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Introduction
Wild catch fisheries and aquaculture are important global economic sectors. Fifty-seven million people are involved in fishing industries worldwide, while fish provide 6.7% of all human protein consumption.[footnoteRef:1] Yet, fish populations and the fishing sector face three key threats. First, almost two-thirds of the world’s fisheries are fished at biologically unsustainable levels. Second, the effects of climate change on ocean ecosystems, and thus regional fish populations, are uncertain. Finally, global per capita fish consumption is steadily increasing, adding additional pressure to an already strained resource. These threats led to a precipitous decline in fish populations with early evidence of a sixth mass extinction (Payne et al., 2016). This paper investigates the international trade and welfare impacts of climate-induced wild catch fishery decline. [1:  Source: UN State of World Fisheries and Aquaculture. http://www.fao.org/3/a-i5555e.pdf] 

There is extensive literature on the effects of climate change on regional and global fishery production and revenues (Cheung et al., 2010; Lam et al., 2016; Pauly & Zeller, 2016; Sumaila et al., 2011). However, to date, these effects have not been modeled jointly with global production and trade flows. Several studies employ economic models or computable general equilibrium (CGE) models to quantify the effects of changes in the fishery sector on specific regional economies (Bhat & Bhatta, 2006; Pan et al., 2007; Seung & Waters, 2010; Waters & Seung, 2010). At the global level, input-output analysis has been used for fishery study (Dyck & Sumaila, 2010); however this method only addresses a few issues, for example, the role and impacts of the fishery industry on the economy and other sectors. In addition, there has been no separation between wild catch and aquaculture in a global database and economic modeling framework, to our knowledge, which this paper provides. We disaggregate the standard GTAP database fish sector into two fish sources: wild catch and aquaculture, and modify the economic model to allow for two sources of fish that are substitutable in production and consumption.

Empirical Model and Scenario Design
The detail of the standard GTAP model can be found in Hertel (1997). In this abstract, we only describe the modeling features and extension for the specific purposes in this study. We extend the standard GTAP model by identifying the two sources of fish: wild-caught and farm-raised fish. The fish commodity and all other commodities are still considered firm inputs, which are all subject to the Leontief production function in order to produce outputs. However, fish is now a composite commodity purchased between wild catch and aquaculture commodities subject to relative prices through a constant elasticity of substitution (CES) function. The Leontief production function indicates no substitution between inputs; hence, if we treated wild catch and aquaculture commodities as two baskets at the same level with other commodities subject to the production function (i.e., Leontief function), there would be no substitution between wild catch and aquaculture when price of one commodity changes, which is not accurate, in general. Substitution is allowed in the modified model that is, the industry’s demand for fish depends on prices between wild catch and aquaculture commodities. These two commodities are selected in the domestic and international markets subject to the relative prices. It is assumed that the wild catch sector only uses the wild catch commodity as an input without uses of aquaculture commodities and vice versa. Hence, there is no substitution between wild catch and aquaculture commodities within these two sectors. 
In the production structure, the CES function is represented in the form of equations as follows.  -  =  –  +  - ) (1) where  refers to demand for input c by industry j in region r;  is the technological efficiency of input c used by industry j in region r;  is output of industry j in region r;  is the price elasticity of substitution;  is the given cost per unit of input c (or firm price) for industry j in region r; and  is the cost share of input c to industry j in region r and  = 1. At the top level, each industry chooses an input composite via the Leontief function. The linearized equation in the percentage changes of variables is:  =  (2) where  is the output augmenting technical change in industry j in region r. This variable relates to changes in output subsidy, production technology, and resource stocks. For example, when resource stock declines (i.e.,  = 10%), ceteris paribus, in order to keep output  unchanged, input  needs to increase by 10%. In the case that both input  and output  can be changed, changes in resource stock will affect input prices and supply prices of that industry j in region r. In addition, changes in resource stock will alter relative price changes between commodities in the economy. Such changes will also affect demands for labor, capital and other sources, thereby affecting input prices and consequently input demands by other sectors. These changes also affect final consumer price indexes and household incomes resulting from changing demand for labor. Consequently, such changes in industry j in country r will affect the whole domestic economy and the international market from changing country r’s demand for foreign commodities and export prices of their commodities. 
The model also includes market-clearing conditions in order to ensure that supply is equal to demand in every market. For example, the market-clearing condition for domestic sale ensures that supply of tradable commodities in the domestic market equal to domestic demands in that market as shown in equation (3): , where IND is a set of industry j;  is the quantity of domestic supply of good c in region r; ,  and  are domestic demands by industrial sectors, household, and government, respectively; ,  and  are shares of imports by each entity with +  +  = 1.
In the model, the zero profit condition is adopted so that the supply price of an industry is equal to weighted prices for input demands. The condition is written in the form of percentage change as shown in equation (4). In this equation, ENDW and FIRM are sets of endowment inputs and composite intermediate inputs, respectively;  is the supply price for industry j in region r;  is the price of endowment input i for industry j in region r;  is value added augmenting technical change for j in r;  is aggregated value added augmenting technical change for j in r;  is the price of intermediate input c for j in r;  is a cost share of endowment input i in total endowment cost of j in r; and  is a cost share of intermediate input c in total intermediate input cost of j in r.  +  =  +  (4).
The private consumption structure in the modified GTAP model is similar to the production structure, where the composite fish commodity and all other commodities are still included in private consumption baskets, which are selected via the constant difference of elasticity (CDE) function. However, households select a fish basket first, based on the prices of wild catch and aquaculture commodities. These two commodities are also purchased in the domestic or international markets, depending on the prices in each market. Households then demand fish and all other commodities (including meat and other nutrient products), according to their incomes and relative prices of these commodities through the CDE function. On the other hand, the CES function allows household to select between wild catch and aquaculture commodities based on their relative price changes only, while the CDE function contains both price substitution and income substitution when selecting between commodities. 

Data 
The GTAP database version 9 was used with a base year of 2011 (Aguiar, Narayanan, & McDougall, 2016). Among 57 industries, there is only one fishing industry and one fishing commodity, which aggregate both wild catch and farm-raised activities. We disaggregate the standard fish sector into two fish sources: wild catch and aquaculture using the SplitCom program, developed by Horridge (2008). Data on production was collected and combined for aquaculture and wild catch revenues from two sources: the Food and Agriculture Organization of the United Nations (FAO) Fisheries and Aquaculture Department and the Sea Around Us, a collaborative research group based at the University of British Columbia. We assume that demand for inputs by each disaggregated industry is consistent with the production shares for these sectors. Also, demand for each disaggregated commodity relies on the availability of commodities, thereby being dependent on production shares. Exports and imports of each disaggregated commodity were obtained from the FAO. Further detail regarding assumptions pertinent to data collection, reporting, and use are included in the full paper.

Scenario Design
The disaggregated database is employed in tandem with the modified GTAP model to investigate the impacts of projected, climate-induced and wild catch fishery decline on the global economy. Our modeling framework includes 20 sectors and 24 regions. We follow the Food and Agriculture Organization of the United Nations (2016) to inform our regional aggregation according to the wild catch fishery producers. With this framework, we simulate wild catch fishery decline as defined by the projected change in global fishery production found by (Lam et al., 2016). Specifically, the Lam et al. (2016) study provides estimates for the average percentage change in revenues from the wild catch fishery sector for each country or region between 2010 and 2050. In our simulations, we first assume that wild catch and aquaculture commodities are perfectly substitutable, and then relax this assumption for sensitivity analysis. 

Preliminary Results
We find number of interesting preliminary results. First, income effects dominate the direct price effect of species decline. Second, increased supply of aquaculture is not adequate to compensate for a deficit of wild catch fish. Third, though the effects on the economy at the macroeconomic level is relatively small, the effects on food industries are substantial; especially given that the aquaculture industry experiences relatively high fluctuations, as aquaculture is the main substitute for wild catch fish. Fourth, countries in Southeast Asia and South America experience relatively higher unfavorable impacts rather than those in other regions. Finally, international trade of fish commodities experience relatively high fluctuations, and welfare changes are substantial in many countries. Our work is a first step to investigate the economic impacts of potential climate-induced wild catch fishery decline and initial findings indicate the importance of continued work in this area.
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