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Abstract
The effects of trade openness on food prices and its consequence on national welfare are extremely complex. The findings are subject to different circumstances and they cannot be oversimplified by the neoclassical theory of comparative advantage. In this paper, the aim is to examine the effects of trade openness on global food prices and national welfare in the light of the uncertainties of climate variability. Given that the net global agricultural productivity impact and the variation from one economy to another economy under a global climate event are highly unpredictable, a Monte Carlo method is used to simulate the wide range of productivity and geographical variations. 
By assuming the percentage change of factor productivity shock around the globe is normally distributed under a climate event, the current version of GTAP model 6.2 plus the latest GTAP database 9.0 is run for 18,000 times by three sets of productivity shocks. Each productivity shock has 16 randomly drawn elements. Each element corresponds to an agricultural factor productivity disturbance to one of the 16 economies aggregated from the GTAP 9.0 database. 
One reference case and two alternative scenarios are considered in this paper. The reference case represents the current form of trade openness specified in the GTAP 9.0 database.  Scenario A represents an increase in trade openness by allowing more flexible substitutions between domestic agricultural production and imports. Scenario B represents further increase in trade openness by reducing 10 per cent of the current tariff levels on agricultural products, on top of the flexible institutional measures introduced in Scenario A. 
Our results found that trade openness can contribute to reducing the volatility of the world food prices. It also has an impact to some degree on the level of the world food prices, but the direction depends on the impacts of the climate events. In respect of national welfare, it is found that while greater trade openness in the agricultural sector could increase welfare in the global scale, it does not automatically increase welfare for every region.  



1. Introduction

The effects of trade openness are extremely complex. It is not a simple question that could be easily addressed by an empirical research. Research findings based on historical trade data may sometimes shed some lights on some perspectives, but the inseparable nature among explainable variables will invariably make the findings potentially inconclusive. The neoclassical trade theory of David Ricardo’s comparative advantage in 1817 have given some insights into the possible gains from international trade, but the underlying assumptions (e.g. immobility of capital across countries) made in two centuries ago were too stylised that they may not fit well with the modern world.  These perspectives have given rise to the increasingly popularity of Computable General Equilibrium (CGE) modelling among trade economists. This numerical simulation tool will be at the centre of this study. 
The aim of this paper is to examine the effects of trade openness on food prices and its consequence on national welfare in the light of the uncertainties of climate variability. It is a case motivated by the concerns of the agriculture sector and the broader community in the household sector. To simulate the uncertainty of the future climate shock, a stochastic approach based on the Monte Carlo method is introduced into this study. Following this approach, each economy in the world is perturbed by repeated random sampling of exogenous shocks targeting agricultural productivity. 
Three sets of samples are chosen. Each set of samples are chosen from a normally distributed population with a different mean. Sets 1 represents a set of largely negative global climate events.  Set 2 represents a set of largely neutral global climate events. Set 3 represents a set of largely positive global climate events.  32,000 samples are randomly picked from each set. Every 16 samples are grouped into a single productivity shock. For each productivity shock, some economies may experience a positive shock while others experience the opposite. This sampling specification is close to the general expectation that even the overall agricultural productivity of the world fall as the result of a climate event, individual economies may benefit. 
Three scenarios, including one reference case and two alternative scenarios, are developed in this paper. The reference case is a baseline scenario for comparisons. The first alternative scenario is a more open scenario with economies have greater responses to import-domestic substitutions with respect to relative price changes. The second alternative scenario is a further open scenario above the first alternative scenario with a uniform ten percent cut to all agricultural import tariffs. The net effects of trade policies on food prices and national welfare are read from the differences from the reference case, or between alternative scenarios.

Application of Monte Carlo simulation to CGE modelling opens a new dimension of quantitative analysis that allows researchers to examine their uncertain world by probability.  By a simulation of deterministic shocks, a simulation may give insight into the following question: ‘Would global food prices fall on further trade openness under a climate event X?’  But with the application of Monte Carlo simulation, the insight can extend to the following questions: ‘How certain the global food prices would fall on further trade openness under a climate event X?’ or even ‘How certain the global food prices would fall on further trade openness under a climate event?’ 
In this paper the standard model of the Global Trade Analysis Project (GTAP) is used for our simulation, with the support of the multi-region, multi-sector GTAP database. The GTAP model is the most widely used CGE model over the last quarter century. Its latest version 6.2a can be downloaded for free from the GTAP website (https://www.gtap.agecon.purdue.edu). The 9.0 GTAP database is also publicly available. The easy access of the model and the database make it possible for interested readers to replicate the results in this paper. 
It is not the purpose of this paper to suggest that the GTAP model is the ‘perfect’ or the ‘best’ model to represent the global economy. In fact, there were numerous criticisms over the specifications of the consumer behaviours, the production behaviours, and even the Armington substitution behaviours in the latest version of the model. Many of these criticisms are valid and they were acknowledged by the GTAP community. However, before choosing an economic model for this paper, some criteria must be laid down for our consideration.  First, the model structure must be based on sound economic theories. Second, the model must be supported by an empirical database and the parameterisation of the model must be based on reasonably sound methodologies. Third, the model must be transparent that readers could replicate the results without obstacles. Fourth, it would be optimal if the model is familiar amongst the community. It is the belief of the authors that the GTAP model suit the best of these criteria.
The Monte Carlo simulation is performed on an Intel i7 laptop machine via the default GEMPACK solver.  For each scenario, GTAP was run by 6,000 times by three sets of productivity shocks generated from different normally distributed populations. In total 18,000 comparative statics runs have been carried out for this study. The rapid development of computer technology is crucial for executing a cost-effective Monte Carlo simulation with a sophisticated economic model like GTAP. The total running time for these 18,000 runs plus extracting results took around 7 hours to complete. 
The rest of the paper is organised as follows. The next section gives a brief discussion of the GTAP model and its database. The third section outlines the details of scenario specification and the method of the Monte Carlo simulation. The details should allow interested readers to replicate the results in this paper. The fourth section presents the reference case and the statistical summary of the productivity shock samples. The fifth section reports the key results, followed by concluding remarks in the last section.


2. The GTAP model 

The latest GTAP model 6.2a, released in 2007, is used to examine the effects of trade openness in this paper. The main structure of this version of the model is very close to that documented in Hertel et al (1997). Some updates, particularly in the redefinitions of utility and equivalent variation, are documented in McDougall (2003). 
GTAP is a global economic model with multiple regions. Each region is supported by a mix of industries, providing primary factor income to government and private households to pay for their consumptions. Each industry is characterised by numerous firms operating in a perfectly competitive market with their production exhibits constant return to scale (CRTS). Firms in each industry are assumed to use the same proportion of inputs to produce a homogenous commodity, which can be sold to domestic and foreign markets via the Armington specification. 

Firms
Production inputs for each industry are specified by a nested separable Constant-Elasticity-of-Substitution (CES) function. Figure 2.1 gives a visual display of this three-level structure. At the top level, firms use fixed proportion of inputs, including intermediates (qf) and a primary factor composite (qva) to meet their output demand (qo). At the second level, cost minimisation yields an optimal mix of imported (qfm) and domestic goods (qfd) for each intermediate input and an optimal mix of primary factors (qfe) for the primary factor composite. In GTAP, primary factors include capital, labour, land and natural resources. It is assumed that capital is mobile while other primary factors are immobile across region.  Within a region, capital and labour are assumed perfectly mobile across industries without adjustment costs. Land and natural resources are assumed imperfectly mobile across industries; thus, price differentials may exist between industries. The substitution between primary factors are governed by a substitution parameter (σVA). At the bottom level, figure 2.1 shows that the cost minimisation decision made at the second level on imported intermediates is influenced by the substitutability across import sources (qxs). As such, the ease of substitution between products of different regions are governed by two parameters: the Armington elasticity of substitution for the imported-domestic allocation (σD) and the Armington elasticity of substitution for the regional allocation (σM).

Figure 2.2: Firms’ production structure
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Allocation of regional household income
Private household consumption, government consumption and regional savings are allocated by a representative regional household (Figure 2.2) based on a utility maximisation objective below: 
          (Eq. 1)
where  denotes per capita aggregate utility, , per capita utility from private consumption, , per capita utility from government consumption, , per capita utility from real saving. , , and  are distribution parameters.  and  are per capita expenditures,  is per capita income while  and  are commodity price vectors.

Figure 2.2: Per Capita Regional Expenditure Allocation 
                                                           Expenditure = Income
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In the GTAP 9.0 database, , , and  are equal to their share in the generalised expenditure with sum equal to unity (. Under the GTAP standard closure, distribution parameters are not fixed. They are subject to change by changes of utility elasticity of generalized expenditure and utility elasticity of expenditure at the next level, and , as shown by the formula below: 

                                      where  is the share in the generalised expenditure     (Eq. 2)

Utility elasticities of government consumption expenditure and regional savings expenditure,  and  , are both fixed to unity in the model. Utility elasticities of private consumption expenditure,  , is normalised to unity initially but it may change by a different mix of private consumption bundle. Utility elasticity of generalised expenditure is calculated by the formula below:

                                                                                                                                             (Eq. 3)

Initially  for all , therefore  is also equal to unity. As such, initially, a one per cent change in regional expenditure translates into a one per cent change in regional utility.

Per capita utility from private consumption, government consumption or regional savings can be summarised by the equation below:

                                                                                                                                      (Eq. 4)
where  is expenditure in category i,  is population and  denotes a price index for category i. 

As  and  are fixed to unity in the model, per capita utility from regional savings is equivalent to a quantity index of savings, QSAVE, while per capita utility from government consumption expenditure is equivalent to a quantity index for government consumption. It should be noted that  is a variable in (Eq. 4) and it may depart from unity if a different mix of consumption bundle is chosen in the new equilibrium. This treatment is to make (Eq. 4) consistent with Hanoch's non-homothetic constant difference elasticity (CDE) demand system (Hanoch 1975):
          
                       (Eq. 5)                 
 
where  denotes the price of commodity ,  , the price vector, , the per capita utility from private consumption expenditure.   denotes the distribution parameters for each commodity  in private consumption,  , the substitution parameters, , the expansion parameters. 


Private household consumption
Private consumption allocation at the second level (Figure 2.2) is based on a CDE demand system shown in (Eq. 5). The objective of the representative private household is to maximise the utility from private consumption expenditure based on the price information of individual commodities (). In the standard database, the expansion parameters, , are normalised such that their share-weighted sum is equal to one:

                                                                 (Eq. 6)                 
where  denotes the share of commodity i in private consumption expenditure. 

This specification makes the model initially, by increasing one per cent in private consumption expenditure will translates into a one per cent increase in utility from private consumption. In the GTAP 9 database, all commodities for consumption are normal goods. That is, income elasticities are all positive while own price elasticities are all negative.  

Government consumption
Consumption allocation at the second level (Figure 2.2) is based on a Cobb-Douglas demand system. That is, income elasticity for government consumption is equal to one while own price elasticity is equal to minus one for all commodities at the second levels. Once the allocation of individual commodities is established, the allocation of commodities between imported and domestic sources, and the origin of imported sources are identical to that in the firms’ production structure (Figure 2.1). 
Regional Savings and Investment
Demand for real savings, QSAVE(r), is affected by the price of savings commodity in the region, PSAVE(r). In percentage terms,  is linked to the price of investment goods around the globe by the equation below:

                         (Eq. 7)

where  is the percentage change in price of investment goods, , the net investment expenditure in a region after depreciation, , the savings expenditure, and , the global sum of net investment expenditure. 
Savings expenditure in each region are managed by a global investment bank, which is a fictitious agent collects savings across regions and redistributes the money back into each region as net investment (gross investment less depreciation). The rule for investment distribution is determined by the changes in the expected rate of return (RORE), which in turn, depends on the current rate of return (RORC) and changes in capital stock. The relationship is written as:
     
                                                                                               (Eq. 8)

where KE denotes the beginning-of-the-period capital stock, KB, the end-of the-period capital stock, , the elasticity parameter for RORE with respect to the ratio between KE and KB. 
Under the standard closure, the global investment bank will distribute net investment across regions until all expected regional rate of return change by the same percentage. To maintain equal changes in RORE across regions, a small value of  will require a large change in KE while a large value of  will require smaller change in KE. In another word, larger the value of RORFLEX will have less effects on changes in regional investment. In the GTAP 9 database, RORFLEX is set to 10 for all regions.

Regional Income
Expenditure in regional household is supported by its per capita income, X, which is derived from industry value-added net of depreciation plus all indirect tax receipts. Indirect taxes paid by industries, private household, government, exporters, importers and global investors are modelled explicitly in GTAP in ad valorem terms. They include taxes on firms’ inputs and outputs, consumption taxes, import and export tariffs, and taxes on investment goods. 
Gross Domestic Product, GDP, is calculated directly from the GTAP database; it is the sum of private consumption, government consumption, investment and net export. Real Gross Domestic Product, QGDP, is a quantity index of the Gross Domestic Product.   

GTAP 9 database
The latest version, version 9 of the GTAP database (the GTAP 9 Database) is used by our Monte Carlo simulation. The GTAP database has a history of more than two decades. It is the most widely used CGE database in the world. The multiple versions are developed by the Purdue University under the Global Trade Analysis Project. In the current version, the database features global data for three reference years: 2004, 2007 and 2011.  We pick 2011 as the initial state of our simulation.
The GTAP 9 database represents the world in 140 regions and covers all production activities within 57 GTAP industrial sectors. Each industrial sector is assumed to produce one homogenous output. For each reference year, the database contains input-output based information, bilateral trade in goods and services, international transport, as well as taxes and subsidies imposed by governments.  These data information are derived from Input-Output Tables of 120 individual countries, representing 98% of global GDP and 92% of the world’s population, along with 20 composite regions (Aguiar et al. 2016). 
Behavioral parameters in the database are estimated by the GTAP database team (Aguiar et al. 2016). These parameters include the source-substitution or Armington elasticities (used to differentiate goods by country or origin), the primary factor substitution elasticities, the primary factor transformation elasticities affecting the sluggish factors, the investment parameters, and the parameters governing the CDE demand system. The methodologies for behavioural parameter estimation are documented in Reimer and Hertel (2004) and Hertel et al. (2016).
The GTAP 9 Data Base distinguishes following primary factors: capital, land, natural resources, and five labour categories consistent with the International Labor Organization’s grouping of employment by occupation. For our simulation, we aggregate all labour categories into a single primary factor. Capital, land, and Natural Resources are kept separated. We also aggregate GTAP regions into 16 aggregated regions but keep some major countries as individuals (Table 2.1). The mapping of 140 GTAP regions to 16 aggregated regions in Table 2.1 can be found in Appendix 1.1.


[bookmark: _Toc461182113]Table 2.1:  Aggregated Regions used for the Monte Carlo simulation
	Regions

	1. Australia
	2. China
	3. Japan
	4. South Korea

	5. Taiwan
	6. Indonesia
	7. Malaysia
	8. Rest of ASEAN*

	9. India
	10. Canada
	11. United States
	12. Brazil

	13. Latin America
	14. Russia
	15. EU28
	16. Rest of World


[bookmark: _Toc461182114]Note: *the Association of Southeast Asian Nations (ASEAN)
The focus of this study is to examine the implication of trade openness on food prices and welfare in an uncertain world. To keep our simulation simple, we aggregate all GTAP agricultural industries into one industry except the cattle industry (Table 2.2). The purpose of keeping the cattle industry separate is to look further into the close supply chain effect between the cattle industry and the bovine meat industry. For the same reason, we aggregate all GTAP food processing industries into one industry while keeping the bovine meat industry separate (Table 2.2). This aggregation setup allows us to examine the effects on food prices in two different spectrums; a bovine meat industry with strong link with the upstream cattle industry, and a broad food processing industry representing the average food prices. For the rest of the GTAP industries, we aggregate them into another six broad industries: the resource and manufacturing industry; the energy, gas and water industry, the construction industry, the land transport industry; the sea and air transport industry; and the services industry (Table 2.2). The full mapping of 57 GTAP industries onto 10 aggregated industries shown in Table 2.2 can be found in Appendix 1.2.

Table 2.2:  Aggregated Industrial Sectors used for the Monte Carlo analysis
	Industrial Sectors

	1. Agriculture
	2. Cattle
	3. Bovine Meat
	4. Processed Food
	5. Resources & Manufacturing

	6. Energy, Gas and Water
	7. Construction
	8. Land Transport
	9. Sea and Air Transport
	10.Services





3. Methodology

A reference case scenario and two alternative scenarios are developed to examine the macroeconomic impacts of trade openness. For each of the scenario, they are run by three sets of productivity shock samples. The first set of samples (Set 1), are drawn from a normally distributed population with a mean of -10 and a standard deviation of 10. The second set of samples (Set 2), are drawn from a normally distributed population with a mean of 0 and a standard deviation of 10. The third set of samples (Set 3), are drawn from a normally distributed population with a mean of 10 and a standard deviation of 10. As such, nine sets of results will be generated by the Monte Carlo simulation. 
The reference case is a baseline scenario with no changes to behavioural parameters (Table 3.1). It represents a scenario that trade openness around the globe is maintained at the current level, or strictly speaking, at the level in the database.  The only shock brought into the reference case is a single productivity shock (S) targeting two industrial sectors; the aggregated agriculture sector and the cattle sector. Each productivity shock contains 16 heterogenous elements. Each element (Si) corresponds to a percentage disturbance to primary factor productivity in a region. For example, if -5.8 and -15.1 are the first two random numbers in Set 1, primary factor productivity (afesec) of agriculture sectors in Australia and China will be shocked by -5.8 and -15.1 per cent respectively in the first simulation.  The shock is targeted at primary factor productivity of agricultural sectors because output per unit of primary factors are subject to large swings under climate variability events.

Table 3.1: Summary of scenarios
	
	Elasticities of substitution between domestic and imported and products (σD)
	Elasticities of substitution among imports from different sources (σM)
	Import tariff shocks (tm)
	Mean of productivity shocks (afsec)

	Reference Case R1
	Default
	Default
	No
	-10 

	Scenario A1
	Increase by 50
	Increase by 50
	No
	-10 

	Scenario B1
	Increase by 50
	Increase by 50
	Yes
	-10

	Reference Case R2
	Default
	Default
	No
	0 

	Scenario A2
	Increase by 50
	Increase by 50
	No
	0 

	Scenario B2
	Increase by 50
	Increase by 50
	Yes
	0

	Reference Case R3
	Default
	Default
	No
	10 

	Scenario A3
	Increase by 50
	Increase by 50
	No
	10 

	Scenario B3
	Increase by 50
	Increase by 50
	Yes
	10



The first alternative scenario, Scenario A, represents a higher degree of trade openness around the world. Under Scenario A, demands for agriculture and food products are more sensitive to relative price changes across economies. That is, a smaller relative price change across economies would trigger a larger import-domestic substitution or substitution between imported sources. This type of additional trade openness is implemented by increasing the elasticities of substitution between domestic and imported and products (σD) and the elasticities of substitution among imports from different sources (σM) by 50 from their initial default values (Table 3,1). These changes only apply to the four food and agriculture commodities in our setup. No changes are made to the other six aggregated commodities (Table 2.2).  
The second alternative scenario, Scenario B, represents the highest degree of trade openness among three scenarios (Table 3.1). The degree of trade openness is implemented by adding a uniform ten percent cut to agricultural import tariffs on top of the Scenario A. That is, import tariffs for agriculture products (commodities produced by the agriculture and beef sectors) in Scenario B are reduced by 10 per cent based on the tariff rate in the database. The details of the shocks carried out in the reference case and the two alternative scenarios are documented in Appendix 1.3.
The closure for three scenarios is almost identical to the standard closure provided by the GTAP model (Hertal et al 2007), which can be downloaded from the GTAP website. There are only two changes made to this standard closure: First, we swap the standard numeraire, the global weighted average price for primary factor (pfactwld) with the global weighted average price for capital goods (pcdgswld) by making the former endogenous and the latter exogenous. Second, we swap the private consumption tax (tp) with the change in indirect tax (del_ttaxr) by making the former endogenous and the latter exogenous. The first change is to relax the assumption on the global price of primary factors. The second change is to keep the indirect tax income unchanged. This closure is maintained in all scenarios.
It is well known that the effect of climate variability on agricultural productivity is highly uncertain. The sign and scale of an effect in a year can vary greatly from region to region. It is not uncommon that some regions may suffer badly while others may experience significant benefits. To model this great uncertainty, we use a Monte Carlo approach by running each of the scenario 6,000 times, or 2,000 times by 3 set of samples. Each set of sample contains 32,000 data. Each data is drawn randomly from a normally distributed population with a specific mean and standard deviation. Data drawn from each set of sample are divided into 2,000 productivity shock with 16 elements each. Each element corresponds to a heterogenous productivity shock to a region in one occasion.
Out of the three sample sets, it is expected that most of the samples in Set 1 are negative, about half of the samples in Set 2 are negative and most of the samples in Set 3 are non-negative. The purpose of running the simulation with three sets of samples is to examine the impacts of trade policy under different climate variability events. Set 1 represents a range of events that most likely generate an overall negative impact on the global average agricultural productivity.  Set 2 represents events that most likely generate an overall neutral effect on the global average agricultural productivity while Set 3 represents events that most likely generate an overall positive effect.
For each productivity shock in Set 2, it is almost certain that some regions would carry positive shocks while others would carry negative shocks.  This is also very likely to occur for productivity shocks in Set 1 and Set 3. The properties of these samples will enable us to mimic the actual climate variability events that productivity impacts across the globe were not uniform and the sign of the productivity impact in a region could be opposite to most of the regions.  
At the start of our simulation, we conduct comparative static runs for the reference case for 2,000 times with each of the productivity shock in sample Set 1. After this, we replace sample Set 1 with sample Set 2, and repeat the comparative static runs for the reference case for another 2,000 times. After Set 2 is completed, we perform comparative static runs for the reference case again with sample Set 3. This whole process is repeated for scenarios A and B by using the same three sets of data. In total the model is run by 18,000 times, with each scenario being run by 6,000 times.  
Comparative static simulations for this study are performed on an Intel i7 laptop machine via the GEMPACK package. The solver is the Euler 2-step method, which is the default solver of GEMAPCK. The running time for 18,000 simulations on the machine is about 7 hours including results reporting. 
The nine sets of simulation results are analysed by three sets of productivity shocks.  The difference between Scenario A and the reference case is the effect of greater trade openness.  The difference between Scenario B and the reference case is the effect of further trade openness above that of Scenario A. The difference between Scenarios A and B represents the effect of a uniform tariff cut on agricultural commodities. 



















4. Reference case 

Three sets of samples are drawn from three specific statistical populations.  The first set of 32,000 samples, or 2,000 productivity shocks by 16 regions, are drawn from a normal distribution, N(-10, 102). The second set is drawn from a normal distribution, N(0, 102) while the final set is drawn from a normal distribution, N(10, 102). 
Table 4.1 provides a statistical summary of the sampling sets 1-3. For each sampling set, we conduct a z-test for the mean and the standard deviation for the whole 32,000 samples. It is found that the statistical tests cannot reject the hypothesis that each sample has the same mean and standard deviation as those in its respective population.

Table 4.1: Sample mean and standard deviation
	 
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	Shock>0
	Mean
	S.D
	Shock>0
	Mean
	S.D
	Shock>0
	Mean
	S.D.

	1 Australia
	16%
	-9.83
	9.95
	51%
	-0.18
	9.94
	85%
	10.17
	9.94

	2 China
	17%
	-9.66
	10.30
	49%
	-0.39
	9.95
	83%
	9.89
	10.18

	3 Japan
	17%
	-9.66
	10.20
	50%
	-0.16
	10.20
	83%
	9.66
	10.30

	4 Korea
	16%
	-10.07
	10.22
	49%
	-0.19
	9.92
	84%
	9.96
	9.98

	5 Taiwan
	16%
	-10.18
	9.88
	51%
	0.20
	10.00
	85%
	10.28
	9.90

	6 Indonesia
	15%
	-10.32
	10.02
	50%
	0.16
	9.92
	85%
	10.11
	9.99

	7 Malaysia
	15%
	-9.99
	9.79
	49%
	-0.12
	10.26
	84%
	10.35
	10.25

	8 Rest of ASEAN
	15%
	-10.11
	9.71
	48%
	-0.13
	10.04
	83%
	9.79
	10.28

	9 India
	17%
	-9.72
	9.89
	50%
	0.02
	10.12
	85%
	9.84
	9.89

	10 Canada
	16%
	-9.72
	9.71
	50%
	-0.07
	9.90
	85%
	10.07
	10.05

	11 USA
	15%
	-10.02
	9.78
	49%
	-0.27
	10.02
	85%
	10.31
	10.22

	12 Brazil
	15%
	-10.31
	10.32
	52%
	0.33
	9.99
	83%
	9.63
	10.12

	13 Latin America
	16%
	-10.05
	9.87
	48%
	-0.06
	10.12
	86%
	10.22
	9.83

	14 Russia
	16%
	-9.83
	10.06
	50%
	0.05
	9.96
	85%
	10.20
	9.80

	15 EU28
	16%
	-10.18
	10.11
	51%
	0.30
	9.76
	84%
	10.00
	9.81

	16 ROW
	15%
	10.01
	9.87
	50%
	0.03
	9.69
	84%
	9.63
	9.89

	All samples
	16%
	-9.98
	9.98
	50%
	-0.03
	9.99
	84%
	10.01
	10.03



Table 4.1 shows that around 16 per cent of samples in Set 1 carry positive sign. After every 16 samples are grouped into a single productivity shock and applied to the reference case, nearly all productivity shocks from Set 1 generate higher prices in global agricultural and food commodities (Table 4.2). Of the 2,000 productivity shocks from Set 1, 1,989-1,997 shocks increase prices of the global agricultural and food commodities. The percentage of shocks producing higher prices for the global agricultural and food commodities are much lower if the sample set is switched to Sets 2 and 3.

Table 4.2: Number of shocks producing an increase in global agricultural and food prices, the reference case
	 
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3(Mean = 10)

	Agriculture (agri)
	1991
	1072
	14

	Cattle (ctl)
	1989
	1086
	19

	Bovine meat (cmt)
	1997
	1070
	9

	Processed food(food)
	1992
	1089
	15



Next, we present the results of two welfare indicators: Regional Utility (U) and Real GDP (QGDP). In Table 4.3, it shows that a net global food price increase does not necessarily imply a fall in utility in a region. For example, 99 percent of productivity shocks from Set 1 generate an increase in global food prices for the reference case (Table 4.2). However, for most regions, the chance of obtaining an increase in regional utility is much higher than 1 per cent. This is partly because each productivity shock is heterogenous across regions. The probability of facing a positive productivity shock from Set 1 is around 16 per cent for every region. Therefore, the reference point for making any inferences from Set 1 results should be at around 16 per cent. Likewise, the reference point for making any inferences from Set 3 results should be at around 84 per cent.  From Table 4.3, it shows that economies like Australia, Canada and the US all have relatively better chances of obtaining higher utility under an event leading to increases in global food prices. These economies also have relatively lower chances of obtaining higher utility under an event leading to decreases in global food prices.

Table 4.3: Percentage of samples producing an increase in utility, the reference case
	u
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	Mean
	%>0
	Mean
	%>0
	Mean
	%>0

	1 Australia
	-0.02
	48%
	0.00
	52%
	0.05
	61%

	2 China
	-1.31
	14%
	-0.10
	49%
	1.03
	87%

	3 Japan
	-0.25
	5%
	-0.01
	49%
	0.20
	94%

	4 Korea
	-0.49
	1%
	-0.01
	49%
	0.39
	99%

	5 Taiwan
	-0.45
	2%
	-0.01
	49%
	0.36
	97%

	6 Indonesia
	-1.38
	14%
	-0.04
	50%
	1.05
	86%

	7 Malaysia
	-0.68
	14%
	-0.01
	51%
	0.59
	87%

	8 Rest of ASEAN
	-1.04
	16%
	-0.04
	49%
	0.82
	84%

	9 India
	-1.88
	17%
	-0.09
	50%
	1.48
	85%

	10 Canada
	-0.06
	33%
	0.00
	51%
	0.07
	78%

	11 USA
	-0.05
	37%
	0.00
	50%
	0.04
	68%

	12 Brazil
	-0.42
	30%
	0.01
	54%
	0.32
	72%

	13 Latin America
	-0.41
	24%
	-0.02
	49%
	0.35
	80%

	14 Russia
	-0.49
	3%
	-0.01
	49%
	0.40
	96%

	15 EU28
	-0.36
	8%
	0.00
	51%
	0.29
	92%

	16 ROW
	-1.03
	12%
	-0.03
	50%
	0.82
	88%



In comparison with utility, the variation in probability of achieving a higher real GDP across regions is generally smaller. The difference between utility and real GDP in the model is that real savings is a component of the former while investment is a component of the latter. For sample set 1, nearly all economies show that they have less than 16 per cent of probability of achieving a higher real GDP under a global food prices increase (Table 4.4).  This is consistent to the theory that an increase in the global food price, with everything else remaining unchanged, would have a negative impact on the global GDP. The results become a complete opposite when the sample set is switch to set 3.

Table 4.4: Percentage of samples producing an increase in real GDP, the reference case
	qgdp
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	Mean
	%>0
	Mean
	%>0
	Mean
	%>0

	1 Australia
	-0.24
	16%
	-0.01
	51%
	0.20
	85%

	2 China
	-0.96
	15%
	-0.07
	49%
	0.77
	84%

	3 Japan
	-0.13
	10%
	-0.01
	49%
	0.10
	88%

	4 Korea
	-0.20
	3%
	-0.01
	49%
	0.16
	97%

	5 Taiwan
	-0.18
	14%
	0.00
	51%
	0.15
	87%

	6 Indonesia
	-1.18
	15%
	-0.02
	50%
	0.93
	85%

	7 Malaysia
	-0.64
	14%
	-0.02
	50%
	0.57
	85%

	8 Rest of ASEAN
	-0.95
	14%
	-0.03
	48%
	0.77
	84%

	9 India
	-1.71
	15%
	-0.07
	49%
	1.39
	86%

	10 Canada
	-0.17
	11%
	0.00
	49%
	0.14
	89%

	11 USA
	-0.13
	13%
	-0.01
	49%
	0.11
	87%

	12 Brazil
	-0.65
	17%
	0.00
	52%
	0.49
	83%

	13 Latin America
	-0.58
	15%
	-0.02
	48%
	0.49
	87%

	14 Russia
	-0.34
	7%
	-0.01
	49%
	0.28
	92%

	15 EU28
	-0.29
	8%
	0.00
	51%
	0.23
	92%

	16 ROW
	-0.81
	14%
	-0.02
	50%
	0.65
	85%















5. Results

Table 5.1 provides a summary of the effect of greater trade openness on the world agriculture and food prices. The world commodity price is calculated by aggregating commodity price in individual regions weighted by its quantity share in the world.  The results show that increasing trade openness does not always put downward pressure on the world food prices. It appears that world food prices are likely to go down when it is under an adverse or average global climate event (Sets 1 and 2). However, this effect is unlikely to repeat when there is a favourable climate event that leads to a net positive productivity gain around the globe. Table 5.1 shows that trade openness is more likely to increase world food prices in that circumstance, though it is not always the case (Set 3). The combination of the three sets of results suggests that trade openness is more likely to reduce the volatility of food prices, instead of reducing food prices. 

Further, table 5.1 shows that the price volatility for the broader processed food is smaller than that for bovine meat, which is a narrowly defined commodity, after additional trade openness measures is introduced in scenario A. This may suggest that while a broad trade openness policy can contribute to reducing volatility of the overall food prices, the impacts on the price volatility of individual food commodity is largely unknown. 

Table 5.1: Number of shocks producing a larger increase in world food prices under Scenario A, compared with the reference case 

	 
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Agriculture (agri)
	48
	197
	1710

	Cattle (ctl)
	32
	88
	1649

	Bovine meat (cmt)
	429
	93
	1050

	Processed food(food)
	111
	27
	1678



In terms of utility, table 5.2 shows that greater trade openness would not automatically provide benefits to all regions. Some regions (i.e. Australia, China and Japan) are more likely to achieve higher utility with greater trade openness if there is a net productivity loss around the globe. Other regions (i.e. Korea, Taiwan and Indonesia) are more likely to achieve higher utility if there is a net productivity gain. None of the regions could demonstrate that they could increase their chances of achieving higher utility in both circumstances. 


Table 5.2: Percentage of samples producing a larger increase in utility under Scenario A, compared with the reference case 
	u
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	65%
	49%
	37%

	2 China
	69%
	53%
	34%

	3 Japan
	90%
	50%
	13%

	4 Korea
	11%
	48%
	84%

	5 Taiwan
	22%
	54%
	85%

	6 Indonesia
	38%
	51%
	67%

	7 Malaysia
	21%
	51%
	83%

	8 Rest of ASEAN
	22%
	49%
	77%

	9 India
	99%
	74%
	32%

	10 Canada
	76%
	52%
	23%

	11 USA
	63%
	48%
	29%

	12 Brazil
	35%
	52%
	60%

	13 Latin America
	40%
	51%
	63%

	14 Russia
	26%
	48%
	71%

	15 EU28
	78%
	48%
	28%

	16 ROW
	81%
	53%
	24%



Similar to the results for utility, table 5.3 shows that greater trade openness would not automatically provide higher real GDP to all regions. Some regions (i.e. India, Latin America and the US) are more likely to achieve higher real GDP with greater trade openness if there is a net productivity loss around the globe. Other regions (i.e. Australia, Russia and the EU) are more likely to achieve higher real GDP if it is the opposite. However, there is one difference. In contrast to the utility results, some regions (i.e. Taiwan, Canada and Brazil) show that they could increase their probability of achieving a higher real GDP in both circumstances. Table 5.3 also shows that with greater trade openness, the probabilities of achieving a higher global real GDP are 98%, 61% and 12% under sets 1, 2 and 3 respectively. This suggests that greater trade openness is more likely to achieve a higher real GDP in a global scale, though the evidence is not overwhelming.

Table 5.3: Percentage of samples producing a larger increase in real GDP under Scenario A, compared with the reference case 

	qgdp
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	25%
	49%
	81%

	2 China
	66%
	50%
	30%

	3 Japan
	37%
	50%
	64%

	4 Korea
	20%
	48%
	68%

	5 Taiwan
	56%
	54%
	56%

	6 Indonesia
	86%
	50%
	18%

	7 Malaysia
	91%
	56%
	22%

	8 Rest of ASEAN
	99%
	58%
	5%

	9 India
	86%
	51%
	17%

	10 Canada
	58%
	51%
	60%

	11 USA
	67%
	52%
	41%

	12 Brazil
	54%
	57%
	70%

	13 Latin America
	94%
	51%
	14%

	14 Russia
	31%
	48%
	63%

	15 EU28
	44%
	48%
	57%

	16 ROW
	76%
	50%
	29%

	Total
	98%
	61%
	12%




Table 5.4 shows the combined effects of greater trade openness plus tariff cut on the world agriculture and food prices. It is not surprised to see the global food prices moving down after a uniform 10 per cent cut is applied to the current tariff levels of agricultural commodities.  

Table 5.4: Percentage of samples producing a larger increase in world food prices under Scenario B, compared with the reference case

	 
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Agriculture (agri)
	0
	9
	85

	Cattle (ctl)
	0
	0
	20

	Bovine meat (cmt)
	28
	6
	68

	Processed food (food)
	0
	0
	0




Table 5.5 shows that under scenario B, some regions (i.e. Korea and India) record a very high probability of attaining a gain in utility in comparison with the reference case. Many other regions (i.e China, Japan, and Rest of ASEAN) are seen more likely to achieve a gain in utility regardless of the sign of the overall productivity shock. That said, there are some regions (i.e. Indonesia and the US) record a very low probability of attaining higher utility. 

Table 5.5: Percentage of samples producing a larger increase in utility under Scenario B, compared with the reference case 
	u
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	64%
	53%
	48%

	2 China
	81%
	67%
	53%

	3 Japan
	98%
	89%
	55%

	4 Korea
	100%
	100%
	100%

	5 Taiwan
	79%
	95%
	100%

	6 Indonesia
	12%
	21%
	35%

	7 Malaysia
	39%
	71%
	93%

	8 Rest of ASEAN
	52%
	79%
	95%

	9 India
	100%
	100%
	100%

	10 Canada
	73%
	54%
	32%

	11 USA
	29%
	21%
	13%

	12 Brazil
	44%
	60%
	67%

	13 Latin America
	32%
	44%
	60%

	14 Russia
	34%
	75%
	97%

	15 EU28
	43%
	22%
	15%

	16 ROW
	98%
	94%
	86%



The results for real GDP is similar. The additional tariff cut in Scenario B does not automatically increase the probability of attaining a gain in real GDP for all regions.  While it makes some regions better off with very high certainties (i.e. Korea, Malaysia, India), it also makes some regions worse off with very high certainties (i.e. Australia, Canada and the US). However, in terms of the world real GDP, table 5.6 shows that the world would be better off under Scenario B regardless of the climate events.

Table 5.6: Percentage of samples producing a larger increase in real GDP under Scenario B, compared with the reference case 
	qgdp
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	0%
	0%
	0%

	2 China
	84%
	71%
	49%

	3 Japan
	58%
	78%
	95%

	4 Korea
	100%
	100%
	100%

	5 Taiwan
	100%
	100%
	100%

	6 Indonesia
	68%
	18%
	2%

	7 Malaysia
	100%
	100%
	86%

	8 Rest of ASEAN
	100%
	100%
	100%

	9 India
	100%
	100%
	91%

	10 Canada
	0%
	0%
	0%

	11 USA
	0%
	0%
	0%

	12 Brazil
	1%
	1%
	7%

	13 Latin America
	0%
	0%
	0%

	14 Russia
	34%
	63%
	85%

	15 EU28
	29%
	36%
	49%

	16 ROW
	100%
	100%
	100%

	Total
	100%
	100%
	100%



Table 5.7 and 5.8 show the net effect of the tariff cut by comparing scenario B with scenario A. It shows that for some regions (i.e. Japan, Korea and Taiwan), a uniform tariff cut would make them better off with very high certainties. However, these results do not extend to all other regions. Regions like Indonesia, the US and the EU are expected to be worse off with a uniform tariff cut regardless of the climate events. 
Table 5.7: Percentage of samples producing a larger increase in utility under Scenario B, compared with Scenario A 
	u
	Set 1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	60%
	75%
	90%

	2 China
	66%
	65%
	72%

	3 Japan
	99%
	100%
	100%

	4 Korea
	100%
	100%
	100%

	5 Taiwan
	100%
	100%
	100%

	6 Indonesia
	0%
	0%
	0%

	7 Malaysia
	100%
	100%
	100%

	8 Rest of ASEAN
	100%
	100%
	100%

	9 India
	100%
	100%
	100%

	10 Canada
	48%
	65%
	86%

	11 USA
	0%
	0%
	0%

	12 Brazil
	88%
	89%
	91%

	13 Latin America
	4%
	17%
	39%

	14 Russia
	81%
	90%
	96%

	15 EU28
	0%
	0%
	0%

	16 ROW
	100%
	100%
	100%



Table 5.8: Percentage of samples producing a larger increase in real GDP under Scenario B, compared with Scenario A 
	qgdp
	Set1 (Mean = -10)
	Set 2 (Mean = 0)
	Set 3 (Mean = 10)

	Regions
	% of positive gain
	% of positive gain
	% of positive gain

	1 Australia
	0%
	0%
	0%

	2 China
	96%
	97%
	98%

	3 Japan
	100%
	100%
	100%

	4 Korea
	100%
	100%
	100%

	5 Taiwan
	100%
	100%
	100%

	6 Indonesia
	4%
	15%
	40%

	7 Malaysia
	100%
	100%
	100%

	8 Rest of ASEAN
	100%
	100%
	100%

	9 India
	100%
	100%
	100%

	10 Canada
	0%
	0%
	0%

	11 USA
	0%
	0%
	0%

	12 Brazil
	0%
	0%
	3%

	13 Latin America
	0%
	0%
	1%

	14 Russia
	75%
	86%
	93%

	15 EU28
	0%
	0%
	1%

	16 ROW
	100%
	100%
	100%

	Total
	100%
	100%
	100%



6. Conclusions

In this paper, a Monte Carlo method is introduced to the GTAP model to examine the effects of trade openness on food prices and national welfare in the light of climate variability. The use of Monte Carlo method in CGE modelling provides a new dimension to the insights generated by this type of quantitative analysis. The results show that, based on the assumption of CRTS and the Armington specification, trade openness can contribute to reducing the volatility of the world food prices. It also has an impact to some degree on the level of the world food prices, but the direction depends on the impacts of the climate events. 
In respect of utility and real GDP, it is found that while greater trade openness in the agricultural sector could increase welfare in the global scale, it does not automatically increase welfare for every region.  This result is relevant to the debate of whether free trade is beneficial for all countries regardless of their economic status. The results demonstrate that greater trade openness has the potential to raise welfare for all regions, however, it does not give support to a universalistic one-size-fit-all approach for trade policy reform. It tends to give more support to the ideology that the composition of every economy at a time is unique, and thus the optimal trade policy for each economy at different time is hardly be identical. The implication is that bilateral trade agreements would be preferable over multilateral trade agreements because it is relatively easy and flexible for two parties to negotiate or review a set of reciprocal rules that suit the economic structure and priorities of both countries. That said, there are a number of caveats which may affect the validity of this conclusion. 
First, it is acknowledged that the assumption of CRTS and the Armington specification used by the model may not fully represent the complexity of the production and international trade in the agriculture sectors.  Relying on the theory of Melitz (2003), Zhai (2008) shows that conventional CGE models which largely adopted the Armington specification have underestimated the welfare effects of trade. Recently, by incorporating heterogenous firms and increasing return to scale for production into its CGE model, the World Bank (2016) shows that the Trans-Pacific Partnership (TPP) would raise GDP for all member countries but cut GDP for all non-member countries. However, Dixon et al (2016) shows that Melitz modelling does not provide support for large gains from free trade.  It is suggested that efforts will be required to repeat this study with an alternative model constructed with parameters estimated from empirical evidence and its own model specification.
Second, technology transfer is not considered in the simulation. It is acknowledged that technology transfer has a strong link with international trade and they are almost inseparable. Without considering the additional effects brought by technology transfer, it is almost certain the welfare effects of trade openness estimated by this study is lower than that observed from empirical evidence, particularly from the evidence before the Global Financial Crisis (GFC). That said, we argue that this issue is not important. The main purpose of using an economic model to examine the effect of a trade policy is to separate some factors that are hardly separable in empirical evidence. In this paper, the focus is on the effect of trade openness by itself, not technology transfer nor foreign investment nor foreign aid. 
Evidence is important for policy reforms and development. In this paper, we establish a transparent method to extract some evidence of the effects of trade openness on global food prices and national welfare. These evidence are relevant to the trade policy reforms.
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Appendix 1.1

Table A1.1:  Mapping from 140 GTAP regions to 16 aggregated regions
	No.
	140 GTAP 9.0 regions
	Code
	Aggregated regions

	1
	Australia
	 aus
	Australia     

	2
	New Zealand
	 nzl
	ROW      

	3
	Rest of Oceania
	 xoc
	ROW      

	4
	China
	 chn
	China      

	5
	Hong Kong
	 hkg
	ROW      

	6
	Japan
	 jpn
	Japan      

	7
	Korea
	 kor
	Korea      

	8
	Mongolia
	 mng
	ROW      

	9
	Taiwan
	 twn
	Taiwan      

	10
	Rest of East Asia
	 xea
	ROW      

	11
	Brunei Darussalam
	 brn
	Rest of ASEAN      

	12
	Cambodia
	 khm
	Rest of ASEAN      

	13
	Indonesia
	 idn
	Indonesia      

	14
	Lao People's Democratic Republic
	 lao
	Rest of ASEAN      

	15
	Malaysia
	 mys
	Malaysia      

	16
	Philippines
	 phl
	Rest of ASEAN      

	17
	Singapore
	 sgp
	Rest of ASEAN      

	18
	Thailand
	 tha
	Rest of ASEAN      

	19
	Viet Nam
	 vnm
	Rest of ASEAN      

	20
	Rest of Southeast Asia
	 xse
	Rest of ASEAN      

	21
	Bangladesh
	 bgd
	ROW      

	22
	India
	 ind
	India      

	23
	Nepal
	 npl
	ROW      

	24
	Pakistan
	 pak
	ROW      

	25
	Sri Lanka
	 lka
	ROW      

	26
	Rest of South Asia
	 xsa
	ROW      

	27
	Canada
	 can
	Canada    

	28
	United States of America
	 usa
	USA    

	29
	Mexico
	 mex
	Latin America    

	30
	Rest of North America
	 xna
	Latin America    

	31
	Argentina
	 arg
	Latin America    

	32
	Bolivia
	 bol
	Latin America    

	33
	Brazil
	 bra
	Brazil      

	34
	Chile
	 chl
	Latin America    

	35
	Colombia
	 col
	Latin America    

	36
	Ecuador
	 ecu
	Latin America    

	37
	Paraguay
	 pry
	Latin America    

	38
	Peru
	 per
	Latin America    

	39
	Uruguay
	 ury
	Latin America    

	40
	Venezuela
	 ven
	Latin America    

	41
	Rest of South America
	 xsm
	Latin America    

	42
	Costa Rica
	 cri
	Latin America    

	43
	Guatemala
	 gtm
	Latin America    

	44
	Honduras
	 hnd
	Latin America    

	45
	Nicaragua
	 nic
	Latin America    

	46
	Panama
	 pan
	Latin America    

	47
	El Salvador
	 slv
	Latin America    

	48
	Rest of Central America
	 xca
	Latin America    

	49
	Dominican Republic
	 dom
	Latin America    

	50
	Caribbean
	 jam
	Latin America    

	51
	Puerto Rico
	 pri
	Latin America    

	52
	Trinidad and Tobago
	 tto
	Latin America    

	53
	Caribbean
	 xcb
	Latin America    

	54
	Austria
	 aut
	EU28     

	55
	Belgium
	 bel
	EU28     

	56
	Cyprus
	 cyp
	EU28     

	57
	Czech Republic
	 cze
	EU28     

	58
	Denmark
	 dnk
	EU28     

	59
	Estonia
	 est
	EU28     

	60
	Finland
	 fin
	EU28     

	61
	France
	 fra
	EU28     

	62
	Germany
	 deu
	EU28     

	63
	Greece
	 grc
	EU28     

	64
	Hungary
	 hun
	EU28     

	65
	Ireland
	 irl
	EU28     

	66
	Italy
	 ita
	EU28     

	67
	Latvia
	 lva
	EU28     

	68
	Lithuania
	 ltu
	EU28     

	69
	Luxembourg
	 lux
	EU28     

	70
	Malta
	 mlt
	EU28     

	71
	Netherlands
	 nld
	EU28     

	72
	Poland
	 pol
	EU28     

	73
	Portugal
	 prt
	EU28     

	74
	Slovakia
	 svk
	EU28     

	75
	Slovenia
	 svn
	EU28     

	76
	Spain
	 esp
	EU28     

	77
	Sweden
	 swe
	EU28     

	78
	United Kingdom
	 gbr
	EU28     

	79
	Switzerland
	 che
	ROW      

	80
	Norway
	 nor
	ROW      

	81
	Rest of EFTA
	 xef
	ROW      

	82
	Albania
	 alb
	ROW      

	83
	Bulgaria
	 bgr
	EU28     

	84
	Belarus
	 blr
	ROW      

	85
	Croatia
	 hrv
	EU28     

	86
	Romania
	 rou
	EU28     

	87
	Russian Federation
	 rus
	Russia      

	88
	Ukraine
	 ukr
	ROW      

	89
	Rest of Eastern Europe
	 xee
	ROW      

	90
	Rest of Europe
	 xer
	ROW      

	91
	Kazakhstan
	 kaz
	ROW      

	92
	Kyrgyzstan
	 kgz
	ROW      

	93
	Rest of Former Soviet Union
	 xsu
	ROW      

	94
	Armenia
	 arm
	ROW      

	95
	Azerbaijan
	 aze
	ROW      

	96
	Georgia
	 geo
	ROW      

	97
	Baharain
	 bhr
	ROW      

	98
	Iran Islamic Republic of
	 irn
	ROW      

	99
	Israel
	 isr
	ROW      

	100
	Jordan
	 jor
	ROW      

	101
	Kuwait
	 kwt
	ROW      

	102
	Oman
	 omn
	ROW      

	103
	Qatar
	 qat
	ROW      

	104
	Saudi Arabia
	 sau
	ROW      

	105
	Turkey
	 tur
	ROW      

	106
	United Arab Emirates
	 are
	ROW      

	107
	Rest of Western Asia
	 xws
	ROW      

	108
	Egypt
	 egy
	ROW      

	109
	Morocco
	 mar
	ROW      

	110
	Tunisia
	 tun
	ROW      

	111
	Rest of North Africa
	 xnf
	ROW      

	112
	Benin
	 ben
	ROW      

	113
	Burkina Faso
	 bfa
	ROW      

	114
	Cameroon
	 cmr
	ROW      

	115
	Cote d'Ivoire
	 civ
	ROW      

	116
	Ghana
	 gha
	ROW      

	117
	Guinea
	 gin
	ROW      

	118
	Nigeria
	 nga
	ROW      

	119
	Senegal
	 sen
	ROW      

	120
	Togo
	 tgo
	ROW      

	121
	Rest of Western Africa
	 xwf
	ROW      

	122
	Central Africa
	 xcf
	ROW      

	123
	South Central Africa
	 xac
	ROW      

	124
	Ethiopia
	 eth
	ROW      

	125
	Kenya
	 ken
	ROW      

	126
	Madagascar
	 mdg
	ROW      

	127
	Malawi
	 mwi
	ROW      

	128
	Mauritius
	 mus
	ROW      

	129
	Mozambique
	 moz
	ROW      

	130
	Rwanda
	 rwa
	ROW      

	131
	Tanzania
	 tza
	ROW      

	132
	Uganda
	 uga
	ROW      

	133
	Zambia
	 zmb
	ROW      

	134
	Zimbabwe
	 zwe
	ROW      

	135
	Rest of Eastern Africa
	 xec
	ROW      

	136
	Botswana
	 bwa
	ROW      

	137
	Namibia
	 nam
	ROW      

	138
	South Africa
	 zaf
	ROW      

	139
	Rest of South African Customs
	 xsc
	ROW      

	140
	Rest of the World
	 xtw
	ROW      




Appendix 1.2

Table A1.1:  Mapping from 57 GTAP sectors to 10 aggregated sectors
	No.
	GTAP 57 sectors
	Code
	Aggregated production sectors

	1
	paddy rice
	pdr
	Agriculture (AGRI)

	2
	wheat
	wht
	Agriculture (AGRI)

	3
	cereal grains nec
	gro
	Agriculture (AGRI)

	4
	vegetables, fruit, nuts
	v_f
	Agriculture (AGRI)

	5
	oil seeds
	osd
	Agriculture (AGRI)

	6
	sugar cane, sugar beet
	c_b
	Agriculture (AGRI)

	7
	plant-based fibers
	pfb
	Agriculture (AGRI)

	8
	crops nec
	ocr
	Agriculture (AGRI)

	9
	bovine cattle, sheep and
	ctl
	Cattle (CTL)

	10
	animal products nec
	oap
	Agriculture (AGRI)

	11
	raw milk
	rmk
	Agriculture (AGRI)

	12
	wool, silk-worm cocoons
	wol
	Agriculture (AGRI)

	13
	forestry
	frs
	Resources & Manufacturing

	14
	fishing
	fsh
	Resources & Manufacturing

	15
	coal
	coa
	Resources & Manufacturing

	16
	oil
	oil
	Resources & Manufacturing

	17
	gas
	gas
	Resources & Manufacturing

	18
	minerals nec
	omn
	Resources & Manufacturing

	19
	bovine cattle, sheep and
	cmt
	Bovine Meat (CMT)

	20
	meat products
	omt
	Processed Food (FOOD)

	21
	vegetable oils and fats
	vol
	Processed Food (FOOD)

	22
	dairy products
	mil
	Processed Food (FOOD)

	23
	processed rice
	pcr
	Processed Food (FOOD)

	24
	sugar
	sgr
	Processed Food (FOOD)

	25
	food products nec
	ofd
	Processed Food (FOOD)

	26
	beverages and tobacco pr
	b_t
	Processed Food (FOOD)

	27
	textiles
	tex
	Resources & Manufacturing

	28
	wearing apparel
	wap
	Resources & Manufacturing

	29
	leather products
	lea
	Resources & Manufacturing

	30
	wood products
	lum
	Resources & Manufacturing

	31
	paper products, publishi
	ppp
	Resources & Manufacturing

	32
	petroleum, coal products
	p_c
	Resources & Manufacturing

	33
	chemical, rubber, plasti
	crp
	Resources & Manufacturing

	34
	mineral products nec
	nmm
	Resources & Manufacturing

	35
	ferrous metals
	i_s
	Resources & Manufacturing

	36
	metals nec
	nfm
	Resources & Manufacturing

	37
	metal products
	fmp
	Resources & Manufacturing

	38
	motor vehicles and parts
	mvh
	Resources & Manufacturing

	39
	transport equipment nec
	otn
	Resources & Manufacturing

	40
	electronic equipment
	ele
	Resources & Manufacturing

	41
	machinery and equipment
	ome
	Resources & Manufacturing

	42
	manufactures nec
	omf
	Resources & Manufacturing

	43
	electricity
	ely
	Energy, Gas and Water

	44
	gas manufacture, distrib
	gdt
	Energy, Gas and Water

	45
	water
	wtr
	Energy, Gas and Water

	46
	construction
	cns
	Construction

	47
	trade
	trd
	Services

	48
	transport nec
	otp
	Land Transport

	49
	water transport
	wtp
	Sea and Air Transport

	50
	air transport
	atp
	Sea and Air Transport

	51
	communication
	cmn
	Services

	52
	financial services nec
	ofi
	Services

	53
	insurance
	isr
	Services

	54
	business services nec
	obs
	Services

	55
	recreational and other s
	ros
	Services

	56
	public admin. and defenc
	osg
	Services

	57
	ownership of dwellings
	dwe
	Services



Appendix 1.3
A. GEMPACK code for the command file of the reference case
Swap pcgdswld = pfctwld;
Swap del_ttaxr = tp;
Shock afsec(“AGRI”) =file random.har header “SHK” slice “Sn”;
Shock afsec(“CTL”) =file random.har header “SHK” slice “Sn”;

B. GEMPACK code for the command file of Scenario A
Swap pcgdswld = pfctwld;
Swap del_ttaxr = tp;
Shock c_ESUBD("AGRI") =50
Shock c_ESUBD("CTL") =50
Shock c_ESUBD("CMT") =50
Shock c_ESUBD("FOOD") =50
Shock c_ESUBM("AGRI") =50
Shock c_ESUBM("CTL") =50
Shock c_ESUBM("CMT") =50
Shock c_ESUBM("FOOD") =50
Shock afsec(“AGRI”) =file random.har header “SHK” slice “Sn”;
Shock afsec(“CTL”) =file random.har header “SHK” slice “Sn”;

C. GEMPACK code for the command file of Scenario B
Swap pcgdswld = pfctwld;
Swap del_ttaxr = tp;
Shock c_ESUBD("AGRI") =50
Shock c_ESUBD("CTL") =50
Shock c_ESUBD("CMT") =50
Shock c_ESUBD("FOOD") =50
Shock c_ESUBM("AGRI") =50
Shock c_ESUBM("CTL") =50
Shock c_ESUBM("CMT") =50
Shock c_ESUBM("FOOD") =50
Shock tm(“AGRI”,REG) =uniform -10;
Shock tm(“CTL”,REG) =uniform -10;
Shock afsec(“AGRI”) =file random.har header “SHK” slice “Sn”;
Shock afsec(“CTL”) =file random.har header “SHK” slice “Sn”;
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