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Abstract

The dynamic GTAP model, GDyn, extends the standard (static) GTAP model to include capital accumulation, adaptive expectation theory of investment and international capital mobility. In this paper, we implement in GDyn, the VU-National/MONASH/USAGE-type (hereafter USAGE-type) Investment theory and sticky/flexible wage mechanism originated by Dixon and Rimmer (2002). The USAGE-type investment theory considers the risk-averse behavior of investors, which in turn improves GDyn model robustness when constructing baselines or performing policy simulations. Furthermore, a USAGE-type investment function provides more flexibility in modeling investor’s expectation, i.e., either static or rational expectation. The sticky/flexible wage mechanism allows real wages to be sticky in the short run and flexible in the long run—both of which are in effect within the simulation period. This has the advantage of combining the two mutually exclusive labor market closure options in GDyn. 

Another significant adjustment we make in this paper is to disaggregate the region-specific investment coefficients and variables (e.g., VKB, VKE, etc.) by sector. This allows for sector-specific investment function/behavior within each region, compared to the current GDyn model which only has a region-wide investment function. And the assumption of the mobility of capital across sectors within regions will exaggerate the reaction of sectors to policy shocks. We end this paper by comparing the results from the existing and modified GDyn model using the same shocks based on a study of NAFTA's renegotiation by Ciuriak et al, (2017).














1. Introduction

The dynamic GTAP model (GDyn) is a recursive dynamic CGE model of the world economy. It extends the standard (static) GTAP model to determine how changes in policy, technology, population and factor endowments can affect the path of economies over time (Ianchovichina and Walmsley, 2012). The key features of this extension are endogenous regional capital stock, international financial assets and liabilities, international investment and income flows, and intrinsic dynamics of physical and financial asset stocks. GDyn is suitable for medium- and long-run real policy analysis, but not designed for short-run macroeconomic dynamics or financial or analyses. 

In this paper, we implement in GDyn, the USAGE-type Investment theory and sticky/flexible wage mechanism originated by Dixon and Rimmer (2002). The USAGE-type investment theory considers the risk-averse behavior of investors, which in turn improves GDyn model robustness when constructing baselines or performing policy simulations. The risk-averse behavior is depicted by an inverse-logistic relationship between expected rate of return and capital growth—i.e., investor’s elasticity of investment diminishes as expected return increase—wherein the minimum and maximum capital growth rate can be set based on observed historical growth. The inverse-logistic function also includes an error correcting mechanism to equalize investor’s expected rate of retun (ROR) with the equilibrium expected ROR to sustain capital growth rate. 

The sticky/flexible wage mechanism allows real wages to be sticky in the short run and flexible in the long run—both within the simulation period. This has the advantage of combining the two mutually exclusive labor market closure options in GDyn—i.e., either real wages adjust so aggregate employment is fixed; or aggregate employment adjusts to facilitate fixed real wages. 

In the GTAP Data Base, the investment-related coefficients only have a regional dimension. Another significant adjustment we made in this paper is to disaggregate the region-specific investment coefficients and variables (e.g., VKB, VKE, etc.) by sector. This allows for sector-specific investment function/behavior within each region, compared to the current GDyn model which only has a region-wide investment function. This approach allows the possibility of explicitly accounting for capital growth rate by industry.

Lastly, we compared the results from the existing and modified GDyn model (hereafter, GDynISM) using the same shocks based on a study of NAFTA's renegotiation by Ciuriak et al, (2017).


2. GDyn Investment Function
GDyn allows investors react to expected rather than actual rates of return. At the same time, GDyn incorporates an adjustment mechanism, also known as “Adaptive Expectation”, that draws the expected rate of return gradually toward the actual rate (Ianchovichina and Walmsley, 2012). The mechanism of “Adaptive Expectation” is justified by the fact that Investors’ expectations are usually “sticky” or “sluggish.” When the actual rate of return changes, investors adjust their expectations of future rates of return, with a lag. At first investors make a small adjustment; then if the change in the actual rate persists, investors make further changes in expectations until eventually the expected rate conforms to the actual rate.

To let investors react to the expected rate of return rather than the actual rate, and to make sure  the model has stable equilibrium such that any disequilibrium expected rates of return eventually moves towards common target rate, we have :
                      (1)
Where rorgt(r) is percentage change of target rate of return in region r; rorge is percentage change of expected rate of return; erg_rorg(r) denotes (absolute) change in rate of growth in the expected rate of return in region r; LAMBRORG(r) denotes a coefficient of adjustment in region r.

In GDyn, Investors react such that the higher the level of the capital stock, the lower the rate of return. Consequently, the expected rate of growth in the rate of return depends on the rate of growth in the capital stock:
           (2)
Where RORGEXP(r) denotes the expected gross rate of return in region r; QK(r) denotes capital stock in region r; RORGREF(r) is reference rate of return in region r; is a reference capital stock that grows at a speed KHAT(r) through time. RORGFLEX(r) is a positive parameter representing the absolute magnitude of the elasticity of the expected rate of return with respect to the size of the capital stock; SRORGEXP(r) is a shift factor to expected return.

Ignore term temporarily in (2) and rearranging it leads to:
    (3)
Where , ie. Investment-capital ratio; qcgds(r) is percentage change of gross investment; qk(r) is percentage change of capital stock; DKHAT(r) stands for adjustment of normal growth rate of reference rate of return KHAT.

Differentiating the full version of equation (2) gives :
       (4)
where rorge(r) is percentage change of expected rate of return; rorgf(r) is percentage change of reference rate of return; srorge(r) denotes the percentage change in the expected rate shift factor.

rorgf(r) is governed by the following error-correction mechanism:
                      (5)
where (RORGROSS stands for actual gross rate of return);  is an adjustment coefficient. 

Substituting rorgf(r) in (5) back to (4), we get:
                                                (6)

This equation shows three sources of change in the expected rate of return: (1) divergence between the actual rate of growth in the capital stock, qk(r)/[100*time], and the normal growth rate KHAT(r); (2) a correction for the observed error in the expected rate ; and (3) an exogenous shift factor .

Similar with expected rate of return, GDyn also treats the normal growth rate KHAT as an updatable coefficient within the model and provide an adjustment mechanism to bring it toward a model-consistent value through the course of a simulation:
                                                                       (7)
Where LAMBKHAT(r) is a coefficient of adjustment.

[bookmark: _Hlk511126250]Equation (1), (3), (6) and (7) comprise the investment theory of GDyn. With these equations, regional expected rates of return will gradually adjust toward a common target rate in the long run. It can also be shown that such mechanism ensures the convergence of the model toward a stable equilibrium and offers the flexibility of tailoring the model to observed data.

3. Model and Data
3.1. USAGE-type Investment Function
USAGE-type model allows for two broad treatments of capital and investment. The first one assumes movements in rates of return and exogenous investment/capital ratios. This assumption is suitable for long-run comparative-static simulations. The second treatment involves an explicit capital supply function, which is suitable for year-to-year dynamic simulations. 

The key feature of USAGE-type investment function is the inverse logistic capital supply function in Figure 1. It specifies the relationship between the equilibrium expected rate of return and capital growth rate.  

Figure 1. Inverse-logistic capital supply curve in sector j in region r
[image: ]

             											(8)

Where K_GR is the rate of growth of capital, K_GR_MIN is the minimum possible rate for growth of capital and is set at the negative of rate of depreciation. TREND_K is the industry's historically normal capital growth rate. This is an observed growth rate in capital over an historical period. K_GR_MAX is the maximum feasible rate of capital growth. It is calculated by adding DIFF to TREND_K. C is a positive parameter that determine the elasticity of investment. RORN is the historically normal rate of return (corresponding to TREND_K). F_EEQROR_J and F_EEQROR allow for vertical shifts in capital supply curves (the AA' curves in Figure1). 

In the following section, we show the definition of equilibrium expected rate of return, EEQROR. Firstly, the present value (PV) of purchasing in year t a unit of physical capital for use in industry j is:
PVj,t=-Πj,t+[Qj,t+1*(1-Tt+1)+ Πj,t+1*(1-Dj)]/[1+WACCt]             (9)
where
	Πj,t  is the cost of buying or constructing in year t a unit of capital for use in industry j; 
	Dj  is the rate of depreciation; 
	Qj,t+1 is the rental rate on j's capital in year t; 
	Tt+1 is the tax rate applying to capital income in all industries in year t; 
	WACCt is the nominal weighed average cost of capital in year t. 

Dividing both sides by Πj,t , we have the actual rate of return. 
ROR_ACTj,t=-1+[(1-Tt+1)*Qj,t+1/Πj,t+(1-Dj)*Πj,t+1/Πjt]/[1+WACCt*(1-Tt+1)]     (10)
USAGE-type of investment mechanism provides two possibilities for the specification of expected rates of return: static and forward-looking. Under static expectations, we assume that investors expect no change in tax rates, and that rental rates and asset prices will increase by the current rate of inflation. So the expectation of ROR_ACT is given by 
ROR_SEj,t=-1+[(1-Tt)*Qj,t/Πj,t+(1-Dj)j]/(1+R_WACC_SEt)       (11)
where R_WACC_SE is the static expectation of the real post-tax weighted average cost of capital. 
1+R_WACC_SEt=[1+WACCt]/[1+INFt]             (12)
In the revised GDyn framework (hereafter, GDynISM), we assume financial market are efficient and the real post-tax WACC in region r is equal to the real rate of return (RORE), ie, the global rate of return, RORG. 
R_WACC_SEt(r) = RORE(r) = RORG      (13)
We can also impose different spreads between R_WACC_SE and the RORE to capture the change of country risk. 
ROR_SEj,t=-1+[(PTt*Qj,t/Πj,t+(1-Dj)j]/(1+R_WACC_SEt)      (14)

Under forward-looking or rational expectations, we assume that investors correctly predict actual rates of returns (see Dixon and Rimmer, 2002). 

3.2. Sticky/Flexible wage mechanism
In most CGE analyses of the effects of policy, one of the following two assumptions is made: a) real wages adjust so there is no effect on employment; or b) real wages remain unaffected and employment adjusts. However, once we introduce the sticky/flexible wage mechanism, the model can take an intermediate position between a and b. We can assume that real wages are sticky in the short run and flexible in the long run. For example, in this case favorable shocks generate short-run gains in aggregate employment and long-run gains in real wages. 

In the model the employment-wage specification is as follows:
				(15)
In the equation, old indicates a basecase forecast value, that is, a value in the simulation without the policy.  and  are the real wage rate and the level of employment in year t in the policy simulation, that is the simulation with the shock. F is a long-run supply function of labour and  is a positive parameter. In most simulations we assume that F(Y) =1 for all Y, that is, the long-run supply of labour is independent of wage rates. 

The operation of the employment-wage specification is illustrated in Figure 2 for a steady-state case in which the forecasts for technology, consumer tastes, capital availability etc. are unchanged from year to year, leaving the demand curve for labour in each year t at DD, employment and the labour supply at  and the wage rate at , so that in each year the employment-wage combination is at point I. in the policy simulation there is an outward movement in demand curves in year 1. This causes the demand curve for labour shift up to D'D', where it remains for all future years. The short-run labour supply curve for year 1 in the policy simulation is SS. Together, SS and D'D' give policy simulation levels for employment and the real wage rate of  and . In year 2 there is a vertical upward shift in the short-run supply curve reflecting the gap between   and . In our diagram, employment and the real wage rate in year 2 are  and . Eventually the short-run supply curve for labour stops moving when W reaches . At this stage employment has return to .  














Figure 2. Operation of the employment-wage specification in a steady state
[image: ]

3.3. Disaggregation of region-specific investment Coefficients

Based on firm-level data from Standard & Poor’s Capital IQ database, we assign over 40,000 listed firms to GTAP regions and sectors. We extract information on gross operating surplus, rate of return and depreciation rate for each firm in the sample. We then generate initial estimates of the capital stock, the value of depreciation and the level of investment through the equations described in Figures A1 and A2. These values are then aggregated to construct corresponding values for a representative firm corresponding to the GTAP sector classification. 

These initial levels are not, however, consistent with the levels of capital, depreciation and investment for the aggregate single representative firm in the GTAP database. To preserve the consistency of the GTAP database, we scale the initial estimates of the values of the capital stock, depreciation and investment for the domestic and foreign-owned representative firms such that the sum is consistent with the values in the GTAP database.












Figure 2. The procedure in creating investment matrices
[image: ]

4. Simulations

In this section, we use the "renegotiation of the North American Free Trade Agreement (NAFTA)" (Ciuriak et al, 2017) as a case study to compare the newly adjusted dynamic GTAP and the GDyn models. In Ciuriak et al paper, the authors evaluated the trade and economic impacts of the United States walking away from the NAFTA under three alternative scenarios regarding the reaction of Canada and Mexico. Particularly, in our study, we only focus on the first case of their paper, i.e., implications of the three Parties reverting to World Trade Organization (WTO) rules for trade amongst themselves, including the imposition of most-favoured national (MFN) tariffs to all intra-NAFTA trade. 

Table 1. GDP and welfare comparison across four scenario.
	　
	(1) GDyn 
(Fixed L)
	(2) GDyn (Fixed DKHAT)
	(3) GDynISM (Fixed L)
	(4) GDynISM (Sticky-Wage)

	Real GDP (% Change) 

	Canada
	-0.409 
	-0.258 
	-0.200 
	-0.235 

	United States
	-0.028 
	0.004 
	-0.029 
	-0.046 

	Mexico
	-3.957 
	-1.622 
	-1.207 
	-1.421 

	China
	0.072 
	0.029 
	0.026 
	0.030 

	EU28
	0.085 
	0.028 
	0.021 
	0.028 

	ROW
	0.102 
	0.036 
	0.027 
	0.032 

	Welfare (USD Millions)

	Canada
	-5,326
	-4,246
	-3,654
	-4,093

	United States
	-9,145
	-4,581
	-3,109
	-5,606

	Mexico
	-19,046
	-15,130
	-13,997
	-16,509

	China
	1,242
	1,506
	3,000
	3,242

	EU28
	5,692
	2,579
	1,702
	2,712

	ROW
	16,388
	8,982
	5,609
	6,343

	Memo: NAFTA
	-33,517
	-23,956
	-20,760
	-26,209


	source: Calculations by authors

Table 1 shows that the results from GDyn model (2nd column, GDyn with Fixed Labour) are 2-4 times as big as the ones from GDynISM model (last two columns). The GDyn model with fixed labour shows that reverting NAFTA will cost Mexico almost 4% lost in its real GDP, which is substantially bigger than one from the GDynISM model with a USAGE-type investment function (loosing 1.2% instead). The two models use the same shocks and the database except the GDynISM model has the sector-specific investment and capital data. The elasticity of investment  to rate of return (RORGFLEX in GDyn and SMURF in GDynISM) are similar in two models, which are close to 1. We believe that the difference in results is due to the feedback mechanism on the growth rate of capital stock (KHAT)—i.e., the GDyn model results in bigger  impacts. The change of capital growth rate during the simulation is described by Equation (7). When country faces a negative impact caused by external shocks, such as, Mexico in this case, the rate of return, rora, in this region will be reduced in the first year. The growth rate of capital stock, DKHAT, will shrink due to the relationship described in Equation (7). The reduction of DKHAT will lead to a lower investment rate (from Equation 3). To test this argument, we turn off Equation (7) by swapping DKHAT and the shift variable SDKHAT. The results in third column of Table 1 (GDyn with Fixed DKHAT) show that the impact is only half of the impact in the standard GDyn model. After this adjustment, the results are much similar to the one of the GDynISM with fixed labour.

Tables 2-4 list the macro results of the simulations for USA, Canada and Mexico respectively. Comparing the results from GDyn and GDynISM, the investment reduced by much more in GDyn (for Mexico, -7.5% vs -2.9%). The bigger decline in investment leads to bigger trade surplus when the supply side of the economy constrained by the fixed labour.  

Table 2. Macro results of renegotiation NAFTA for USA
	
	(1)
	(2)
	(3)
	(4)

	Major aggregates
	% change
	% change
	% change
	% change

	Economic Welfare ($mn)
	-9,145
	-4,581
	-3,109
	-5,606

	GDP volume 
	-0.028 
	0.004 
	-0.029 
	-0.046 

	GDP deflator 
	-0.322 
	-0.252 
	-0.105 
	-0.101 

	CPI 
	-0.248 
	-0.191 
	-0.091 
	-0.088 

	National Accounts Aggregates (quantity)
	　
	　
	　
	　

	Consumption  
	-0.067 
	-0.039 
	-0.029 
	-0.044 

	Government Expenditure 
	0.015 
	0.039 
	0.030 
	0.014 

	Investment 
	-0.461 
	-0.249 
	-0.171 
	-0.187 

	Total Exports of Goods & Services) 
	-1.395 
	-1.305 
	-1.166 
	-1.195 

	Total Imports of Goods & Services) 
	-1.576 
	-1.380 
	-1.111 
	-1.129 

	Trade Impacts (value)
	　
	　
	　
	　

	Total Exports 
	-1.395 
	-1.305 
	-1.166 
	-1.195 

	Total Imports 
	-1.576 
	-1.380 
	-1.111 
	-1.129 

	Trade balance ($mn)
	3,251
	1,248
	1,242
	1,081

	Terms of Trade 
	-0.339 
	-0.257 
	-0.082 
	-0.079 

	Factor Markets
	　
	　
	　
	　

	Capital Stock 
	-0.216 
	-0.103 
	-0.083 
	-0.100 

	Real wage of Unskilled labour 
	-0.224 
	-0.174 
	-0.156 
	-0.152 

	Real wage of skilled labour 
	-0.156 
	-0.120 
	-0.106 
	-0.107 


source: Calculations by authors

Table 3. Macro results of renegotiation NAFTA for Canada
	Canada
	(1)
	(2)
	(3)
	(4)

	Major aggregates
	% change
	% change
	% change
	% change

	Economic Welfare ($mn)
	-5,326
	-4,246
	-3,654
	-4,093

	GDP volume 
	-0.409 
	-0.258 
	-0.200 
	-0.235 

	GDP deflator 
	-0.169 
	-0.256 
	-0.208 
	-0.193 

	CPI 
	-0.057 
	-0.128 
	-0.043 
	-0.035 

	National Accounts Aggregates (quantity)
	　
	　
	　
	　

	Consumption  
	-0.334 
	-0.277 
	-0.260 
	-0.281 

	Government Expenditure 
	-0.034 
	0.046 
	0.059 
	0.035 

	Investment 
	-0.952 
	-0.798 
	-0.537 
	-0.562 

	Total Exports of Goods & Services) 
	-2.624 
	-2.334 
	-2.601 
	-2.659 

	Total Imports of Goods & Services) 
	-2.424 
	-2.381 
	-2.553 
	-2.570 

	Trade Impacts (value)
	　
	　
	　
	　

	Total Exports 
	-2.624 
	-2.334 
	-2.601 
	-2.659 

	Total Imports 
	-2.424 
	-2.381 
	-2.553 
	-2.570 

	Trade balance ($mn)
	-1,411
	301
	-125
	-211

	Terms of Trade 
	0.102 
	0.053 
	0.072 
	0.103 

	Factor Markets
	　
	　
	　
	　

	Capital Stock 
	-0.875 
	-0.427 
	-0.339 
	-0.406 

	Real wage of Unskilled labour 
	-0.780 
	-0.675 
	-0.684 
	-0.695 

	Real wage of skilled labour 
	-0.654 
	-0.571 
	-0.584 
	-0.603 


source: Calculations by authors

Table 4. Macro results of renegotiation NAFTA for Mexico
	
	(1)
	(2)
	(3)
	(4)

	Major aggregates
	% change
	% change
	% change
	% change

	Economic Welfare ($mn)
	-19,046
	-15,130
	-13,997
	-16,509

	GDP volume 
	-3.957 
	-1.622 
	-1.207 
	-1.421 

	GDP deflator 
	0.452 
	-0.098 
	-0.569 
	-0.453 

	CPI 
	0.503 
	0.209 
	-0.356 
	-0.271 

	National Accounts Aggregates (quantity)
	　
	　
	　
	　

	Consumption  
	-1.432 
	-1.338 
	-0.967 
	-1.128 

	Government Expenditure 
	-0.048 
	0.202 
	-0.291 
	-0.504 

	Investment 
	-7.501 
	-2.667 
	-2.933 
	-3.060 

	Total Exports of Goods & Services) 
	-5.377 
	-3.052 
	-4.649 
	-4.948 

	Total Imports of Goods & Services) 
	-7.378 
	-4.500 
	-5.765 
	-5.901 

	Trade Impacts (value)
	　
	　
	　
	　

	Total Exports 
	-5.377 
	-3.052 
	-4.649 
	-4.948 

	Total Imports 
	-7.378 
	-4.500 
	-5.765 
	-5.901 

	Trade balance ($mn)
	20,905
	11,976
	496
	38

	Terms of Trade 
	0.094 
	-0.279 
	-0.449 
	-0.350 

	Factor Markets
	　
	　
	　
	　

	Capital Stock 
	-4.690 
	-1.253 
	-1.679 
	-1.887 

	Real wage of Unskilled labour 
	-4.895 
	-2.877 
	-2.117 
	-2.039 

	Real wage of skilled labour 
	-3.651 
	-2.704 
	-1.692 
	-1.640 


source: Calculations by authors

To illustrate the difference of the dynamic path of the cumulative deviation of real GDP and investment in these four scenario, we pick Mexico because it is by far the most exposed economy to NAFTA lapsing. Figure 3 shows the deviation from the baseline of Mexico's real GDP. We can see that scenario (2)-(4) reach the similar results in the long run (2030), which are noticeably different from scenario (1). As we mentioned before, this is due to the reduction of growth rate of capital stock (KHAT) further dampen the investment when a country face an unfavourable shock. 

Scenario (4) shows a bigger drop in real GDP in the short-run because of the sticky-wage mechanism. When Mexico faces the decline in demand for export, the terms of trade and profit margins shrink. Producers tend to lay off their workers under the fix real wage in the short term (i.e., sticky-wage) scenario. With higher unemployment in the short-run, the economy shrinks more in scenario (4) compared to the other scenarios. 

Figure 3. Cumulative deviation from baseline of Mexico's real GDP (%) 

source: Simulation results by authors

Figure 4 shows the deviation of investment of Mexico from its baseline. The adjustable capital growth rate, KHAT, contributes more than half of the total reduction of investment. When we turn off this feedback loop to the investment function (scenario 2), we found it has similar impact with the simulation results using the USAGE-type investment function. 
Figure 4. Cumulative deviation from baseline of Mexico's Investment (%) 

source: Simulation results by authors

Figure 5 shows the labour market dynamics in the sticky-wage scenario (4). We see that in the short-run both unskilled and unskilled labour decline substantially. With the wage rates declining in the later years, employment gradually restores to its long-term base level.

Figure 5. Cumulative Deviation from baseline of Mexico's wages and employment (%)

source: Simulation results by authors

[bookmark: _GoBack]For sectoral results, the correlation of the value add (i.e.,qva) are high (over 0.8 as shown in Table 5). That means two models predict the similar winners and losers. However, the variance of sectoral results is significantly different between models. In general, the GDyn model has much bigger variance in terms of the % change of value add across 33 sectors in our study. The standard deviation of sectoral value add in Mexico in scenario (1) with GDyn is 16.96 (scenario (4) with GDynISM is only 4.31). The main reason behind this is capital mobility across sectors within regions in GDyn. As we mentioned, there is no sector-specific capital and investment in GDyn. It assumes that the capital are mobile within regions even in the short run. However, this may significantly overestimate some sectoral impact. For example, the NAFTA lapse leads to a significant tariff reversion on pork and poultry in Mexico, which will benefit domestic producers. This impact is captured by both models (see Table A5 and A6 in Appendix). But the GDyn model suggests almost 100% jump in sector output and value added, while GDynISM model only has 16% expansion. If we decompose the effect from the supply side, we find that capital and two types of labour in this sector almost doubles in this sector as shown in Table 6. This implies that the expansion of this sector is facing very little constraints, two main input, capital and labour can draw from other part of the economy freely. However, we should re-examine the validity of such assumption. Otherwise, GDyn tend to over- (under-) estimate sectoral impacts when the sector facing favourable (unfavourable) shocks. 

Table 5. Statistics of % change of Value add (qva) from two scenario
	
	Canada
	USA
	Mexico

	
	(1) GDyn 
	(4) GDynISM 
	(1) GDyn 
	(4) GDynISM 
	(1) GDyn 
	(4) GDynISM 

	Mean
	-0.503 
	-0.320 
	-0.305 
	-0.199 
	0.497 
	-0.732 

	Maximum
	3.82 
	0.72 
	0.71 
	0.34 
	92.36 
	16.19 

	Minimum
	-3.06 
	-2.64 
	-5.40 
	-2.00 
	-16.00 
	-10.70 

	Standard Deviation
	1.17 
	0.86 
	1.01 
	0.45 
	16.96 
	4.31 

	Correlation
	
	0.80 
	
	0.87 
	
	0.84 


source: Calculations by authors

Table 6. Value-add decomposition of Mexico's Pork and Poultry from two scenario
	% Change
	(1) GDyn
	(4) GDynISM

	Land
	26.8 
	5.1 

	Unskilled Labour
	99.7 
	18.3 

	Skilled Labour
	96.8 
	17.8 

	Capital 
	91.0 
	15.7 

	Natural Resource
	0.1 
	0.0 

	Value Add
	92.4 
	16.2 


				source: Calculations by authors

5. Conclusions
This paper's main contribution is to develop a dynamic GTAP model with USAGE-type investment function, incorporate the sticky-wage mechanism to the labour market, and construct the data for the sector-specific capital stocks and investments in each region. By comparing the results of two models, we found that the investment mechanism in the GDyn model generally has higher investment sensitivity than USAGE-type investment function. Especially, the growth rate of capital stock (KHAT) is affected by the current rate of return on capital and its change will in turn change the investment rate dramatically. 

The assumption of mobility of capital within regions in GDyn may lead to some sectors overly react to policy shocks. The solution can be disaggregating the regional investment related dataset into sector-specific and adopt a sector-specific investment function. By doing this, the capital stock in short-run becomes sluggish so that the sector expansion is constrained by the growth of capital. Lastly, adding the sticky-wage mechanism to the labour market will bring in more realistic dynamic paths of employment and wage to the simulation results.

In this study, we only test the results based on the static expectation in the USAGE-type investment function. Examining the rational expectation may be one of our future study. 
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6. Appendix

Figure A1. Derivation of the equations in Figure 2
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Table A1. Sectoral results of Canada for scenario (1) GDyn (Fixed Labour)
	[bookmark: RANGE!B2]　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	2
	-2
	2
	0
	-0.02 
	0.001 
	-1.438 
	-1.310 
	-1.368 

	Wheat and Cereals
	-105
	18
	-12
	-87
	-0.34 
	0.404 
	0.138 
	0.141 
	0.107 

	Fruit and Vegetables
	118
	-343
	-195
	-225
	-1.79 
	0.239 
	-1.191 
	-1.252 
	-1.285 

	Oilseeds and Vegetable Oils
	-33
	-371
	-125
	-404
	-1.20 
	0.421 
	-0.895 
	-0.815 
	-0.881 

	Sugar
	-8
	-14
	-8
	-22
	-0.60 
	0.038 
	-1.042 
	-0.881 
	-0.962 

	Other Agriculture
	214
	-661
	-166
	-447
	-1.51 
	0.366 
	-1.060 
	-1.110 
	-1.143 

	Dairy
	-163
	16
	-8
	-147
	-0.35 
	0.381 
	-0.108 
	0.127 
	0.038 

	Forestry
	-75
	40
	-5
	-35
	-0.11 
	0.564 
	0.143 
	0.247 
	0.221 

	Fishing
	-57
	-27
	-42
	-85
	-0.90 
	0.193 
	-0.093 
	-0.174 
	-0.200 

	Fossil Fuels
	277
	-5,761
	-3,884
	-5,484
	-0.89 
	11.326 
	-0.191 
	-0.246 
	-0.283 

	Mineral Products
	-475
	22
	-321
	-453
	-0.53 
	1.218 
	-0.236 
	0.103 
	0.003 

	Beef
	815
	-756
	-828
	59
	0.16 
	0.324 
	0.216 
	0.626 
	0.483 

	Pork and Poultry
	284
	541
	-31
	825
	3.57 
	0.182 
	3.820 
	4.074 
	3.927 

	Food Products
	735
	-1,339
	-1,293
	-604
	-0.73 
	0.886 
	-0.850 
	-0.348 
	-0.489 

	Beverages and Tobacco
	-20
	-42
	-223
	-62
	-0.19 
	0.524 
	-0.045 
	0.586 
	0.443 

	Textiles and Apparel
	169
	-775
	-678
	-606
	-2.61 
	0.332 
	-2.535 
	-2.154 
	-2.310 

	Leather Products
	-1
	-38
	-37
	-39
	-2.75 
	0.019 
	-2.730 
	-2.406 
	-2.562 

	Wood Products
	-168
	-303
	-846
	-471
	-0.28 
	2.070 
	-0.042 
	0.400 
	0.239 

	Chemicals, Rubber, Plastics
	603
	-6,142
	-3,343
	-5,539
	-3.10 
	1.792 
	-3.060 
	-2.513 
	-2.669 

	Metal Products
	-712
	-1,482
	-1,161
	-2,195
	-1.29 
	1.654 
	-1.099 
	-0.678 
	-0.837 

	Automotive
	2,392
	-3,344
	-4,802
	-952
	-0.80 
	1.006 
	-1.543 
	-0.998 
	-1.156 

	Transport Equipment
	167
	-202
	-365
	-35
	-0.12 
	0.414 
	-0.082 
	0.432 
	0.271 

	Electronic Equipment
	81
	7
	-456
	87
	0.37 
	0.281 
	0.597 
	0.895 
	0.734 

	Machinery and Equipment
	-22
	-1,334
	-1,460
	-1,356
	-1.53 
	1.212 
	-1.322 
	-0.942 
	-1.100 

	Other Manufacturing
	-609
	-139
	-290
	-747
	-0.60 
	2.350 
	-0.373 
	0.328 
	0.168 

	Other Services
	-5,019
	70
	-595
	-4,949
	-0.38 
	28.714 
	0.019 
	0.438 
	0.277 

	Construction
	-5,178
	9
	-12
	-5,169
	-1.21 
	6.350 
	-0.838 
	-0.596 
	-0.772 

	Trade
	-4,210
	66
	-113
	-4,144
	-0.63 
	13.267 
	-0.223 
	0.209 
	-0.004 

	Transportation Services
	-960
	192
	-310
	-768
	-0.41 
	2.216 
	-0.006 
	0.533 
	0.319 

	Communications
	-706
	-80
	-47
	-786
	-0.58 
	2.831 
	-0.251 
	0.278 
	0.118 

	Financial Services
	-1,130
	70
	-411
	-1,060
	-0.35 
	5.654 
	0.041 
	0.493 
	0.333 

	Business Services
	-3,654
	-1,993
	-404
	-5,647
	-1.03 
	10.864 
	-0.639 
	-0.200 
	-0.359 

	Recreation
	-42
	58
	-249
	16
	0.02 
	1.909 
	0.318 
	1.481 
	1.194 


source: Calculations by authors






Table A2. Sectoral results of Canada for scenario (4) GDynISM (Sticky-Wage)
	　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	3
	-1
	3
	1
	0.24 
	0.001 
	-1.373 
	-1.404 
	-1.447 

	Wheat and Cereals
	-48
	15
	-6
	-33
	-0.16 
	100.419 
	0.197 
	0.238 
	0.214 

	Fruit and Vegetables
	103
	-118
	-131
	-15
	-0.16 
	0.230 
	0.161 
	0.206 
	0.181 

	Oilseeds and Vegetable Oils
	33
	-158
	-91
	-125
	-0.42 
	0.453 
	-0.157 
	-0.108 
	-0.155 

	Sugar
	2
	-9
	-2
	-7
	-0.26 
	0.033 
	-0.817 
	-0.813 
	-0.872 

	Other Agriculture
	150
	-355
	-131
	-205
	-0.83 
	0.408 
	-0.510 
	-0.513 
	-0.537 

	Dairy
	-80
	15
	-6
	-65
	-0.21 
	0.342 
	-0.012 
	0.153 
	0.089 

	Forestry
	92
	16
	-1
	108
	0.27 
	1.133 
	0.141 
	0.331 
	0.312 

	Fishing
	-16
	-5
	-33
	-20
	-0.20 
	0.326 
	0.016 
	0.113 
	0.095 

	Fossil Fuels
	881
	-4,284
	-3,126
	-3,403
	-0.66 
	12.482 
	-0.082 
	-0.115 
	-0.142 

	Mineral Products
	-234
	56
	-234
	-178
	-0.25 
	1.095 
	0.039 
	0.222 
	0.149 

	Beef
	670
	-459
	-620
	211
	0.76 
	0.293 
	0.695 
	1.188 
	1.084 

	Pork and Poultry
	85
	9
	-56
	94
	0.53 
	0.178 
	0.704 
	0.891 
	0.787 

	Food Products
	776
	-900
	-1,085
	-124
	-0.20 
	0.736 
	-0.434 
	-0.143 
	-0.246 

	Beverages and Tobacco
	9
	-29
	-166
	-20
	-0.08 
	0.453 
	0.055 
	0.511 
	0.408 

	Textiles and Apparel
	244
	-586
	-589
	-343
	-1.83 
	0.333 
	-1.736 
	-1.695 
	-1.809 

	Leather Products
	9
	-46
	-42
	-37
	-2.67 
	0.023 
	-2.635 
	-2.700 
	-2.813 

	Wood Products
	291
	-133
	-739
	157
	0.12 
	1.850 
	0.260 
	0.553 
	0.437 

	Chemicals, Rubber, Plastics
	1,079
	-4,592
	-2,795
	-3,514
	-2.32 
	1.606 
	-2.162 
	-2.579 
	-2.692 

	Metal Products
	-267
	-1,093
	-934
	-1,361
	-0.94 
	1.696 
	-0.733 
	-0.691 
	-0.806 

	Automotive
	1,943
	-4,143
	-4,081
	-2,200
	-1.96 
	1.070 
	-2.530 
	-2.908 
	-3.021 

	Transport Equipment
	157
	-67
	-231
	89
	0.36 
	0.416 
	0.385 
	0.767 
	0.651 

	Electronic Equipment
	63
	26
	-236
	89
	0.53 
	0.249 
	0.720 
	0.984 
	0.867 

	Machinery and Equipment
	242
	-653
	-988
	-411
	-0.63 
	1.084 
	-0.410 
	-0.291 
	-0.407 

	Other Manufacturing
	-260
	-46
	-259
	-306
	-0.30 
	2.064 
	-0.052 
	0.328 
	0.212 

	Other Services
	-2,872
	65
	-513
	-2,806
	-0.29 
	27.116 
	0.110 
	0.383 
	0.267 

	Construction
	-3,618
	5
	-10
	-3,613
	-0.88 
	8.307 
	-0.499 
	-0.415 
	-0.543 

	Trade
	-2,719
	61
	-95
	-2,658
	-0.52 
	13.465 
	-0.099 
	0.115 
	-0.040 

	Transportation Services
	-537
	160
	-216
	-376
	-0.25 
	2.038 
	0.099 
	0.421 
	0.265 

	Communications
	-400
	-32
	-36
	-432
	-0.43 
	2.590 
	-0.093 
	0.257 
	0.140 

	Financial Services
	-564
	90
	-304
	-474
	-0.21 
	5.250 
	0.183 
	0.485 
	0.369 

	Business Services
	-2,303
	-1,313
	-337
	-3,616
	-0.86 
	10.443 
	-0.431 
	-0.217 
	-0.333 

	Recreation
	70
	61
	-187
	131
	0.17 
	1.817 
	0.437 
	1.423 
	1.214 


source: Calculations by authors




Table A3. Sectoral results of USA for scenario (1) GDyn (Fixed Labour)
	　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	-24
	73
	-13
	48
	0.31 
	0.023 
	0.567 
	0.573 
	0.541 

	Wheat and Cereals
	-1,398
	391
	-72
	-1,006
	-0.54 
	0.446 
	-0.024 
	-0.115 
	-0.133 

	Fruit and Vegetables
	19
	-769
	-697
	-750
	-0.59 
	0.342 
	-0.032 
	-0.117 
	-0.135 

	Oilseeds and Vegetable Oils
	313
	133
	-535
	445
	0.36 
	0.223 
	0.707 
	0.690 
	0.654 

	Sugar
	-106
	-9
	-45
	-115
	-0.39 
	0.036 
	-0.085 
	-0.109 
	-0.153 

	Other Agriculture
	-5,289
	266
	-501
	-5,024
	-2.00 
	0.402 
	-1.385 
	-1.583 
	-1.601 

	Dairy
	-1,148
	-962
	-108
	-2,110
	-0.96 
	0.238 
	-0.617 
	-0.603 
	-0.650 

	Forestry
	-196
	-79
	-9
	-275
	-0.56 
	0.129 
	-0.118 
	-0.129 
	-0.142 

	Fishing
	-136
	-113
	-72
	-249
	-1.42 
	0.053 
	-0.271 
	-0.509 
	-0.523 

	Fossil Fuels
	-55
	-3,922
	-6,548
	-3,977
	-0.14 
	3.398 
	-0.006 
	0.038 
	0.018 

	Mineral Products
	-1,024
	-1,036
	-551
	-2,060
	-0.67 
	0.652 
	-0.365 
	-0.309 
	-0.363 

	Beef
	-1,536
	-1,609
	-622
	-3,145
	-1.67 
	0.202 
	-1.244 
	-1.170 
	-1.245 

	Pork and Poultry
	-1,013
	-8,407
	-160
	-9,420
	-5.87 
	0.170 
	-5.402 
	-5.341 
	-5.413 

	Food Products
	-1,200
	-3,655
	-1,874
	-4,855
	-0.81 
	0.986 
	-0.537 
	-0.419 
	-0.496 

	Beverages and Tobacco
	-621
	-534
	-176
	-1,155
	-0.49 
	0.397 
	-0.221 
	-0.065 
	-0.142 

	Textiles and Apparel
	1,132
	-3,261
	-3,485
	-2,129
	-0.58 
	0.527 
	-0.356 
	-0.274 
	-0.360 

	Leather Products
	70
	-136
	-283
	-66
	-0.38 
	0.029 
	-0.151 
	-0.057 
	-0.143 

	Wood Products
	-4,069
	-2,012
	-1,370
	-6,081
	-0.51 
	2.387 
	-0.204 
	-0.109 
	-0.194 

	Chemicals, Rubber, Plastics
	724
	-9,937
	-7,168
	-9,212
	-0.55 
	2.749 
	-0.330 
	-0.200 
	-0.286 

	Metal Products
	157
	-3,135
	-4,537
	-2,977
	-0.27 
	1.769 
	-0.021 
	0.063 
	-0.023 

	Automotive
	14,707
	-17,258
	-19,890
	-2,551
	-0.31 
	0.859 
	-0.323 
	-0.236 
	-0.321 

	Transport Equipment
	-191
	1,809
	-508
	1,618
	0.40 
	0.775 
	0.680 
	0.755 
	0.669 

	Electronic Equipment
	1,352
	-1,131
	-3,971
	221
	0.04 
	0.363 
	0.243 
	0.351 
	0.265 

	Machinery and Equipment
	190
	-9,444
	-7,573
	-9,254
	-0.59 
	3.362 
	-0.298 
	-0.212 
	-0.298 

	Other Manufacturing
	-1,985
	-277
	-1,220
	-2,262
	-0.27 
	1.586 
	-0.017 
	0.167 
	0.081 

	Other Services
	-33,276
	-207
	-324
	-33,483
	-0.32 
	33.111 
	0.010 
	0.153 
	0.066 

	Construction
	-13,856
	217
	-44
	-13,639
	-0.63 
	5.122 
	-0.294 
	-0.236 
	-0.331 

	Trade
	-17,774
	262
	-247
	-17,511
	-0.39 
	12.359 
	-0.052 
	0.070 
	-0.045 

	Transportation Services
	-5,038
	568
	-645
	-4,469
	-0.27 
	2.799 
	-0.032 
	0.091 
	-0.024 

	Communications
	-2,675
	85
	-160
	-2,590
	-0.29 
	2.330 
	0.016 
	0.185 
	0.099 

	Financial Services
	-11,659
	237
	-734
	-11,422
	-0.34 
	9.335 
	0.027 
	0.121 
	0.035 

	Business Services
	-9,853
	1,753
	-1,714
	-8,100
	-0.25 
	9.632 
	0.099 
	0.190 
	0.104 

	Recreation
	-6,453
	-251
	-97
	-6,704
	-0.33 
	3.210 
	-0.031 
	0.311 
	0.157 


source: Calculations by authors



Table A4. Sectoral results of USA for scenario (4) GDynISM (Sticky-Wage)
	　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	-7
	35
	-6
	28
	0.23 
	0.025 
	0.289 
	0.312 
	0.291 

	Wheat and Cereals
	-685
	-50
	-51
	-735
	-0.50 
	100.513 
	-0.185 
	-0.263 
	-0.275 

	Fruit and Vegetables
	504
	-369
	-835
	135
	0.14 
	0.365 
	0.337 
	0.330 
	0.318 

	Oilseeds and Vegetable Oils
	228
	-191
	-397
	37
	0.04 
	0.264 
	0.179 
	0.165 
	0.142 

	Sugar
	-78
	-7
	-20
	-86
	-0.43 
	0.034 
	-0.239 
	-0.288 
	-0.317 

	Other Agriculture
	-1,712
	233
	-334
	-1,479
	-0.72 
	0.502 
	-0.392 
	-0.495 
	-0.507 

	Dairy
	-584
	-788
	-97
	-1,372
	-0.88 
	0.206 
	-0.679 
	-0.787 
	-0.818 

	Forestry
	-24
	76
	-6
	52
	0.08 
	0.293 
	0.025 
	0.096 
	0.087 

	Fishing
	-73
	-16
	-43
	-89
	-0.50 
	0.085 
	-0.042 
	-0.112 
	-0.121 

	Fossil Fuels
	1,812
	-2,901
	-5,277
	-1,089
	-0.04 
	4.484 
	-0.017 
	-0.010 
	-0.023 

	Mineral Products
	-272
	-313
	-349
	-584
	-0.23 
	0.710 
	-0.102 
	-0.078 
	-0.114 

	Beef
	-192
	-1,366
	-526
	-1,558
	-1.16 
	0.186 
	-0.933 
	-1.030 
	-1.081 

	Pork and Poultry
	-283
	-2,343
	-100
	-2,626
	-2.26 
	0.165 
	-2.003 
	-2.126 
	-2.213 

	Food Products
	282
	-3,110
	-1,431
	-2,828
	-0.64 
	0.894 
	-0.544 
	-0.606 
	-0.657 

	Beverages and Tobacco
	-206
	-456
	-88
	-662
	-0.41 
	0.319 
	-0.294 
	-0.280 
	-0.331 

	Textiles and Apparel
	719
	-2,970
	-2,191
	-2,251
	-0.79 
	0.558 
	-0.696 
	-0.732 
	-0.789 

	Leather Products
	73
	-201
	-199
	-129
	-0.69 
	0.042 
	-0.610 
	-0.646 
	-0.703 

	Wood Products
	-1,437
	-873
	-671
	-2,310
	-0.24 
	2.590 
	-0.106 
	-0.073 
	-0.131 

	Chemicals, Rubber, Plastics
	1,341
	-6,788
	-4,513
	-5,447
	-0.39 
	2.835 
	-0.306 
	-0.326 
	-0.383 

	Metal Products
	541
	-1,738
	-2,338
	-1,197
	-0.14 
	1.949 
	-0.038 
	0.001 
	-0.056 

	Automotive
	8,118
	-11,785
	-10,683
	-3,667
	-0.54 
	0.961 
	-0.608 
	-0.610 
	-0.667 

	Transport Equipment
	23
	417
	-264
	440
	0.16 
	0.757 
	0.258 
	0.323 
	0.265 

	Electronic Equipment
	946
	-126
	-1,357
	820
	0.18 
	0.359 
	0.247 
	0.360 
	0.302 

	Machinery and Equipment
	1,674
	-2,105
	-4,330
	-431
	-0.04 
	3.401 
	0.081 
	0.137 
	0.079 

	Other Manufacturing
	-613
	-313
	-485
	-925
	-0.14 
	1.332 
	-0.044 
	0.030 
	-0.027 

	Other Services
	-9,816
	-214
	-112
	-10,030
	-0.14 
	29.911 
	0.007 
	0.093 
	0.036 

	Construction
	-6,227
	90
	-25
	-6,137
	-0.30 
	7.000 
	-0.134 
	-0.116 
	-0.179 

	Trade
	-6,400
	146
	-91
	-6,254
	-0.19 
	12.331 
	-0.036 
	0.026 
	-0.050 

	Transportation Services
	-2,005
	274
	-228
	-1,731
	-0.13 
	2.721 
	-0.049 
	0.000 
	-0.076 

	Communications
	-744
	36
	-61
	-708
	-0.12 
	2.003 
	0.012 
	0.121 
	0.063 

	Financial Services
	-3,940
	-15
	-308
	-3,955
	-0.16 
	9.264 
	0.009 
	0.063 
	0.006 

	Business Services
	-2,902
	873
	-937
	-2,029
	-0.08 
	10.023 
	0.075 
	0.134 
	0.077 

	Recreation
	-1,959
	-257
	-30
	-2,216
	-0.16 
	2.921 
	-0.033 
	0.181 
	0.079 


source: Calculations by authors




Table A5. Sectoral results of Mexico for scenario (1) GDyn (Fixed Labour)
	　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	-14
	-1
	-3
	-15
	-1.73 
	0.024 
	-1.288 
	0.504 
	-0.107 

	Wheat and Cereals
	418
	-4
	-300
	414
	7.53 
	0.246 
	3.011 
	5.595 
	5.233 

	Fruit and Vegetables
	1,522
	-473
	-588
	1,049
	3.57 
	1.438 
	-0.628 
	1.748 
	1.400 

	Oilseeds and Vegetable Oils
	61
	-61
	-158
	-1
	-0.01 
	0.025 
	-2.094 
	-0.531 
	-1.203 

	Sugar
	-130
	2
	-9
	-127
	-1.01 
	0.337 
	-0.747 
	1.955 
	1.102 

	Other Agriculture
	4,414
	-16
	-37
	4,398
	11.54 
	1.558 
	4.092 
	7.542 
	7.172 

	Dairy
	667
	-96
	-760
	570
	2.19 
	0.460 
	2.026 
	4.477 
	3.530 

	Forestry
	-258
	0
	-266
	-258
	-1.23 
	1.051 
	0.034 
	0.679 
	0.417 

	Fishing
	-641
	0
	-130
	-641
	-2.25 
	1.430 
	0.003 
	0.441 
	0.180 

	Fossil Fuels
	-1,167
	6
	-5,655
	-1,161
	-0.85 
	2.345 
	0.145 
	1.056 
	0.675 

	Mineral Products
	-11,967
	16
	-1,814
	-11,951
	-6.54 
	4.756 
	-4.915 
	-3.700 
	-4.680 

	Beef
	605
	-110
	-503
	496
	5.62 
	0.073 
	-0.299 
	3.211 
	1.728 

	Pork and Poultry
	5,340
	-3
	-4,067
	5,338
	103.23 
	0.023 
	92.358 
	99.683 
	96.776 

	Food Products
	1,503
	-1,472
	-1,435
	31
	0.04 
	1.235 
	-1.177 
	2.433 
	0.952 

	Beverages and Tobacco
	36
	-113
	-205
	-78
	-0.25 
	0.482 
	-0.977 
	2.423 
	0.945 

	Textiles and Apparel
	-589
	-4,843
	-2,247
	-5,433
	-15.82 
	0.602 
	-15.996 
	-12.950 
	-14.363 

	Leather Products
	-461
	-394
	36
	-855
	-7.21 
	0.185 
	-10.176 
	-6.853 
	-8.366 

	Wood Products
	-676
	1
	-2,211
	-675
	-1.60 
	0.400 
	-1.054 
	2.751 
	1.083 

	Chemicals, Rubber, Plastics
	-1,316
	-3,312
	-8,151
	-4,628
	-2.19 
	3.035 
	-1.894 
	1.826 
	0.173 

	Metal Products
	-7,983
	-1,588
	-5,455
	-9,571
	-3.02 
	4.786 
	-2.334 
	1.713 
	0.062 

	Automotive
	-6,264
	-34,029
	-12,004
	-40,293
	-11.05 
	4.830 
	-11.285 
	-7.431 
	-8.934 

	Transport Equipment
	-1,586
	104
	-650
	-1,482
	-3.61 
	0.874 
	-2.932 
	0.841 
	-0.796 

	Electronic Equipment
	-521
	-1,927
	-4,644
	-2,448
	-0.86 
	5.204 
	-0.352 
	3.962 
	2.274 

	Machinery and Equipment
	-974
	-3,416
	-19,059
	-4,391
	-2.87 
	3.288 
	-1.988 
	1.067 
	-0.574 

	Other Manufacturing
	-3,343
	-276
	-600
	-3,619
	-3.54 
	1.025 
	-2.999 
	0.794 
	-0.843 

	Other Services
	-6,402
	89
	-409
	-6,313
	-1.99 
	13.724 
	-0.555 
	3.115 
	1.441 

	Construction
	-52,434
	92
	-35
	-52,342
	-8.28 
	14.906 
	-7.396 
	-3.490 
	-5.229 

	Trade
	-16,499
	66
	-47
	-16,434
	-4.74 
	11.563 
	-4.144 
	1.857 
	-0.342 

	Transportation Services
	-7,061
	404
	-197
	-6,657
	-3.10 
	4.512 
	-2.428 
	3.429 
	1.195 

	Communications
	-1,468
	-10
	-28
	-1,479
	-2.78 
	1.482 
	-1.836 
	2.207 
	0.547 

	Financial Services
	-2,187
	396
	-267
	-1,791
	-2.15 
	2.434 
	-1.081 
	3.034 
	1.361 

	Business Services
	-9,851
	-293
	-102
	-10,144
	-4.30 
	7.744 
	-3.334 
	0.589 
	-1.043 

	Recreation
	-2,783
	184
	-93
	-2,600
	-2.28 
	3.925 
	-1.362 
	7.598 
	4.687 


source: Calculations by authors



Table A6. Sectoral results of Mexico for scenario (4) GDynISM (Sticky-Wage)
	　
	Domestic Shipments
	Total Exports
	Total Imports
	Total Shipments
	Total Shipments %
	Value-added share %
	Value-added %
	Unskilled Labour %
	Skilled Labour %

	Rice
	-4
	-1
	-1
	-5
	-0.66 
	0.027 
	-0.173 
	0.429 
	0.238 

	Wheat and Cereals
	693
	-31
	-479
	662
	6.52 
	100.501 
	4.841 
	6.057 
	5.943 

	Fruit and Vegetables
	139
	-802
	-164
	-663
	-3.03 
	1.220 
	-2.353 
	-1.966 
	-2.071 

	Oilseeds and Vegetable Oils
	87
	-55
	-123
	32
	0.55 
	0.026 
	-1.669 
	-1.093 
	-1.302 

	Sugar
	-82
	15
	-5
	-67
	-0.58 
	0.348 
	-0.058 
	0.836 
	0.571 

	Other Agriculture
	1,483
	-237
	-217
	1,247
	3.93 
	1.201 
	2.278 
	3.237 
	3.127 

	Dairy
	546
	-122
	-662
	424
	1.56 
	0.610 
	1.586 
	2.288 
	1.998 

	Forestry
	17
	-3
	-14
	15
	0.14 
	0.627 
	0.196 
	0.662 
	0.580 

	Fishing
	-62
	8
	-8
	-54
	-0.91 
	0.297 
	0.001 
	0.236 
	0.154 

	Fossil Fuels
	-395
	-1,613
	-2,310
	-2,008
	-0.67 
	6.015 
	0.018 
	0.423 
	0.305 

	Mineral Products
	-1,602
	-121
	-377
	-1,723
	-2.35 
	2.104 
	-1.475 
	-0.814 
	-1.130 

	Beef
	461
	-465
	-455
	-4
	-0.04 
	0.154 
	-3.936 
	-3.417 
	-3.855 

	Pork and Poultry
	2,280
	-68
	-1,918
	2,212
	17.43 
	0.153 
	16.185 
	18.306 
	17.761 

	Food Products
	1,315
	-1,330
	-1,510
	-15
	-0.02 
	2.041 
	-0.408 
	0.736 
	0.279 

	Beverages and Tobacco
	-40
	-38
	-212
	-77
	-0.28 
	0.644 
	-0.175 
	1.100 
	0.640 

	Textiles and Apparel
	102
	-3,145
	-1,603
	-3,043
	-10.87 
	0.612 
	-10.695 
	-11.170 
	-11.623 

	Leather Products
	-228
	-455
	-40
	-683
	-6.18 
	0.225 
	-8.090 
	-8.369 
	-8.836 

	Wood Products
	30
	21
	-654
	51
	0.11 
	0.858 
	0.549 
	1.513 
	0.995 

	Chemicals, Rubber, Plastics
	1,707
	-1,521
	-4,303
	186
	0.13 
	2.649 
	0.488 
	1.454 
	0.937 

	Metal Products
	-861
	-449
	-2,166
	-1,310
	-1.02 
	2.682 
	-0.235 
	0.613 
	0.100 

	Automotive
	-312
	-16,252
	-5,979
	-16,564
	-9.92 
	3.184 
	-9.585 
	-10.237 
	-10.695 

	Transport Equipment
	-236
	99
	-278
	-136
	-0.84 
	0.448 
	-0.025 
	0.779 
	0.265 

	Electronic Equipment
	97
	-170
	-921
	-74
	-0.09 
	2.130 
	0.500 
	1.853 
	1.334 

	Machinery and Equipment
	358
	-2,783
	-3,465
	-2,426
	-2.50 
	2.307 
	-1.729 
	-1.324 
	-1.827 

	Other Manufacturing
	-795
	-128
	-416
	-923
	-1.26 
	0.954 
	-0.724 
	0.415 
	-0.097 

	Other Services
	-7,994
	50
	-162
	-7,945
	-1.92 
	22.588 
	-0.682 
	0.510 
	-0.002 

	Construction
	-8,307
	47
	-7
	-8,260
	-3.79 
	6.733 
	-2.950 
	-1.593 
	-2.150 

	Trade
	-8,022
	50
	-76
	-7,972
	-2.65 
	13.960 
	-1.687 
	0.159 
	-0.517 

	Transportation Services
	-3,659
	413
	-173
	-3,246
	-1.66 
	5.693 
	-0.816 
	0.760 
	0.076 

	Communications
	-996
	1
	-29
	-996
	-1.79 
	2.057 
	-0.881 
	0.565 
	0.052 

	Financial Services
	-1,299
	201
	-162
	-1,098
	-1.45 
	2.867 
	-0.324 
	0.953 
	0.437 

	Business Services
	-4,045
	-139
	-66
	-4,184
	-2.29 
	7.872 
	-1.232 
	-0.046 
	-0.556 

	Recreation
	-2,624
	114
	-64
	-2,510
	-1.85 
	6.215 
	-0.910 
	2.568 
	1.657 


source: Calculations by authors

(1) Gdyn (Fixed L)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.31399900000000008	-0.61774200000000068	-0.96001300000000001	-1.3192299999999988	-1.68076	-2.0346599999999975	-2.3742599999999974	-2.6949800000000002	-2.9937800000000001	-3.26986	-3.5225599999999977	-3.751659999999998	-3.9574399999999987	(2) Gdyn (Fixed DKHAT)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.17964400000000014	-0.2549010000000001	-0.35634400000000033	-0.47422300000000001	-0.60192000000000057	-0.73482099999999995	-0.86955499999999997	-1.0035099999999988	-1.13469	-1.2625299999999988	-1.3866000000000001	-1.50658	-1.62249	(3) GTAPISM (Fixed L)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.14538999999999999	-0.22927500000000001	-0.32106700000000032	-0.41690700000000008	-0.514123	-0.61095699999999997	-0.70608000000000004	-0.79856599999999944	-0.8877119999999995	-0.97325899999999999	-1.05505	-1.13304	-1.2072599999999998	(4) GTAPISM (Sticky-W)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.84353999999999996	-0.79777600000000004	-0.79738399999999932	-0.8268480000000008	-0.87588299999999997	-0.93703599999999998	-1.005129999999999	-1.0765	-1.1487400000000001	-1.22024	-1.2899099999999988	-1.3570599999999999	-1.4213199999999988	
(1) Gdyn (Fixed L)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-2.5953399999999998	-3.5112399999999977	-4.3548899999999948	-5.0926600000000004	-5.7255799999999955	-6.2560500000000001	-6.6880499999999996	-7.0246399999999953	-7.26675	-7.4264099999999997	-7.512939999999996	-7.5346700000000002	-7.5009399999999955	(2) Gdyn (Fixed DKHAT)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.12839800000000001	-0.38856000000000041	-0.65100800000000081	-0.91490899999999997	-1.1743500000000011	-1.4237899999999988	-1.6586700000000001	-1.87571	-2.0708299999999977	-2.2453799999999999	-2.4013900000000001	-2.5409299999999999	-2.66675	(3) GTAPISM (Fixed L)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-1.7487199999999998	-2.0403099999999998	-2.2659099999999999	-2.4418199999999977	-2.5788199999999977	-2.6848000000000001	-2.7656299999999998	-2.8257300000000001	-2.8690799999999976	-2.8991099999999976	-2.918479999999998	-2.9290799999999977	-2.932509999999998	(4) GTAPISM (Sticky-W)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-2.91879	-2.9184399999999977	-2.9359399999999987	-2.9618399999999987	-2.990269999999998	-3.0171199999999998	-3.0398599999999969	-3.0568299999999979	-3.0680800000000001	-3.0736699999999977	-3.07395	-3.06915	-3.0596899999999976	
Real wage (Unskilled)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.4458470000000001	-0.77974700000000086	-1.0339499999999988	-1.2311199999999998	-1.38758	-1.5147899999999999	-1.62094	-1.7116699999999987	-1.7909899999999999	-1.86174	-1.92584	-1.9845600000000001	-2.0388099999999976	Real wage (Skilled)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-0.37171100000000001	-0.64346999999999999	-0.84606300000000001	-1.0007199999999998	-1.12226	-1.2208199999999998	-1.3032899999999998	-1.37436	-1.4372999999999987	-1.49424	-1.54654	-1.5950599999999999	-1.6403000000000001	Employment (Unskilled)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-2.2292299999999998	-1.67059	-1.2720400000000001	-0.98683900000000002	-0.78326299999999927	-0.63724899999999995	-0.53187300000000004	-0.45482200000000034	-0.39791800000000055	-0.35495500000000002	-0.32160900000000031	-0.29474	-0.27228000000000002	Employment (Skilled)	2017	2018	2019	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	0	-1.85856	-1.3587499999999999	-1.012929999999999	-0.77327900000000083	-0.60778399999999999	-0.49286100000000038	-0.41251300000000002	-0.35548800000000047	-0.31483300000000031	-0.284744	-0.26144800000000001	-0.24245700000000017	-0.226161	
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The value of investment in each sector can be inferred from the capital accumulation formula:
K, =K,(1-D)+1 (EL.1)
where

K, andK, are the values of the sector’s capital stock at the beginning and the end of the year, respectively;

D s the sector’s depreciation rate; and
1 is the value of investment in the sector during the year.
From (E1.1) we have:

I=K,(K_G+D) (E12)

K

where k is the growth rate of capital stock in the sector, K _G = ?1 -1.
0

If the values of K,, K _Gand D are known, / can be calculated directly from (E1.2).

While plausible official statistics are available for D, this is not the case for the opening and closing capital
stocks. Accordingly, we use available data on gross operating surplus (GOS) by sector and the return on
capital by sector to derive sector-specific investment.

The net rate of return on capital is given by:

roR=5% _p (E13)

0

where ROR is the net rate of return on the sector’s capital in the period; GOS is the gross operating
surplus (or capital rental) in the sector. From (E1.3), we have:

=05 (E1.4)
(ROR+ D)
From (E1.2) and (E1.3) we have:
;- K_G+D)GOS (EL5)

ROR+D

(end)
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