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Abstract
Can tariffs can be effective at raising domestic 
output and income? We introduce real-world 
factor supply elasticities to the standard Global 
Trade and Analysis Project (GTAP) and find that 
real GDP can grow by nearly 6% and domestic 
manufacturing by 18%. The increase in 
GDP leads to an increase in employment, with 2 
million new manufacturing jobs and average 
household income rises by 

JEL Codes
L0, C68, F13, F170,  F61

18%. The growth in our model is driven 
by growth in the manufacturing sector, 
although all major sectors of the economy 
grow. By allowing factors of production to 
respond to price changes-a key dynamic in 
the economy, we see double digit growth the 
manufacturing sector.
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This CPA Working Paper was updated September 21, 2022, to model a slightly different version of the CPA model tariff 
schedule, which resulted in slightly different values for reported indicators. 
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Background 

The logic of traditional trade models in response to a tariff has been to reduce imports, raise prices, and 
depress the domestic market by lowering production and consumption. These models often assume that 
the total supply of labor, investment and capital is fixed, limiting the ability of firms to increase domestic 
output. These assumptions are in many instances unrealistic. Tariffs, like other restrictions on imports, 
can have varying effects on production and consumption. A model should be flexible enough to reflect 
economy-wide changes in labor and capital.  

Studies by David Autor and many other economists have shown that increased imports into the U.S. can 
reduce employment and output in regions impacted by depressed business due to growing import 
penetration (Acemoglu et al, 2016). There is evidence of the converse too, where decreased imports lead 
to increased regional domestic output. For example, imposition of Section 232 tariffs on steel imports into 
the U.S. in 2018 led to increased domestic steel production, capacity utilization, and increased 
employment in the steel industry (USITC, 2022).  

Our modified GTAP model however allows higher prices and lower imports to stimulate local production. 
When imports are taxed they become less competitive in the domestic market, and in response domestic 
firms will raise their output as they raise their demand for factors of production, such as labor and capital. 
We introduce factor supply elasticities to allow factors of production to increase. With this modification, 
factors of production increase to enable the growth of output, consumption and real GDP in the economy. 
 

The CPA Model Tariff Schedule  

In this paper we model the CPA model Tariff schedule, outlined below. This model increases the tariffs 
on agriculture and primary products by 15 percentage points and manufactured goods by 35 percentage 
points from Non-Free Trade Agreement (NFTA) countries. For products that the United States cannot 
produce domestically, such as minerals, the CPA proposal calls for zero additional tariffs. This increase is 
intended to increase manufacturing production and employment. The legacy tariffs on U.S. imports 
remain. The model tariff schedule does not replace but instead increases selected tariffs. Table 1 below 
shows the percentage point increase in the tariff by sector and trading region. 

 

Table 1: Percent Increase in Tariff Rate 

Sector Type Includes 
Tariff Change 

FTA 
Tariff Change 

NFTA 

Agriculture Vegetables, Fruit, Oil, Dairy 0% 15% 

Primary Products Forestry, Fishing, Coal, Oil, Gas, Meat Products 0% 15% 

Exempt Products Minerals 0% 0% 

Manufacturing 
Twenty-one sectors including Chemical, Metal, 
Motor Vehicle, and Electrical goods manufacturing 

0% 35% 

Construction Construction and Utilities 0% 0% 

Services 
Sixteen sectors including restaurants, business, 
retail, and health care services 

0% 0% 
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The 20 countries categorized under the free trade agreement (FTA) region are Australia, Bahrain, Canada, 
Chile, Columbia, Costa Rica, Dominican Republic, El Salvador, Guatemala, Honduras, Israel, Jordan, 
Korea, Mexico, Morocco, Nicaragua, Oman, Panama, Peru, and Singapore.1  

 

Overall Results 

Table 2 provides a summary of the results from our model. The latest data available from GTAP is an 
estimation of the world in 2014. To make our results comparable to current data, we scale the results to 
2021 data. For reference, the section “Data Differences” discusses the differences between GTAP’s 
simulation data and real world reported statistics on the economy. 

 

Table 2: Main Results  

Indicator Actual, 2021 Post-Shock Change Change 
  Billions Billions % Billions 

Real GDP $22,996 $24,305 5.7% $1,309 
Private Consumption $15,742 $18,502 17.5% $2,761 
Gov Consumption $4,053 $4,766 17.6% $713 
Investment $4,120 $4,770 15.8% $650 
Total Tax Revenue $4,626 $5,483 18.5% $858 
Employment (Millions) 155.2 162.7 5.0 7.5 
Tariff Revenue $93 $649 600.6% $556 
Imports $3,397 $3,207 -5.6% -$189 
Exports $2,478 $2,148 -13.3% -$330 
         

Source: U.S. Bureau of Economic Analysis. Figures reported here scale 2014 simulated results to 2021 data. 

*All data in billions USD 

 

Our model finds that real GDP will grow by nearly 6% as a result of implementation of the new model 
tariff schedule. Real GDP increases from $23 trillion to $24.3 trillion. Gains in output and consumption 
drive the increase in real GDP in this simulation. As imports decline, output expands as domestic 
producers take advantage of the new opportunities for production and sales.  

Alongside higher output we observe that household income would increase by 18%. Importantly, our 
model finds that an increase in tariffs results in household incomes increasing twice as fast as any 
potential increase in the price index. The tariff causes continuing real gains in employment and output 
over the longer-term as growth in demand and consumption would continue to stimulate growth in 
domestic production. 

The new tariff schedule would increase tariff revenue by $556 billion. It also creates additional revenue in 
other taxes, such as higher tax receipts from output and consumption. In our simulation, total tax revenue 

 
1 https://ustr.gov/trade-agreements/free-trade-agreements 
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grows by 19%, a gain of $858 billion dollars when rebased to 2021 values. In our simulation, we return 
the revenue from the import tax to the public via subsidies to business and personal income.  

The overall trade balance declines by $141 billion, a small share of the $919 billion trade deficit. Imports 
fall by 6% or $189 billion while exports fall by more at 13% or $330 billion dollars. A larger fall in 
exports leads to a net loss in the trade account which would total $1,059 billion after the tariff 
implementation.  

A larger fall in exports than imports reflects a few dynamics in the model. First, a tax on imports will 
raise the price of imports and reduce the quantity. Second, more expensive imports will raise domestic 
input costs and the price of exported goods, thereby reducing export revenue. Third, the reduced quantity 
of imports will allow domestic producers to meet domestic demand, which includes diverting exports to 
meet domestic demand. Lastly, a fall in imports makes the U.S. exchange rate appreciate. A higher U.S. 
exchange rate will make U.S. goods relatively expensive on the global market and cause a fall in exports. 

 

Employment Changes  

To increase domestic production and meet the new domestic demand created by the policy 
implementation, 7.5 million new workers are needed.  There were roughly 13 million U.S. manufacturing 
jobs in June 2022. In the simulation, manufacturing jobs increase by 17%, which would represent an 
additional 2.1 million manufacturing jobs in 2022. Notable gains occur in the electrical, chemical, and 
apparel manufacturing industries. While manufacturing jobs comprise a small share of total jobs in the 
economy (8%), they make up nearly a third of all new jobs created. Along with the increase in jobs 
created, wages increase by an average of 10% across all sectors.  
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Table 3: Change in Employment and Wages by Sector 

 
Actual Number of 

Workers, 2022 

Post-Shock 
Change in 
Workers 

% Change in 
Workers 

% Change in 
Wage 

  (Thousands) (Thousands)     

     
Manufacturing 12,794 2,110 16.5 9.8 

Pharmaceutical 347 79 22.7 9.4 

Beverages 358 24 6.8 9.5 

Chemical Products 553 108 19.6 9.8 

Computer/Electronics 1,083 399 36.8 10.2 
Electrical Equip. 409 30 7.2 9.9 
Ferrous Metals 188 48 25.5 9.9 
Food Products 1,699 103 6.1 9.2 
Machinery 1,094 213 19.4 10.1 
Other Mfg 1,021 321 31.5 9.9 
Metal Products 1,436 250 17.4 10.0 
Non-Ferrous Metals 173 13 7.5 9.7 
Mineral Products 412 68 16.5 9.6 
Motor Vehicles 991 78 7.9 10.1 
Paper Products 737 29 4.0 9.6 
Petroleum/Coal 108 16 14.5 7.5 
Rubber & Plastic 754 116 15.4 9.9 
Textiles 206 71 34.7 10.2 
Other Transportation Mfg 697 57 8.1 10.3 
Apparel 96 44 45.8 10.4 
Wood Products 432 43 10.0 9.9 

     
Construction 7,668 373 4.9 9.6 
Exempt Products 405 13 3.2 10.3 
Primary Products 223 -1 -0.7 8.2 
Services 130,813 5,033 3.8 9.5 

     
Total 151,903 7,527 5.0 9.6 

 

Source: U.S. Bureau of Labor Statistics, December 2021 figures; CPA calculations 

 

With unemployment at record lows in 2022, the ability to find 7.5 million additional workers is an 
important question. However, this new policy regime would create some confidence that demand growth 
in manufacturing sectors would be persistent. New workers will join the growth industries from low-wage 
sectors such as retail, or from Americans who have dropped out of the labor force or from immigration.  
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Output Changes 

Table 4 shows the level of output by industry before and after the policy implementation. With the new 
tariff policy, total output grew 8%, using 2014 data. Most of this gain (56%) occurs in the manufacturing 
sector. Overall manufacturing output grew 18%, with largest gains in the electrical, chemical, and apparel 
industries. While tariffs stimulate domestic production and raise output, they also increase the output of 
services as the demand for services increases as the economy expands. Table 4 shows how the services 
industry also expands as a result of a tariff, by 4% in our model. 

 

Table 4: Changes in Output by Sector 

 Output, 2014* Post-Shock Values % Change in Output 
  (Millions $) (Millions $)   
    
Manufacturing $5,204 $6,137 17.9 

Pharmaceutical $121 $150 24.1 

Beverages $118 $127 7.8 

Chemical Products $404 $487 20.6 

Computer/Electronics $524 $720 37.4 
Electrical Equip. $203 $219 7.8 
Ferrous Metals $157 $197 26.1 
Food Products $290 $310 6.8 
Machinery $586 $703 20.0 
Other Mfg $199 $262 32.0 
Metal Products $319 $376 17.8 
Non-Ferrous Metals $116 $126 8.1 
Mineral Products $130 $152 17.1 
Motor Vehicles $508 $550 8.4 
Paper Products $300 $313 4.6 
Petroleum/Coal $306 $354 15.6 
Rubber & Plastic $238 $276 16.0 
Textiles $129 $174 35.4 
Other Transportation Mfg $215 $233 8.5 
Apparel $81 $118 46.3 
Wood Products $263 $291 10.4     

Construction $2,301 $2,426 5.5 
Exempt Products $36 $37 3.1 
Primary Products $324 $324 0.1 
Services $13,564 $14,159 4.4 

    
Total $21,428 $23,084 7.7 

  

*2014 GTAP database 
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Model/Contribution 

1. Factor Supply Elasticities 

The standard GTAP model does not allow for trade restrictions like tariffs to lead to increased domestic 
output. The logic of the model in the event of a tariff is higher consumer and producer prices, lower 
consumption, lower output and overall, a falling GDP. These outcomes are driven by the limitation that 
the total supply of all important factors of production are fixed.  Imposition of a tariff would therefore 
reduce output by raising costs and prices. As discussed above, tariffs can stimulate domestic output, 
therefore we build in supply factor elasticities into the output equation to allow firms to increase their use 
of input factors such as land, capital and workers. We have looked to the literature to pick reasonable 
estimates for these elasticities, shown in table 5 below. The first two columns refer to the factor supply 
elasticities in those regions. The final column shows the elasticities for the U.S. economy. 

 

Table 5: Factor Supply Elasticities 

  FTA Non-NFTA USA 
1 Land 0.36 0.42 0.12 
2 UnSkLab 0.65 0.65 0.75 
3 SkLab 0.4 0.4 0.5 
4 Capital 0.8 0.7 0.9 
5 NatRes 0.845 0.845 0.745 

 

Land has a relatively low elasticity for several reasons. Land is expensive, requires legal processes to 
acquire and put to productive use, and land use does not change as frequently as other inputs. We use an 
elasticity of 0.12 for land in the U.S. as calculated by Gurgel, Reilly and Paltsev in their 2008 MIT report 
on land use (Gurgel  et al, 2008). We also use elasticities for Non-FTA and FTA regions based on this 
study. The higher supply elasticity in the Non-FTA region is likely due to the relative price difference in 
land and institutional processes required to purchase land.  

Labor supply elasticities are critical for determining economic output. While GTAP differentiates 
between skilled and unskilled labor, empirical studies on labor supply elasticities do not regularly make 
this distinction. In fact choosing a labor elasticity for the U.S. was not straightforward.  Estimates of labor 
supply elasticities vary greatly from less than zero up to 3 percent (Peterman, 2012). The difference in the 
elasticity measurement depends on the sample estimated, the period studied, male vs female workers, 
micro vs aggregate data, and type of elasticity-such as intensive (share) vs extensive (entry) margin of the 
labor force. The biggest differences in estimates emerge from macro and micro econometric models, 
which use individual or aggregate level data, respectively. Based on the discussion in the literature, we 
adopt a rate of 0.75 for the U.S. unskilled labor force to calibrate our macro model (Chetty et al, 2011). 
We then assume that skilled labor will likely have a smaller elasticity of 0.5, given the smaller population 
and relatively difficult cost/time of adding a skilled worker. We also assume that the labor elasticities in 
other countries are slightly less elastic than the U.S. based on studies in the literature on foreign labor 
supply elasticity (Bargain, 2011) (Jäntti et al, 2015). 

We assume that capital is not fully elastic but substantially more responsive to price changes than the 
other factors. We assume that capital is more elastic in the U.S. than in other countries due to large U.S. 
capital markets. We settled on an elasticity of 0.9 for capital in the U.S. market. 
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To obtain a supply elasticity for natural resources, we took an average of the reported elasticities in 
studies on natural gas, oil, copper, nickel, cobalt, and lithium. These elasticities were notably larger for all 
resources outside the U.S., given environmental restrictions in the U.S.  

In our model, we applied labor supply elasticities for the entire U.S. labor force. It would be preferable to 
have labor elasticities by industry. In that scenario, we suspect that labor would be attracted to higher-
wage industries, i.e. those industries would have higher elasticities than low-wage industries. To the 
extent that rising wages limited output growth, this would be counterbalanced by higher real incomes for 
those workers. We would like to add these features in future model modifications. 

 

2. Armington Elasticities 

The GTAP model assumes a competitive market where prices and quantities move quickly in response to 
a policy shock. Our initial results found that exports and imports would each fall by over 20%. The model 
assumes export prices are strongly influenced by domestic prices. As U.S. export prices rise, the U.S. 
quickly loses market share in global markets and export values decline. However, U.S. export markets are 
less competitive, i.e. less price-sensitive, than other nations’ exports because U.S. exports tend to be 
highly specialized in sectors where the U.S. has a dominant position (aerospace, software, etc.)  We 
therefore reduce the Armington elasticities in the non-U.S. regions and raise U.S. elasticities to reduce the 
fall in imports and exports to about a half of what the standard model predicts. 

 

3. Re-Investing Tariff Revenue 

The last modification to our model is to reinvest or recycle the gain in tax revenue from the tariff to 
consumers and producers. This modification is important because it helps maintain the neutrality of the 
federal budget in our simulation by turning the new revenue into increases in income for households and 
businesses.  

 

Data Differences 

To enable readers to compare our estimates to current economic indicators for the U.S. economy, we have 
rebased the GTAP data to 2021 values. The latest GTAP database uses global data from 2014. However, 
there are substantial differences between GTAP data for the U.S. economy and the actual 2014 values 
reported by the U.S. Bureau of Economic Analysis (BEA).  For instance, U.S. GDP is $5.3 trillion larger 
according to the BEA than in the GTAP database. The difference is largely due to differences in private 
consumption ($3.5 trillion) and government consumption ($1.3 trillion), shown in table 6 shows. In 
rebasing our results, we have made them comparable with the BEA figures for 2021.  
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Table 6: Difference between GTAP and BEA data 

Indicator 
(Billions of USD) Baseline Level, 2014 BEA, 2014 Difference 
GDP 12,274.9 17,550.7 5,275.8 
Private Consumption 8,306.9 11,847.7 3,540.8 
Gov Consumption 1,879.6 3,168.8 1,289.2 
Investment 2,716.6 3,044.2 327.6 
Total Tax Revenue 3,386.7 3,442.0 55.2 
Tariff Revenue 25.3 37.6 12.3 
Imports 1,668.8 2,887.4 1,218.6 
Exports 1,040.6 2,377.4 1,336.8 

 

Differences between simulation and real-world data is not uncommon, often because of the 
logic/assumptions of the economy in the model differs from the calculation by government agencies. 
Additionally, the sources of data for GTAP and others are agencies such as the World Bank to get a 
common indicator across countries. 

 

Conclusions 

In modifying the standard GTAP model, we had two aims: first, to show that the model can be modified 
to reflect a more flexible U.S. economy, where domestic output, factor inputs, and economic growth can 
respond to changes in demand; second, we wanted to explore the effects of an import-restricting policy 
shock on the domestic economy.  

GTAP was designed to show the economic effects of price changes of imports and exports on the world’s 
domestic economies. The model generally assumes that each economy is operating at its maximum 
productive capacity given its resources and global prices. This structure means that exogenous or policy-
induced reductions in import prices tend to increase domestic output by increasing import volumes and 
freeing up resources to be transferred into other productive uses. However, if an import shock can make 
resources unemployed, then an increase in import volumes can either increase or decrease domestic 
output, depending on the size of the price effects versus the direct effect on demand. We found it 
relatively easy to modify the model in this way, mainly through altering the factor supply elasticities for 
the five key input factors.  

By applying a policy shock involving broad-based import-restricting tariffs, we found that the modified 
model shows a significant increase in domestic output, incomes, wages, and aggregate employment. It 
also showed a shift into those industries that are more heavily tariffed, in particular those in the 
manufacturing sector. The ability for the economy to actually deliver this result would depend on the 
accuracy of the elasticities we built into the model, as well as other relationships, such as the production 
functions that are specific to each industry.  
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