators such
as change in GDP and income distribution, according to
climate change.

Supply
The model covers economic features that reflect the
characteristics of the Philippines and the structure follows
the approach of Dervis et al. (1982), Robinson (1989), Shoven
and Whalley (1992), Ginsburgh and Keyzer (1997), and Lofgren
et al. (2002) based on neoclassical perspective. On the side
of supply, the model is established under the assumption of
profit maximization. Production involves information of input-
output based on factors of production and has flexibility for
substitution between the labor and capital. The model assumes
a Cobb-Douglas production function for the technology in
the production process, so the function is homogeneous of
degree one and it has constant returns to scale. The formula for
production function can be represented as follows:

QAa=ada·
∏

f

QF
αvafa
fa

where ada is production function efficiency, αvafa is value-added
share for factor f in activity a,QAa is production activity level, and
QFfa is quantity demanded of factor f by production activity a.

In the model, domestic and export commodity have a
constant elasticity of transformation (CET). In other word, the
distribution of theses commodities is modeled in the form of CET
function, so output transformation can be represented by the
function of the quantity of exports and the quantity of domestic
output as follows:

QXc=atc·(αtr
t
c·EX

ρt
c

c +(1−αtrtc)·QD
ρt
c

c )
1/ρt

c

where atc is shift for output transformation, αtrtc is share for
output transformation, ρt

c is exponent for output transformation,
QXc is the quantity of domestic output, QDc is the quantity
of domestic output sold domestically, and EXc is the quantity
of exports.

Market is represented by perfect competition. Consequently,
incidental assumptions are required to develop themodel. If price
of an input changes then the quantity of the output sold alters,
and that affects demand for the input (Hoffmann, 2003). The
model assumes the impact of input price is insignificant and firms
do not make economic profit, not measuring elasticity of demand
which reflects the market power that firms have.

Demand
On the side of demand, the model consists of household,
government and the foreign sector reflecting the consumption
of domestic good and imported good. Households are classified
depending on region. They are divided into two groups:
urban and rural household. The government of the model has
similar expenditure to the household and gets money through
taxation and consumes commodity quantities paying market
prices and transfers to households according to the expenditure
function. Foreign sector in the model also purchases domestically
produced commodity.
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FIGURE 1 | Conceptual framework of CGE for impact of change on fisheries.

The demand side can be represented by the combination of
domestic commodity use as follows:

QDc=
∑

a

ICca+
∑

h

QHch+gdoc+QIc

where QDc is domestic sales of domestic output, ICca is
intermediate use of commodity c by activity a, QHch is
quantity of consumption of commodity c by household h,
gdoc is government demand for commodity, and QIc is
investment demand.

Armington assumption is used for determination of the
combination of domestically produced commodity and imported
commodity reflecting responses of trade to price changes.

Composite supply takes the form of Armington function
as follows:

QQc=aqc·(αco
q
c ·IM

−ρ
q
c

c +(1−αco
q
c )·QD

−ρ
q
c

c )
−1/ρ

q
c

where QQc is quantity supplied to domestic commodity
demanders, aqc is shift parameter for composite supply, αco

q
c is

share parameter for composite supply, ρ
q
c is exponent (−1 < ρ

< ∞) for composite supply, and IMc is quantity of imports, and
QDc is domestic use of domestic output. Due to the equilibrium
of demand and supply (i.e., QDc = QQc), the demand side is
connected with Armington assumption.
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Government
Government also plays a role as an economic agent in
general equilibrium. Government consumes commodities while
it obtains revenue by collecting tax and transfer. Government
revenue and expenditure are represented as follows:

YG=
∑

h

tdhh·YHh+CR·trg,r+
∑

c

tcoc· (PDc·QDc

+ (PMc·IMc)|c∈CM
)

+
∑

c

timc·CR·pmc·IMc+
∑

c

tixc·CR·pec·EXc

where YG is government revenue, tdhh is the income tax rate of
household, trg,r is transfer from government to rest of world, tcoc
is the rate of consumption tax, timc is the tariff rate on import,
pmc is import price, tixc is the rate of tax on exports, pec is price
of exports, CR is the exchange rate, PDc is the price of domestic
output,QDc is the quantity of domestic output sold domestically,
PMc is the price of imports in domestic currency, IMc is the
quantity of imports, and EXc is the quantity of exports.

GX=
∑

h

trh,g+
∑

c

gdoc•PCc

where GX is government expenditure trh,g is transfer from
household to government, gdoc is government demand for
commodity, and PCc is price of composite commodity c.

Market Clearing
In the CGE model, some constraints are considered for the
equilibrium. One of important constraints is the market clearing,
so the model assumes market clearing in the factor market
and the commodity market. The condition of the factor market
clearing can be represented by the equality of supply and demand
of factor as follows:

FSf=
∑

a

QFfa

where FSf is supply of factor f and QFfa is quantity demanded of
factor f by activity a.

The condition of the commodity market clearing comes from
relationship between two equations in demand, and it can be
represented as follows:

QQc=
∑

a

ICca+
∑

h

QHch+gdoc+QIc

where QQc is quantity supplied to domestic commodity
demanders, ICca is intermediate use of commodity c by activity a,
QHch is quantity of consumption of commodity c by household
h, gdoc is government demand for commodity, and QIc is
investment demand.

Data
In the study, the one country, multi-sector and recursive CGE
model is constructed. For the analysis, information of the value
of all transactions in an economy is required. Thus, it is necessary
to utilize a social accounting matrix (SAM) which indicates a
logical framework of rows and columns providing a visual display
of the transactions as a circular flow of national income and
spending in an economy (Burfisher, 2017). In this study, the
model uses SAM by modification of the 2013 Social Accounting
Matrix from the compilation of the Agricultural Model for Policy
Evaluation which is constructed by Briones (2016). It provides
a set of transactions between fisheries, industry and service sub-
sectors in the Philippines. The SAM includes the primary sector,
the manufacturing and industry sector, the service sector, and
the public sector. The primary sector encompasses the capture
fisheries and aquaculture fisheries and other primary sector
such as the agriculture. Parameters are drawn from SAM with
econometric analysis, and the effect of marine capture fisheries
is calculated by interpolation because values of capture fisheries
sector are aggregated in the SAM. The modeling4 is based
on standard hypotheses of CGE and the model is solved in
Generalized Algebraic Modeling System (GAMS).

After the construction of the general equilibrium, GDP is
calculated by sum of the value of final demands and net exports
as follows:

GDP =
∑

h

∑

c

PCcQHc,h +
∑

a

∑

c

∑

h

CAacQHAach

+
∑

c

PCcQGc +
∑

c

PCcQIc +
∑

c

PCcqstc

+
∑

h

∑

c

PCcQHc,h +
∑

c

PMcIMc +
∑

c

PEcEXc

where PCc is composite commodity price, QHch is quantity of
commodity consumption by household, CAac is marginal cost
of commodity from activity, QHAach is quantity of household
consumption of commodity from activity for household, QGc

is government consumption demand for commodity, QIc is
quantity of investment demand, PMc is price of imports in
domestic currency, IMc is quantity of imports, PEc is price of
exports in domestic currency, EXc is quantity of exports, and qstc
is quantity of stock change.

RESULTS

Philippines Economy
In the simulations, results show more negative change in
economic variables where more extreme changes in climate
occur. Since three scenarios are applied in this study, the model
focuses on the results on differences in GDP. The result of
simulation is shown in Figure 2. Ceteris paribus except change
in production of fisheries resulted from climate change, baseline

4The model includes 27 equations to form the system. Most parameters, variables

and equations and the code for the model are developed based on Lofgren

et al. (2002) and Lofgren (2003) following the neoclassical structure which is

well-developed by Dervis et al. (1982).
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FIGURE 2 | Projection of decrease in GDP by scenario.

scenario is normalized in the analysis. Index score of 100 is set
based on GDP of baseline specifying 100 as a reference point.
So, the score of 100 means the level of GDP in baseline for
each year, and scores <100 indicate the levels in scenarios are
underperforming the comparison in the year. As it shows, higher
radiative forcing value causes lower level of GDP compared to
baseline scenario assuming no changes in the status quo.

As a result of simulation, GDP is expected to decrease by
0.16% with scenario A (RCP 2.6) and 0.37% with scenario B
(RCP 8.5) up to 2060. This state came from direct effect, i.e.,

reduction in catch in exclusive economic zone and seas in the
Philippines leading to dwindling supplies, and indirect effect i.e.,

effects that came about as other product and factor markets in the
Philippines respond to the change in productivity.

For the examination of distributional aspects between urban
and rural area, households are grouped by residence. Looking
at consumption patterns, the nation’s service sector seems most
active, and that is especially predominant in urban areas. It
is shown that rural households spend more on the primary
sector and manufacturing and industry sector compared to
urban households. On the other hand, urban households appear
to spend more on the service sector. To review the fisheries
sector, urban households and rural households are on nearly
the same share of household consumption spending on fishery
commodities. The share of household expenditure allocated
to fisheries indicates about 1.4% (Table 1). Urban households
spend more on aquaculture products (0.83%) compared to rural
households (0.80%), while rural households relatively spend
more on marine capture products (0.67%) compared to urban
household (0.54%), but there is no significant difference between
patterns on the whole.

TABLE 1 | Share of household consumption spending on commodity.

Primary sector Mfg. and

industry

Service

sector

Public

sector

Fisheries Other

U-HH 0.014 0.056 0.323 0.601 0.006

R-HH 0.015 0.108 0.389 0.482 0.005

TABLE 2 | Distribution of household income in the fisheries by scenario.

Baseline Scenario A Scenario B

U-HH 100.000 99.840 99.640

R-HH 100.000 99.837 99.628

Table 2 presents the household income related with the
fisheries sector normalized to 100 for the baseline scenario.
Ceteris paribus, the result implies that the more global warming,
the greater loss of income that will occur. That is to say, climate
change has an effect of income reduction. The rate of decrease
in income of rural household is 0.163 and 0.372, for scenario A
(RCP 2.6) and scenario B (RCP 8.5), respectively; while for the
rate of decrease in income of urban household, is 0.160 and 0.360,
for scenario A and B, respectively.

Marine Capture Fisheries Sector
Marine capture fisheries in the simulation represents fisheries
excluding inland capture and aquaculture. This follows a
classification of the fisheries subsector used in the fisheries
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FIGURE 3 | Projection of decrease in contribution of marine capture to GDP by scenario.

situation report issued by the Philippine statistics authority (PSA,
2014). According to the volume of fisheries production data in
the Philippines (1980–2010), capture fisheries have made up a
high percentage (82%) of the total fisheries production for three
decades, and the percentage of marine capture fisheries is 89%
and that of inland fisheries is 11% among capture fisheries. The
percentage of capture fisheries is decreasing recently, while that
of aquaculture is growing. In 2013, capture fisheries accounts
for 59% of the total fisheries production in terms of the value
of production at constant prices, but based on capture fisheries,
marine capture fisheries became more dominant showing 95% of
total capture fisheries (PSA, 2014).

Climate change is one of the underlying causes of decrease in
production in the marine capture fisheries sector, and the impact
of climate change onmarine capture fisheries sector is substantial
since production is a big part of the economy. In the Philippines,
marine capture is currently dominated by roundscad, big-eyed
scad, anchovy, Indian oil sardines, Indian mackerel, threadfin
bream and tuna species (PSA, 2017a). Production of anchovy is
greatly affected by climate change compared to big-eyed scad,
Indian mackerel and threadfin bream. Sardine is relatively less
vulnerable compared to anchovy but weak upwelling conditions
can affect its population. With warmer water and less oxygen
available, tuna species in the Philippines (frigate tuna, eastern
little tuna, yellowfin tuna, skipjack, bigeye tuna), making 28%
of the catch (PSA, 2017a), are expected to decrease due to the
shortage of microscopic plants and animals which are an integral
part of the tuna food webs (Vousden, 2018).

The marine capture fisheries sector is affected directly
by decrease in production while other sectors of the
Philippines economy are influenced by only indirect
effect. Thus, looking over the marine capture sector, the
economic impact of climate change is significant in terms
of the ratio. As a result of the simulation, the contribution
of marine capture to GDP is expected to decrease by
9.41% with scenario A and 17.95% with scenario B up to
2060 (Figure 3).

The decrease in contribution of marine capture to GDP
leads to the decrease in income of fishermen. Fishermen in the
Philippines, one of the poorest groups in the nine basic sectors,
belong to households with income below the official poverty
threshold, representing a poverty incidence of 34% (PSA, 2017b).
Thus, a decrease in contribution of marine capture to GDP
has a negative impact on the mitigation of poverty incidence,
and that means climate change adds to the social welfare in
the Philippines.

Climate change brings negative consequences in terms of
rural household income (Figure 4). Decreases in productivity
leads to income reduction of households engaged in fisheries,
dampening profitability of fishing industries. Considering
fishermen reside more in rural areas rather than urban
areas, it is expected that climate change affects income of
rural households more than urban households. Income of
rural households is liable to decrease as climate change
continues, and it is expected to deepen as climate change
becomes extreme.
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FIGURE 4 | Projection of loss in rural household income by scenario. Income level in base year is normalized to 100.

Capture-Aquaculture Combined Fisheries
Sector
In order to examine the impact of climate change on the

production of marine capture fisheries, a simulation about

capture-aquaculture combined fisheries is carried out. Capture-
aquaculture combined fisheries in this section refers to all kinds

of fisheries traded in the Philippine market and Filipino fisheries
exported to the world market. As shown by the simulation
of the economic sector, GDP of the Philippines is expected
to decrease from 0.16 to 0.37% compared to the baseline
scenario. In light of the proportion of the fisheries sector
(which is about 1.8%) to the national economy, there is a
huge amount of influence on the economy. Fisheries GDP is
expected to decrease by about 9.27% with scenario A and bout
17.65% with scenario B up to 2060 compared to the baseline
(Figure 5).

Economic growth is an increase in the production of
goods and services due to an improvement in production
capacity, and is represented by an increase in GDP. The
current Philippines economic data suggests that the fisheries
sector will continue to grow due to a rise in demand,
an increase in productive capacity, and the development of
new technology. Economic growth in fisheries is expected to
slow compared to the baseline scenario since climate change
brings negative effects. Figure 6 shows economic growth in the
fishing sector based on capture indicating inflation-adjusted
measures in a corresponding year, i.e., the increase in real
GDP. As shown in Figure 6, the model notes that economic
growth in the fisheries slopes upward in all scenarios, but

the curves in the scenario A and B show relatively slower
economic growth.

Like the marine capture fisheries sector, loss of income affects
rural households slightly more than urban households as climate
change continues. It implies that climate change can cause urban-
rural income disparity. This is because there aremore people who
work in fisheries in rural areas than urban areas and a decrease in
fish catch affects rural household income. Thus, climate change
has more negative effect on rural households in terms of fisheries.
Figure 7 represents loss in rural household income by scenarios
A and B. As shown in the figure, climate change has negative
effect of income.

DISCUSSION

Vicious Circle in Fisheries Sector
The economy of the Philippines has grown for the last decade,
but more than 20% of the Philippines population remains
poor and the Philippines does not show big dynamism in
improvement of economic security, rise in the middle class
and even elimination of poverty, compared to other East
Asian countries (World Bank, 2016, 2018). The problem is
that the poor in the Philippines (30.8% of the population was
economically vulnerable, 18.7% was moderately poor, and 6.6%
of the population was extremely poor) are more vulnerable to
negative shocks being exposed to more risks for shortage of
resources without ability to cope and capacities necessary to
adapt to potential risks (World Bank, 2018). In other words,
climate change leads to problems for the collective economy
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FIGURE 5 | Projection of decrease in contribution of capture-aquaculture combined fisheries to GDP by scenario.

FIGURE 6 | Projection of economic growth in the fisheries by scenario. The GDP in base year is normalized to 100.

of the Philippines represented by slow economic growth
and deterioration of income distribution. In addition, climate
change contributes to accelerating the plight of the poor in
the Philippines.

The issue related with climate change and fisheries resulting
from this study is the slowdown in economic growth in the
fisheries sector. The problem is that for poor households in rural
regions, a large share of income comes from activities associated
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FIGURE 7 | Projection of loss in rural household income by scenario. Income level in base year is normalized to 100.

with the primary sector (World Bank, 2018). Therefore, it is
expected that factors such as climate change will contribute to
the plight of the poor in the Philippine due to slow growth
of fisheries and the poor’s dependency on fisheries sector. The
second problem is the fact that negative economic impacts on the
fisheries sector may affect fishery resources in Philippines making
a vicious cycle since changes in fish abundance and location
will cause more completion and conflict for the remaining
resources. It would result in a decline in food resources and
food security. Decrease in fish products, which are the means of
inexpensive and nutritious food supply, causes significant strain
on the cost of living of low-Income people in the Philippine due
to limited options in terms of food consumption. Thus, poor
fisheries productivity caused by climate change is expected to
affect the nation’s economy but particularly bring hardships to
the poor.

Limitations on the Model
Several points are worth noting to contemplate what are the
limitations and how they could be extended in future work.
The paper assumed perfect competition in the market of the
Philippines. In reality, it may be natural to face different
types of market structure that do not meet rigorous criteria
of perfect competition. It is necessary to incorporate cases
of imperfect markets such as price controls, if applicable.
It is also necessary to consider the more flexible and
complex functional form of analysis, as well as Cobb-
Douglas functions, to better reflect the structure of the
Philippine economy.

Second, the paper assumed productivity of all sectors except
fisheries, which remains constant, i.e., supply of other fields
might be altered under the model mechanism, but it does
not mean they are directly affected by climate change. The
assumption is advantageous for identifying the influence on
fisheries, but leaves something to be desired if someone wants
to completely examine the state of the economy itself. To
improve predictive power of the model and better represent
comprehensive economic condition, it is necessary to consider all
products being influenced by climate change, such as agricultural
products, simultaneously. Also, the paper assumed paradigm
of general equilibrium depending on aggregated data. It is
necessary to note that a possibility of spatial variation in fisheries
productivity and decline in fisheries is inherent in reality.

Third, the adaption needs to be discussed in depth. This
study focuses on assessment of the economic impact by means
of the CGE model by reflecting changes in fish catch due to
climate change. The model used in this study is reflective of
dynamic reaction to change in factors like labor, capital and
inputs. However, the adjustment is limited to the changes within
the system built to reproduce the economy. Consequently, the
adjustments that can progress beyond the current structure is
not mechanically reflected in the model as when dealing with
non-monetary objectives such as adaptation to climate change.
Different adaptabilities could result in change inmarket structure
according to learning effect, change in preference, and new
policies. Simulations are performed under the assumption that
the current condition persists, but it would be desired to include
many situations. It is necessary to reflect various situations with
collecting information for any future study.
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CONCLUSION AND RECOMMENDATION

This paper examined economic impacts of climate change on
fisheries in the Philippines applying the dynamic computable
general equilibrium (CGE) model. In the analysis, one baseline
scenario and two climate change scenarios based on greenhouse
gas concentration were considered. The study focused on GDP
and income distribution by sector, which can represent economic
conditions in terms of economic growth and distribution.

The climate change impacts on marine capture fisheries in
the Philippines is projected to cause a decrease by about 9% of
fisheries GDP with the mitigation scenario and about 18% of
GDP with the extreme scenario up to 2060, compared to the
baseline scenario. This impact results in income reduction by
as much as 0.36% for urban households and 0.38% for rural
households in the Philippine economy. In addition, urban-rural
income disparity increases because loss for rural households is
slightly higher than that of urban households.

Climate change will affect the fisheries over a long period of
time. Accordingly, it means that the Philippines must prepare
itself to get ready for the impact and endeavor to mitigate
climate change. To prepare for climate change, the Philippine
needs to: (i) conduct an assessment of vulnerability to climate
change for fisheries at the national level in order to respond
to changing economic conditions expected to worsen over time
and that the assessment is continuously and periodically carried
out; (ii) carry out a gap analysis on the capability to cope
with the impact of climate change on fisheries for the national
economy; the gap analysis enables organizations to take the
selective and premeditated actions providing the information
about whether a sector or area can potentially be associated with

the issue or which community is more vulnerable to climate
change; (iii) make effective management plans for fisheries to
develop adaptation to climate change with the accumulated
information in the process—for an effective plan, it is necessary
to establish reliable research materials by collecting climate
data and fisheries-related information, and these sources should
be open to both organizations and the public to help make
more informed fisheries management decision; (iv) incorporate
climate change impacts into national economic development
plans and fisheries development plans; and (v) incorporate
climate adaptation into the fisheries management plan—it should
be accompanied by education on climate change that can increase
awareness of impacts of climate change and promotion of
adaptation strategies that can reduce the effect of climate change
on fisheries.
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