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1 Introduction

The fisheries sector is important to national economies in the developing world; for
example, several countries from both Asia and Latin America are among the major
fishing nations in the world (FAO, 2012). Although its importance is frequently
underestimated (Allison et al. 2009), it has a relevant role for local livelihoods and
regional development (Daw et al. 2009). In fact, about 3 billion people take almost
20% of their protein intake from fish products and 4.3 billion with about 15% of their
protein intake (FAO 2012:5). According to Garcia and Rosenberg (2010), fisheries
help to warrant food security either as direct nourishment, or indirectly as a source of
income to buy foodstuffs. In fact, fisheries production would have to increase in about
50% over the coming decades in order to cope with nutritional demand worldwide
(Rice and Garcia 2011); however, the trend seems to go the wrong way: fisheries
over-capacity has to be curtailed because it already threatens food security in a
number of regions (Smith et al. 2010; Srinivasan et al. 2010). Therefore, the potential
effects of climate change (CC) on fisheries imply consequences on food security (FAO
2007; Daw et al. 2009; Garcia and Rosenberg 2010).

Recent reviews on CC and fisheries have been presented by Brander (2007), Allison et
al. (2009), Barange and Perry (2009), Daw et al. (2009), Dulvy et al. (2010), Hanna
(2010), Perry et al. (2010), Perry (2011), and Rice and Garcia (2011), among others.
Several conclusions can be drawn from these reviews:

First, physical and ecological effects mainly concern changes in distributions and
abundances of fisheries resources. For example, species will move toward higher
latitudes and migrations will change patterns. Moreover, ocean acidification will
directly impact species with calcium carbonate skeletons, which include a number of
invertebrate fisheries (Perry 2011).

Second, such modifications will alter fisheries productivity; thus, in some regions
catches will decrease for some species whereas in others production will increase. For
example, Cheung et al. (2010) projected a total global maximum catch potential
variation of about 1% between 2005 and 2055, with the larger reductions in the
tropics, semi-enclosed seas and inshore waters.

Third, economic impacts will be generated in both costs and profits. Yet, studies of
monetary impacts are scarce. For example, Sumaila and Cheung (2010 on World Bank
report) predict that, by 2050, estimated global losses in landed catch value would be
from US$ 7 to US$ 19 billion for developing countries and from US$ 2 to US$ 8 billion
for developed countries. Indeed, both the economic context of the fishery and fishing
region are factors that will influence profitability (Hanna 2010). According to the
World Bank (2010), the monetary loss in landed values of fish catches by 2050
(discount rate = 0%) would amount to up to US$ 10.9 billion in East Asia and the
Pacific region and US$ 2.2 billion in Latin America and the Caribbean, while Europe
and Central Asia in another scenario would have positive profits of about US$ 0.01
billion. Studies on a smaller scale or for specific fisheries are just a few. For instance,
losses from small pelagic fisheries would amount between US$ 1 million and US$ 300



million in Thailand, from US$ 53 million to US$ 210 million in India, and from US$ 165
million to US$ 700 million in Philippines (Dulvy et al. 2010). With respect to the US
mollusks fishery, Cooley and Doney (2009) estimated a net present value of ex-vessel
revenue losses (discount rate = 4%) between US$ 0.32 billion and US$ 1.36 billion by
2060 due to ocean acidification.

Fourth, vulnerability of fisheries toward CC will be exacerbated by poor management
strategies. Actually, vulnerability of fisheries is likely to be higher where overcapacity
is already present (Brander 2007; Daw et al. 2009). Therefore, future research must
be focused on identifying the most vulnerable regions (Brander 2007; Allison et al.
2009). It should also recognize that both climate variability and direct human
stressors (e.g. overfishing) are inexorably linked (Brander 2007; Dulvy et al. 2010;
Hanna 2010; Perry 2011), and that adaptation will depend on the heterogeneity of the
fisheries sector (Daw et al. 2009).

And fifth, these reviews demonstrate that the existing literature on CC and fisheries
mostly deals with global studies. Furthermore, fewer studies on CC and fisheries have
focused on tropical and subtropical seas than in temperate waters (Barange and Perry
2009).

The latter point brings about an important issue: the scale of analysis (Daw et al.
2009). On the one hand, smaller spatial scales would improve the performance of
predictive models (Brander 2007; Perry 2011). In fact, fisheries management implies
multiple scales (Hanna 2010; Perry et al. 2010) since both adaptation and fisheries
policies are mostly implemented at either regional or national levels (Allison et al.
2009; Barange et al. 2010). Furthermore, the problem of food security under a
changing climate is important to be tackled on a multi-scale focus (Ericksen et al.
2009). On the other hand, economic effects of climate change are both short-term and
long-term (Hanna 2010). Indeed, factors by markets, demographic and institutional
issues will have a larger short-term effect on fisheries than CC itself (Daw et al. 2009).
Furthermore, fish stocks become more vulnerable in the short-term due to
overfishing rather than because of natural climate variability (Dulvy et al. 2010).
Thus, we argue that short-term analysis should be embedded into long-term policy
goals. Long-term in CC analyses implies 50-100 years, which is a rather correct time
span for industries such as forestry but other natural resources, such as fisheries,
need shorter periods for implementing management actions before collapse. A
shorter span would be useful for redirecting and adapting policies concerning natural
resources conservation under changing climate conditions. Hence, since adaptation
policies to CC in the fishing sector need to be coupled with fisheries management
actions, analyses in shorter spans at smaller spatial scales are warrant.

This paper has, therefore, the objective of providing a national and sub-national
assessment on the effects of CC on coastal fisheries. We estimate changes in landings
value by 2030, and we discuss implications for food security and
adaptation/mitigation policies using the Mexican fisheries sector as an example.



2 Methods

2.1 Study area

Our study assesses the Mexican fishing sector, which is an important source of food
and employment on a local basis (Ibarra et al. 2000). As most impacts of CC in local
economies are expected in coastal areas (Guzman-Amaya et al. 2010), we analyze two
important coastal fisheries: shrimp and sardines. These fisheries were chosen by the
following reasons:

Both fisheries represent some of the major Mexican coastal ecosystems according to
the classification of Martinez-Arroyo et al. (2011): estuaries, coastal wetlands and
upwelling areas.

Both fisheries contribute either directly or indirectly to food security. Shrimp is an
export commodity from which earnings in Mexico allow to buy food. Sardines are
eaten by Mexican consumers and are used as fishmeal by the livestock sector.

They accounted for 60.5% in volume and 50.7% in value of the total catch in Mexico in
2009 (CONAPESCA 2009: 4, 9).

Reliable time series datasets are available for both fisheries, allowing for more
accurate estimates of CC impacts.

Mexico is an emerging economy with a variety of oceanic and ecological regimes
which result in high marine diversity. Martinez-Arroyo et al. (2011) describe in detail
the oceanographic and ecological features relevant to Mexican fisheries and CC. For a
summary on the Mexican fishing sector and fisheries management see OECD (2006).

Mexico is among the first 15 fishing nations in capture fisheries volume (FAO, 2012).
Its fisheries sector’s exposure to climate by 2050 for the IPCC scenario B2 is moderate
(Allison et al. 2009). The economic dependence on fisheries in Mexico with respect to:
(a) fishers as a proportion of the economically active population is moderate, (b)
fisheries landings is high, (c) export value of fisheries products expressed as a
proportion of total value of all exports is low, and (d) fish consumption as a
proportion of total animal protein consumption is low (Allison et al. 2009). Its
vulnerability, sensitivity and adaptive capacity to impacts of CC on fisheries are all
moderate (Allison et al. 2009). Cheung et al. (2010) predicted a negative change in
catch potential for Mexico of about 4-5% under two scenarios: the Special Report on
Emission Scenarios (SRES) A1B and the stable-2000 level scenario.

2.2 The variables

We estimated output equations using panel data from the Mexican fisheries sector
from 1990 through 2009. This is an appropriate time span for analyzing CC impacts in
fisheries (see Cheung et al. 2010). Panels comprised data for 17 coastal Mexican
provinces (i.e. states). The spreadsheet containing the entire database is provided as
supplementary material.



Fishing output (tons in live weight) for shrimp and sardines fisheries were used as
latent variables.

We used the definition of Dalton (2001) for fishing effort as the number of vessels or
boats landing an individual species. We assumed variable and fixed costs as being
directly proportional to fishing effort. In fact, according to Cheung et al. (2010),
potential catch shifts would render fishing activities more costly as fishing effort
increases accordingly. Data were gathered from the annual records of the Mexican
fisheries agency (CONAPESCA, several years). We used the number of people hired in
fishing activities (CONAPESCA, several years). Following Allison et al. (2009), we
assumed that strong dependence on fisheries for employment may reflect high
absolute dependence (i.e. a large number of fishers). Capital and labor (production
inputs) are variables typically used in a production function, as they measure the
extent to which supply depends on the inputs used by the producer of such goods.
Total output, total effort and effort from other fisheries were incorporated in order to
check out for potential impacts in other fisheries.

We included a variable with annual financing amount from both government and
private agencies (CONAPESCA, several years), in order to measure the impact of
credits and subsidies on fish output. According to Dulvy et al. (2010 in OECD),
reductions in financial capital can be observed as a consequence of climatic
variability. We also include financing in our equation.

We used the average price of total output at constant prices in each province
(CONAPESCA, several years) and the National Consumer Prices Index for the fishing
and hunting sector (BANXICO, 2012).

Two variables accounting for climate effects were considered: average annual sea
surface temperature (SST), and average annual rainfall. The source datasets are:

Version 2 of the National Oceanic and Atmospheric Administration (NOAA) monthly
optimum interpolation (OLv2) SST analysis (Reynolds et al. 2002).

The 0.5° latitude x 0.5° longitude gridded monthly rainfall data (mm/month) from the
Global Precipitation Climatology Centre (GPCC) dataset, managed by the World
Climate Research Programme’s (WCRP) Global Climate Observing System (GCOS)
project (Rudolf et al. 2010).

The optimum interpolation sea surface temperature analysis is produced weekly on a
one-degree grid. The NOAA OLv2 SST monthly fields are derived by a linear
interpolation of the weekly optimum interpolation version 2 fields to daily fields; then
averaging the daily values over a month. The temporal coverage of the monthly data is
from 1981/11 to 2011/07 (both weekly and monthly data are available at:
http://www.emc.ncep.noaa.gov/research/cmb/sst analysis/). The GPCC V5 0.5
precipitation monthly data is available from 1901 to 2009. The gridded GPCC analysis
products are available at http://gpcc.dwd.de. We used annual averages for each
coastal province.




b)

As the El Nino / La Nina Southern Oscillation is a major event in climate variability
affecting Mexican fisheries (Martinez-Arroyo et al. 2011), we included a dummy
variable in years when Moderate/Strong El Nino or Moderate/Strong La Nina were
present.

Finally, models were run with and without natural logs for each variable.

2.3 The model

A dynamic panel model was employed for assessing the impact of economic and CC
variables on capture fisheries production. The estimator employed is the one
proposed by Blunder-Bond (1998) which is a system GMM (generalized moments
method) estimator. The use of such estimator is appropriate in this context, because
fish supply is often modeled as a dynamic process and the OLS and the within-group
estimators are both biased and inconsistent when estimating highly persistent data.

More specifically, to determine whether climate shocks have a lasting impact on fish
production, we estimated production equations that combine individual specific
effects with dynamics as follows:

P = 5pi,t—l + xi,uB ta;, +u, (1)

where p,, stands for some type of fish production for a specific province per year;
@, is an unobservable province-specific effect which is constant across time; x,, is a

vector of explanatory variables (described above); and u,, is a random disturbance

term. In other words, we are estimating an equation in which the supply of some type
of fish catch (i.e. shrimp or sardine) is the response variable, whereas lagged fish
output, capital, financing and labor are the main determinants of catches. Indeed, our
model includes lagged fish supply reflecting that supply of fish is often considered a
persistent phenomenon.

From an econometric point of view, Equation (1) faces two problems:

Factor inputs (capital and labor) are likely to be endogenous if there is
contemporaneous correlation between the error term and such factors due to
simultaneity problems.

There is the possibility of unobserved province-specific effects correlated with the
explanatory variables, including lagged fish output.

Thus, it seems desirable to control for simultaneity problems and the existence of
individual effects to obtain unbiased and consistent parameter estimates. In order to
obtain consistent estimates of the parameters of interest, a better approach would be
to transform Equation (1) by taking first differences of the data, eliminating thus the
problem of correlation between lagged fish output and province specific effects. Thus,
the alternative specification to equation (1) would be:



Api,t = 5Api,t—l + Axi,tﬂ + Aui,t (2)

where the province-specific effects (¢, ) have been eliminated but, by construction,

there is still correlation between the lagged differences of fish production and the
error term. To purge such correlation we used the Arellano and Bover (1995) system
GMM estimator, which allows to use lags of the level of fish output or lags of the first
differenced fish output, and of the regressors ( p,,, or Ap,, ,) as valid instruments.

Hence, the Arellano-Bover estimator computes the production Equation (2) and all
the orthogonality conditions that exist between lagged values of fish output and the
disturbances. Furthermore, it is the most efficient estimator available for exploiting
additional moment conditions by combining, in a single system, the fish production
equation in differences and levels. Thus, each equation is provided with a specific set
of instrumental variables as follows:

Ap;, = 5Api,t—l + Axi,uB +Au,, (3)
Pi, = é‘pi,tfl + xi,tﬂ +a, +u;, (4)

Equation (4) denotes the output data generating process in levels in which the
province-specific effect is not eliminated but must be controlled for by the use of
instrumental variables. Therefore, this setup is the best one since it exploits all the
moment conditions and gives us substantial efficiency gains over other estimators.
This discussion is important because although all the dynamic panel estimators are an
improvement over cross sectional estimators, not all of them will perform equally
well.

To assess the reliability of our output equation estimations it is advisable to carry out
specification tests. The so-called Sargan test for over-identifying restrictions is one of
such tests. It allows to ensuring the validity of the instruments by analyzing the
sample counterparts of the moment conditions used in the estimation process.
Another important specification test is a non-serial correlation test. This test verifies
whether the residual of the regression in differences is first or second order serially
correlated. We expect that the differenced residuals are first order serially correlated,
unless they follow a random walk. However, we also expect to find that such residuals
are not second-order serially correlated so as to ensure the validity of the postulated
instruments.

2.4 Scenarios analysis

Once the coefficients were obtained from the dynamic panel model, scenarios were
generated for the expected changes in fish production. We assumed the estimates
obtained by Martinez-Arroyo et al. (2011:115-116), who predict that by 2030, the
average temperature in the Gulf of Mexico will increase from 0.0 to 1.0 degrees
Celsius, while in the Mexican Pacific will increase between 0.5 and 1.5 degrees Celsius.
We used annual average for both fish output and temperature for each province to



determine the corresponding percentage increase in temperature specified by
Martinez-Arroyo et al. (2011). Thus, variations were obtained (either positive or
negative) by multiplying the model semi-elasticities by the average value (in 2009
USD) according to the level of change in degrees Celsius by 2030. Finally, the net
present value of the change in catch value (discount rates = 1% and 4%) in 2030 was
computed as a monetary measure of the impact of climate change. Detailed
computation of scenarios is given in a spreadsheet file as supplementary material.

3 Results and discussion

3.1 Estimates of monetary impacts

Estimates of the dynamic panel model coefficients (i.e. semi-elasticities), resulting
from the production solution are shown in Table 1. The FINANCING and
TEMPERATURE variables are treated as exogenous, and the rest of the explanatory
variables and their lags (predetermined variables), are included as instruments in the
System GMM estimates for the output of shrimp and sardine. The instruments we
used were validated by the Sargan tests and the AR(1) and AR(2) tests.

Table 1: Results from the dynamic panel model.

Independent Variable SHRIMP SARDINE
GMM-SYS GMM-SYS
Temperature -0.0112224 0.0399647
p (0.01027) (0.02522)
Temperature(.1) -0.00677598 (()8%)3}1}3?)}
(0.007506) ’
Temperature(:.) -0.0136262 (()(()) %)12?}?‘;%
(0.007918) '
Temperature - 0.0529214
p (3) (0.02560)
Temperature (.4 - 0.0266599
(0.01917)
Temperature(.s) - 0.0214378
(0.02013)
Capital* 0.0442466 0.133621
(0.04878) (0.03017)
Capital(t2) 0.0902726 -
(0.04736)
Cavital i 0.0687704
pral(s) (0.09961)
Capital(c4) - 0.0693346

(0.1205)



Capital(s - -

Capital.s) § _
Labor 0.0129704 -
(0.01130)
Labor(v1) 0.0132902 (0(.)16156?());)96)
(0.01004) '
LabOI‘(t.z] 0.0233448 B
(0.01111)
0.178906
Labort.4) } (0.07437)
o 0.0775595
Financing (0.06908) i
Wald (joint) (0.000) (0.000)
Wald (dummy) (0.000) (0:000)
Wald (Time) (0.000) (0.000)
Sargan test (1.000) (1.000)
AR(1) (0.095) (0.068)
AR(2) (0.254) (0.409)

* Capital refers to number of boats.

All variables are statistically significant and they all confirm that CC will have a
meaningful influence on fish catch. Such effects will be differentiated according to the
fishery and will vary among provinces. Such result is coherent with former evidence
and has been observed on a larger scale (e.g. Cheung et al. 2010, Hanna 2010). Hence,
shrimp production will be negatively affected in about 1.1% in decreasing catch for
every 1% of temperature increase (Table 1). In fact, shrimp fisheries are highly
dependent on mangroves and wetlands, which are ecosystems among the most
vulnerable to both CC and other threats such as land use, pollution, salinity changes
and sea level rise (Martinez-Arroyo et al. 2011). Due to ocean acidification, organisms
with calcium carbonate skeletons, such as shrimp, will be negatively affected (Perry
2011). Furthermore, according to Guzman-Amaya et al. (2010), shrimp fisheries will
suffer not only biological impacts, but also consequences on facilities concerning
storage and distribution will be observed.

In contrast, the sardine fishery would benefit by approximately a 4% increase in
production for every 1% increase in temperature. Sardine stocks, nevertheless
present high natural variations in abundance, so that, assessing how much these will
be impacted by CC is rather uncertain (Perry et al. 2010). Yet, there are conditions
which may indicate consequences from CC. One of these is the ENSO effects on small
pelagic fish (Chavez et al. 2003; Dulvy et al. 2010). For example, Allison et al. (2009)
point out that ENSO warming effects off Peru are associated with a decline in
anchovies, but with the opposite effect on sardines. According to Martinez-Arroyo et
al. (2011) higher abundances of sardines in the Easter Tropical Pacific may be



associated to warmer regimes and the presence of eddies in the California Current. In
this respect, King et al. (2011) point out that, fluctuations of Pacific sardine stocks will
continue in this region, probably with more frequent periods of high abundance.
Furthermore, coastal upwelling off California will intensify due to CC (Snyder et al.
2003). Similar phenomena have been observed elsewhere for other species of
sardines (e.g. Binet 1997). Our result that sardines fisheries would be positively
influenced by future warmer conditions supports such ideas.

Cheung et al. (2010) analyzed aggregated Mexican fish production and concluded that
catch potential would have a negative change of about 4-5% by 2055 under the
“SRES-AB1” and “Stabilization at 2000-level” scenarios. In fact, Cheung et al. (2010)
included fish species that presumably would be negatively affected by CC, like for
example squid, tuna, oyster, swordfish, sharks, anchovy, among others (Guzman-
Amaya et al. 2010; Martinez-Arroyo et al. 2011). In our study, we found that effects
from CC would be differentiated according to species and regions. Nevertheless, we
are aware that our analysis did not include other important Mexican fisheries. We
rather focused on the classification proposed by Martinez-Arroyo et al. (2011) for the
most vulnerable marine and coastal environments in Mexico: 1) Lagoons, estuaries
and wetlands; 2) Upwelling areas; 3) Marine current and frontal systems; and 4) Coral
reefs. The former two were analyzed with the shrimp and sardines fisheries. With
respect to marine systems, we reckoned that a different way of modeling such
systems is needed (e.g. Suarez-Sanchez et al. 2004; Stock et al. 2011) because fishing
fleets behave in a very different way than in near shore waters since these fish stocks
(e.g. tunas) migrate throughout international waters. And finally, it is difficult to
gather reliable data on fishing linked to coral reefs.

It is worth mentioning that labor and capital (i.e. boats) positively affect fish
production for both shrimp and sardines fisheries, just as fisheries economics theory
predicts (Hannesson 1993). In spite that labor was an aggregated variable and
artisanal boats were not included in our models, our results are congruent with
similar reports in the literature (as noted above).

Monetary changes in catch value (live weight) by 2030 are shown in Table 2. For the
shrimp fishery, losses amount from US$ 95 million (discount rate = 4%) to US$ 444
million (discount rate = 1%). For the sardine fishery, gains range from US$ 46 million
(discount rate = 4%) to US$ 184 million (discount rate = 1%). Most losses/gains
would be observed in the NW Mexican Pacific, where the fishing sector has an
important role in local economies (Figure 1). Hence, Sinaloa (SIN) is the most
vulnerable province, followed (in descending order of vulnerability) by: Sonora
(SON), Tamaulipas (TAMPS), Nayarit (NAY), Chiapas (CHIS) and Campeche (CAMP).
The least vulnerable would be Baja California (BC) and Baja California Sur (BCS). For
the first group, the dependence on shrimp fishing will be decisive, while the provinces
of Baja California peninsula would be better off due to sardine increase. Monetary
gains from the sardine fishery in the Gulf of Mexico are rather small. Nevertheless, as
Brander (2007) points out, due to high uncertainty on both climatic and economic
conditions, predictions on future fish production imply low confidence estimates.
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Table 2: Net present value (thousands of US dollars) of landed catch value by 2030 for
Mexican coastal provinces in both the Pacific and Gulf of Mexico.

discount rate

discount rate

Scenarios*
PACIFIC (°Q) 0.01 0.04 0.01 0.04
BC 0.5 2,247 1,700 12,232 9,258
1.5 6,740 5,101 36,695 27,773
BCS 0.5 2,464 1,865 6,950 5,260
1.5 7,393 5,595 20,849 15,780
SON 0.5 55,347 41,890 37,778 28,593
1.5 166,041 125,671 113,335 85,780
SIN 0.5 50,293 38,065 4,235 3,205
1.5 150,879 114,196 12,704 9,615
NAY 0.5 6,742 5,103 - -
1.5 20,227 15,309 - -
JAL 0.5 34 26 - _
1.5 102 77 - -
COL 0.5 675 511 13 10
15 2,024 1,532 38 29
MICH 0.5 7 5 - -
1.5 21 16 - -
GUE 0.5 172 130 - _
1.5 517 391 - -
0AX 0.5 3,043 2,303 - -
1.5 9,128 6,909 - -
CHIS 0.5 4,392 3,324 - -
1.5 13,177 9,973 - -
GULF OF MEXICO
TAMPS 0.0 ) i ) -
1.0 38,340 29,018 - -
VER 0.0 - - - -
1.0 8,204 6,210 161 122
TAB 0.0 - - - -
1.0 899 681 - _
CAMP 0.0 - - - -
1.0 16,926 12,811 11 8
YUC 0.0 - - - -
1.0 1,649 1,248 - -
QROO 0.0 - - - -
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1.0 - 1,412 - 1,069 11 8

Total
Pacific 0.5 - 125,416 - 94,924 61,207 46,325
1.5 - 376,248 - 284,771 183,620 138,976
Total
GoM 0.0 i ) i )
1.0 - 67,431 - 51,036 357 270
GRAND lower
TOTAL bound - 125,416 - 94,924 61,207 46,325
upper
bound - 443,679 - 335,808 183,977 139,247

* Scenarios correspond to the minimum and maximum increase in temperature reported by Martinez-Arroyo et al.
(2011) for both shores in 2030.

Comparing our results to other studies is rather difficult due to the scarcity of papers
dealing with costs estimation and due to the difference in approaches, time scale,
discounting, and scenarios construction. Most studies are large-scale oriented (e.g.
Sumaila and Cheung 2010; World Bank 2010). For example, according to the World
Bank (2010) the monetary loss in landed values of fish catches by 2050 (discount rate
= 0%) would range between US$ 0.73 billion and US$ 2.17 billion in Latin America
and the Caribbean. In contrast, there are only a few cases devoted to specific fisheries;
for instance, Dulvy et al. (2010) report losses for small pelagic fisheries (e.g. sardines
and anchovies) in Asian countries from US$ 1 million (in Thailand) to US$ 700 million
(in the Philippines). In our case, the sardine fishery would benefit from CC. Such
contrast might be explained by the higher latitude of the Mexican sardine fishery than
in those Asian countries. As Cheung et al. (2010: 32) point out, fisheries of temperate
waters will benefit the most due to CC.

As far as we know, no studies concerning costs for shrimp fisheries due to CC are
available. For the US mollusks fishery, Cooley and Doney (2009) report ex-vessel
revenue losses between US$ 0.32 and US$ 1.36 billion by 2060 (discount rate = 4%).
Differences between mollusks and crustaceans fisheries are evident but both are
especially vulnerable to increasing ocean acidification (Cooley and Doney 2009; Perry
2011).

Our estimates involve the monetary value of fish landings due to CC impacts (either
positive or negative). Further research should focus on the adaptation and mitigation
costs of the fishing sector. This is, however, no simple task. As noted by Parry et al.
(2009), costs of adaptation have been frequently under-estimated in a number of
studies for developing countries. Further, the food sector has proven to be a difficult
one for reliable estimates of both adaptation costs (Wheeler and Tiffin 2009) and food
security impacts (Ericksen et al. 2009). In our case, our scenarios are made up on a
direct link between temperature rise and fish production. However, the latter might
be influenced by other factors such as coastal degradation, pollution, increasing
demand of fish products, or changes in prices. These factors might well undermine
fisheries productivities, potentially resulting in greater losses than those estimated in
our model.
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a) Monetary loss

b) Monetary gain
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Figure 1: Map showing the Mexican coastal provinces with average monetary impacts in
a) shrimp and b) sardine fisheries due to CC by 2030 (millions of US dollars at discount
rate = 4%). See Appendix for provinces codes.
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3.2 Food security, adaptation and mitigation policies

Concerning food security, Garcia and Rosenberg (2010) indicate that fisheries
contribute to food security in either direct or indirect ways. In Mexico, sardines are
directly consumed by domestic consumers, and indirectly as fishmeal for livestock.
While shrimp is mostly an export commodity, it indirectly contributes to domestic
food security since money is earned in order to buy food. If shrimp production
eventually decreases, fishermen will target other species in order to compensate their
monetary losses. Being shrimp a high-value fishery, a major risk of over-exploitation
of other fish stocks might lead to food security concerns. In fact, food security is
already under threat due to current overfishing (Srinivasan et al. 2010); CC will only
exacerbate this condition.

However, the question of how the effects of CC on fisheries will impact food security
remains unanswered (Rice and Garcia 2011:1343). On the one hand, according to
Garcia and Rosenberg (2010: 2876), CC will have minimal effects on global
contribution of fish to food security. In fact, global fish catch has stabilized during the
last decade (FAO 2012), but a closer look indicates that a number of fish stocks have
collapsed (Worm et al. 2006). Thus, global fish supply remains somewhat constant
presumably due to species substitution, increasing fishing effort, and expansion of
fishing grounds, among other factors. Nevertheless, both consumers and producers
will have to adapt to new species and markets dynamics, as in the case of fishmeal
(Merino et al. 2010), because per capita fish products consumption is growing in both
developing and developed countries (FAO 2012:4).

On the other hand, on a smaller scale, livelihoods that depend on fisheries will suffer
the most in poorer regions, resulting in reduced production opportunities, damages to
productive assets, and decreased ability to planning livelihood activities (Daw et al.
2009). According to Badjeck et al. (2010: 375), about 90% of fishers depend on small-
scale fisheries around the world. In Mexico, for example, artisanal fishers would not
cope with changing distribution of certain species due to their lack of capital-intensive
fishing methods (Guzman-Amaya et al. 2010). Thus, migration from coastal zones
would be expected, rather than adaptation strategies (Guzman-Amaya et al. 2010).

As argued by Rice and Garcia (2011), aquaculture is seen as an alternate source of
protein. However, large aquaculture yields are often obtained by over-fishing wild
stocks which serve as food of cultivated species (Naylor et al. 2001), and a number of
aquaculture facilities in Mexico will be at risk due to increasing sea level (Guzman-
Amaya et al. 2010). Therefore, the role of aquaculture as an option for food security
remains ambiguous.

With respect to adaptation policies, there are actions to be taken for the Mexican
fishing sector. First, an adaptation policy based on subsidies directed to alleviate
variable costs is in the wrong direction because fishing fleets do generate CC
emissions as demonstrated by Tyedmers et al. (2005), and such subsidies foster over-
exploitation of fish stocks (Sumaila et al. 2010). For example, our variable FINANCING
was significant to shrimp fisheries, reflecting the fact that subsidies and soft credits

14



have presumably helped to maintain fishing effort, so that shrimp production has
been sustained over the years. In this case, a policy that eliminates fuel subsidies is
urgently needed in Mexico. Second, the big problem with fisheries facing CC scenarios
is that negative effects will be exacerbated by poor management. In other words,
already ill-managed fisheries will be the most vulnerable in the short-term (Allison et
al. 2009; Daw et al 2009; Hanna 2010; Mcllgorm et al. 2010).

Therefore, the major step for an adaptation policy in the fisheries sector is to address
the problems of over-fishing and ecosystem degradation (Brander 2007; Perry et al.
2010). Other proposed measures for Mexico and elsewhere are: the diversification of
fisheries practices and livelihoods, and more investment on research (Lluch-Cota
2004; Daw et al. 2009; Dulvy et al. 2010; Guzman-Amaya et al. 2010; Martinez-Arroyo
et al. 2011). For a detailed account of specific adaptations to climate impacts on
fisheries, see Daw et al. (2009), Dulvy et al. (2010), Grafton (2010), Johnson and
Welch (2010), Hanna (2010), and Rice and Garcia (2011).
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Appendix: Provinces codes

Pacific coast

BC Baja California
BCS Baja California Sur
SON Sonora
SIN Sinaloa
NAY Nayarit
JAL Jalisco
COL Colima

MICH Michoacan
GUE Guerrero
0AX Oaxaca
CHIS Chiapas
Gulf of Mexico
TAMPS Tamaulipas
VER Veracruz
TAB Tabasco
CAMP Campeche
YUC Yucatan
QROO Quintana Roo
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