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Abstract 

  One of the notable features of the Great Depression is the sharp drop in trade to 
GDP ratio from 1929-34. The goal of my research was to use a gravity equation to 
investigate the causes of the great trade collapse and subsequent recovery that occurred 
during the Great Depression. This project required constructing a data set of trade flows 
between the US and 45 foreign countries for the period between 1921 and 1940.  I am 
estimating a gravity equation model that incudes variables to reflect US and foreign 
economic activity and trade frictions. A major point of emphasis is the contributions of 
changes in US tariffs and the subsequent bilateral trade agreements under the Reciprocal 
Trade Agreements Act to the change in trade flows. Holding everything else constant, the 
signing of reciprocal trade agreements increased the US exports by 0.21%. Moreover, 
holding everything else constant, increase in the US tariffs by 1% decreased the US 
imports by 0.044%.  
  Additionally, we used the parameter values from the data to calibrate a model 
that matched the gravity equation. This exercise allowed us to compare the level of the 
tariff in 1924 with the optimal tariff, and it let us calculate the effect of the elimination of 
all tariffs (both US and foreign). The comparison with free trade provided an estimate of 
the cost of the trade war on welfare of the US. It was found that the US welfare decreased 
by 0.24% as a result of the trade war. 
 

 

1 Introduction 

 During the 1930s the US experienced both trade collapse and partial recovery. This can be 

seen clearly in the Trade/GDP graph below. In this paper, we are trying to test the extent to which 

trade collapse and subsequent recovery in the 1930s should be attributed to changes in tariff levels.  



 
 

 
 

Figure 1 

Figure 2 

 The Smoot-Hawley tariff of 1930 raised US duties on hundreds of imported goods to record 

levels, and thus it became America's most infamous trade law. The tariff started as a way to help 

farmers by increasing duties on agricultural imports and then it "quickly grew into a logrolling, pork 

barrel free-for-all in which duties were increased all around, regardless of the interests of consumers 

and exporters" (Irwin, 2011). As a result, US imports fell sharply and other countries retaliated by 

increasing tariffs on US goods, leading US exports to decrease as well. Thus, to promote economic 

recovery by reducing foreign tariffs on US exports, the Congress passed the Reciprocal Trade 

Agreement Act in 1934. This act granted the President the authority to reach tariff reduction 

agreements with foreign countries and also helped the US to moderate the tariff code to its liking. 
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 The goal of our research is to use the gravity equation to investigate what factors were 

primarily responsible for the great trade collapse and the subsequent recovery that occurred during the 

Great Depression. This model can be used to test for the impact of reciprocal trade agreements on the 

volume of trade with trading partners. While we used the gravity equation as a base, we believed that 

there were a number of other economic forces that shaped the volume of trade in the global market: 

distance between the US and other countries; US tariff rate; foreign tariff rate; percent free, a country 

specific variable that captures differences in tariff rates imposed by the US on foreign goods; having a 

common language; "4-month Prime Commercial Paper Rates" that incorporate the effects of the 

financial situation in the US; and "RTAA" that takes into account whether or not the two countries 

signed the reciprocal trade agreement. We then collected data for 45 countries that the US traded 

with. These 45 countries constitute a majority of US trade; for example, in 1921 these countries 

represented almost 85% of total exports and almost 70% of total imports.  

 Using these data we separately ran the regression of US exports and imports on all the 

variables listed above and were able to make several conclusions: foreign tariff rates had a negative 

effect on US exports, while US tariff rate had a negative effect on US imports and distance had a 

negative effect on trade whereas variables like foreign GDP, sharing a common border, and signing of 

reciprocal trade agreements had a positive impact on trade.  

 We also used the constant elasticity of substitution utility function as a base to find whether or 

not tariffs set by the US and foreign countries were optimal.  

 

2 Historical Background  

 From 1870 to 1913 the classical gold standard linked many of the world's economies through a 

system of de facto pegged exchange rates. This gold standard was characterized by free flow of gold 

between countries - fixed values of national currencies were maintained in terms of gold and therefore 



 
 

 
 

each other. In their paper, Lopez-Cordova and Meissner (2003) concluded that 20 percent of the 

growth in world trade between 1880 and 1910 was due to the stability provided by the exchange rate 

regime. This system, however, was disrupted by World War I and was resumed only in the mid-to-

late 1920s due to postwar economic and monetary dislocations. The resumed gold standard was 

reconstructed as a gold-exchange standard, as it provided for expanded use of foreign exchange - 

mainly sterling and dollars - to back the monetary circulation (Eichengreen, Irwin). Thus, with some 

exceptions, governments largely resurrected the prewar pattern of exchange rates despite the fact that 

relative financial strength and competitive positions had changed irrevocably as a result of the war. 

Old gold parities were restored without lowering price levels back down to prewar levels, which led 

to a lower ratio of the value of gold to nominal transactions. The deflationary bias of the asymmetry 

in required adjustments was magnified by statutory fractional reserve requirements imposed on many 

central banks after the War. Most countries required that minimum gold holdings equal a fixed 

fraction of central bank liabilities – usually close to the Federal Reserve's 40% (Bernanke, James). 

This meant that a large portion of central bank gold holdings were immobilized by the reserve 

requirements and could not be used to settle temporary payment imbalances. Moreover, with 

fractional reserves, the relationship between gold outflow and the reduction in the money supply was 

not one-for-one. For example, with a 40% reserve requirement the impact on the money supply of a 

gold outflow was 2.5 times the external loss. Therefore, the loss of gold could lead to an immediate 

and sharp deflationary impact. 

 Figure 2 above depicts the US GDP decline from 1929 to 1934. This was because in the late 

1920s, the Federal Reserve believed there was a speculative bubble in equity values. Thus, to "pop" 

the bubble, the Fed embarked on a highly contractionary monetary policy in January of 1928. 

Hamilton (1987) documents that, as a result, the U.S. price level fell about 4% over the course of 

1929. A business cycle peak was reached in the United States in August 1929, and the stock market 



 
 

 
 

crashed in October. The initial contraction in the United States was largely a self-inflicted wound as 

no binding external constraint forced the United States to deflate in 1929. However, as argued by 

Temin (1989), as central banks remained committed to the gold standard, the destabilization caused 

by these policy measures could not be prevented. The resulting competitive deflation prevented 

individual banks from attempting to reflate, which caused immediate gold outflows and a subsequent 

deflation, an issue faced even by countries with large gold reserves such as the United States.   

 The Smoot-Hawley tariff - that started in 1928 as an election-year plan by Republicans to 

appease farmers, who were suffering through years of low commodity prices - was signed by 

President Hoover in June of 1930 and set specific rates for more than 3,300 tariffs (Irwin, 2011). 

Because many of the tariffs were imposed on a per item basis, as prices fell due to the ongoing 

deflation of import prices, the percentage rate of the tariff rose even further. To be more specific, 

according to Irwin, the deflationary effects ended up being twice as large as the actual rate changes 

and resulted in an increase in the average effective tariff rate from 40 percent in 1929 to a peak of 59 

percent in 1932 (Irwin, 2011). This sharp increase in tariff rates imposed on imported goods triggered 

a trade war and a sharp rise in tariffs worldwide. Rapid increases in tariffs at the beginning of the 

1930's caused trade between the US and other countries to decrease sharply.  

 This decrease in trade between the US and other countries resulted in the Reciprocal Trade 

Agreement Act. This Act was passed by US Congress in 1934 and gave the President the power to 

negotiate trade agreements with other countries. The US Congress passed the Reciprocal Trade 

Agreement Act instead of decreasing tariffs unilaterally. The latter would have created an excess 

supply of the US exportable and an excess demand for the US importable. An excess demand would 

have led to a deterioration of the US' terms of trade and a fall in its real income. In contrast, reciprocal 

agreements have a negligible impact on the terms of trade of all trading partners, so all countries gain 

proportionally from the size of the deadweight losses associated with trade barriers. For example, in 



 
 

 
 

the case of symmetric trading partners one country’s excess supply of exportables satisfies another 

country’s excess demand for importables. A reciprocal trade agreement would leave the terms of trade 

of all countries unchanged (Kouparitsas). Thus, signing of the reciprocal trade agreements was 

preferred over the unilateral decrease of tariffs. As a result of the Reciprocal Trade Agreement Act 

bilateral trade agreements were signed between the US and a number of other countries. Figure 3, 

below, shows how average tariffs changed between 1921 and 1940, but that is a result of a 

combination of factors like signing of the reciprocal trade agreements and change in import prices. 

Import prices rose eleven percent between 1934 and 1939 and reduced the ad valorem equivalent of 

the specific duties that had been nominally fixed in the Smoot-Hawley tariff (Irwin, 1998). 

Figure 3 

 

3.1 Economic Model 

 To study what factors affect trade between the US and other countries, we used an economic 

model called the "gravity equation." Analogous to Newton’s universal law of gravitation, the gravity 

equation states that the patterns of bilateral aggregate trade flows between two countries are 
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proportional to the gross national products of those countries and inversely proportional to the 

distance between them. Shortly, it can be expressed in this form: 

∗ ∗
 

where Y is the US GDP and Y' is GDP of a foreign country, P is the US Price level, P' is the Price 

Level of a foreign country.  

 Having the gravity equation as a base, we modified it to log-linear form:
 

 

where X is a vector of factors that affect the relative cost of foreign goods. Here we used the 

logarithmic form of the equation as changes to the logarithmic form approximate proportional 

changes. Thus, we worked with percentage changes in imports, exports, the US GDP and foreign 

GDP, as opposed to working with absolute values. Moreover, we used our modified formula 

separately for US Exports and Imports. The formula for US Exports helped us identify whether there 

was an increase in exports to any particular country and thus show how trade agreement affected the 

trade between two countries. The formula for US Imports demonstrated how the average tariff rate 

imposed by the US changed depending on the agreement. 

3.2 Data 

 In the gravity equation above the price of foreign goods in the US market is affected by the US 

tariff rate, percent free, distance, and common border, and so we have included these factors in our 

model. Anderson and van Wincoop in "Gravity with Gravitas: A Solution to the Border Puzzle" 

modified McCallum’s [1995] gravity equation by adding the multilateral resistance variables. In 

McCallum’s [1995] gravity equation, bilateral trade flows between two countries depend on the 

output of both countries, their bilateral distance, and whether they are separated by a border. Thus, by 



 
 

 
 

modifying the gravity equation and using 1993 data, Anderson and van Wincoop found that borders 

reduce trade between the US and Canada by 44%, while reducing trade among other industrialized 

countries by 29%. These results show that a shared border does have an impact on international trade. 

Thus, we also included in our model a "border" variable, which equals 1 when two countries share a 

common border and 0 otherwise. Moreover, we included a "language" variable to observe whether or 

not having a common language influences the pattern of trade.  

 As trade costs in international economics include not only physical transport costs but also 

policy-related costs like tariff barriers, we also included a variable "tariff rate" that is responsible for 

the average tariff rate imposed by the US on any other country in the model. In their paper 

"Continental Trading Blocs: Are They Natural or Supernatural?" Frankel, Stein, and Wei use an ad 

valorem tariff level in the model that indicates that prices of home and foreign goods faced by home 

consumers are different due to transport costs and tariffs. Moreover, when they consider welfare 

implications of trade agreements, they show the redistribution of the tariff revenue to consumers. 

Based on their model, we also included "tariff rate" variable to our model due to high variable tariff 

rates between 1921 and 1940. Instead of using a product-by-product tariff rate, we used the aggregate 

tariff rate as our starting point as it was very hard to collect data on tariff cuts on a product-by-product 

basis for a variety of reasons. First of all, it was hard to record data on all of the goods that the US 

exported and imported to/from another country. Additionally, if the US did not import a particular 

good from another country, then the tariff reduction on that good would not have changed the pattern 

of trade: we would have gotten a tariff reduction on zero goods and this tariff reduction would not 

have affected our research. Thus, as we wanted to take into account all of the tariff reductions by the 

US, we used the aggregate tariff rate. As a result, data for 138 countries for period of 20 years was 

collected. Data for US Exports and Imports, and tariff rate by country was obtained from Foreign 

Commerce and Navigation of the United States. However, due to a lack of data for all countries, in the 



 
 

 
 

end we were able to collect data only for 45 countries. However, as previously stated, in 1921 these 

45 countries represented almost 85% of total exports and almost 70% of total imports. Thus, they 

account for majority of US trade activity. GDP data and data for distance between the capital of 

foreign country and Chicago were provided by Professor Mario Crucini. 

 Along with including the US tariff rates, we included tariff rates set by foreign countries. We 

defined the US tariff rate to be the same for all foreign countries in a particular year. To capture 

differences in tariff rates imposed by the US on foreign goods, we included a country specific variable 

called "percent free." "Foreign tariff rate," which defines how much foreign countries retaliated with 

their tariffs, was also used as one of the defining independent variables. Due to lack of data, we used 

an average foreign tariff rate that was defined as Total Duties Collected over Total Imports. Foreign 

tariff rates included in the model are imperfect measures because they included duties on all imports 

from all destinations. However, they did not include specific duties on imports from the US. Data for 

foreign tariffs was obtained from the International Historical Statistics. Figure 4 - a scatter plot with 

the tariff rate in 1924 on x-axis and the tariff rate in 1936 on y-axis - below emphasizes how tariffs 

against US goods changed during this period.  

Figure 4  
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 Additionally, we added a variable "RTAA" to our model to observe whether or not the signing 

of reciprocal trade agreements had an impact on trade between the US and other countries. This 

variable, however, does not capture how much tariffs were reduced as a result of these trade 

agreements and is thus an imperfect measure. "RTAA" is a crude measure that will be used to identify 

if the pattern of the US trade shifted toward countries with whom trade agreements had been signed. 

We would expect that as a result of the RTAA, the average tariff rate would decrease. However, we 

would also expect that only part of this reduction would be due to the RTAA as import prices rose 

eleven percent between 1934 and 1939 and reduced the ad valorem equivalent of the specific duties 

that had been nominally fixed in the Smoot-Hawley tariff (Irwin, 1998). Thus, to take into account 

impacts of inflation, we used real values for US GDP and Foreign GDP, defined as US GDP/US Price 

Level and Foreign GDP/US Price Level, respectively. The data about date reciprocal trade agreements 

were signed was obtained from Irwin's From Smoot-Hawley to Reciprocal Trade Agreements: 

Changing the Course of U.S. Trade Policy in the 1930s. 

 To incorporate the effects of financial situation in the US, i.e. credit crunch, on exports and 

imports, we included "4-month Prime Commercial Paper Rates." Commercial paper is a short-term 

unsecured promissory note issued by corporations and foreign governments. As Mary Amiti and 

David Weinstein (2009) argued, the higher sensitivity of exports to financial forces - explained by the 

fact that exporters tend to be much heavier users of trade finance than domestic firms because 

international transactions tend to take much longer to execute than domestic transactions and because 

of the perceived higher risk of international transactions - provides a reason why exports should be 

more susceptible to financial shocks than domestic sales. Prime commercial paper rates were found in 

the International Historical Statistics. 

 As Jones mentioned in his book, Tariff Retaliation: Repercussions of the Hawley-Smoot Bill, 

some countries imposed retaliatory duties on some products imported from the United States. For 



 
 

 
 

example, Canada imposed duties on sixteen products imported from the US such as: white and sweet 

potatoes, soups and soup preparations, livestock, fresh meats, cured and pickled meats, wheat flour, 

oats, oatmeal, rye, cut flowers, and cast-iron pipe. The duties on these products – which represented 

about 30 percent of the value of all US merchandise exports to Canada – were raised to the levels 

charged by the United States. Thus, to include effect of partial retaliation on trade between countries, 

we added partial retaliation dummy to our model. The data for partial and full retaliation was obtained 

from the World Economic Survey: 1931-32. Moreover, we also included time dummies to our 

equation to take into account variation over the years.  

 Our final formulae for exports and imports looked like this: 

	 	 	 	 	 	 	

	

	 	 	 	 	  

	 	 	 	 	 	

	 	 	

	 	 	 	  

 Data on exports showed that between 1921 and 1940, Argentina, Canada, Cuba, France, 

Germany, Italy, Japan, Mexico and United Kingdom consistently imported more US goods than other 

countries whereas the US mostly imported goods from Brazil, Canada, China, Cuba, France, 

Germany, Japan, and the United Kingdom. The data also shows that from these countries over time 

Brazil, China, Cuba, Japan imported more goods from the US than exported. Thus, for these countries 

trade with the US was less important than trade with these countries for the US. Argentina, Canada, 

France, Germany, Italy, and United Kingdom exported more products to the US than imported. 

Therefore, for these countries trade with the US was more important than trade with these countries 



 
 

 
 

for the US. Table 5 below shows average trade shares of foreign countries in their trade with the US 

between 1921 and 1940. Variance decomposition of exports shows that 45% percent of variation was 

due to a country variation and 55% of variation was due to time variation whereas variance 

decomposition of imports shows that country variation was more important in explaining trade 

patterns of the US with other countries over this time period.  

Country Average Trade Share Average Import Share Average Export Share 
United Kingdom 16.01% 9.73% 20.69% 
Canada 15.91% 14.64% 16.87% 
Japan 8.27% 10.36% 6.71% 
Germany 6.35% 4.91% 7.42% 
France 5.24% 4.22% 6.01% 
Cuba 4.91% 7.11% 3.28% 
Brazil 3.48% 5.56% 1.94% 
Mexico 3.32% 3.73% 3.02% 
China 3.16% 4.10% 2.47% 
Italy 3.06% 2.65% 3.36% 
Argentina 3.01% 2.95% 3.06% 
Philippines 2.77% 3.87% 1.94% 
Netherlands 2.65% 2.20% 2.98% 
Belgium 2.34% 2.13% 2.49% 
India 2.32% 3.78% 1.22% 
Other Countries 17.18% 18.06% 16.52% 

Table 5  

%	 	 	

0.05 ∗ 0.02 ∗ 	 	 	1936 0.35 ∗ 	 	 	1937

0.02 ∗ 	 	 	1938 0.02 ∗ 	 	 	1939 0.07

∗ 	 	 	1940 1.10 

%	 	 	

0.03 ∗ 0.16 ∗ 	 	 	1936 0.02 ∗ 	 	 	1937

0.73 ∗ 	 	 	1938 0.20 ∗ 	 	 	1939 0.43

∗ 	 	 	1940 1.41 

In the equation above RTAA variable had a value of 1 for the year the RTAA was signed and a value 

of 0 otherwise. Regression of growth rate of exports and imports from 1935 until 1940 on RTAA 



 
 

 
 

shows that signing of bilateral trade agreements increased exports by 0.05% and decreased imports by 

0.03%. This means that the signing of bilateral trade agreements, in general, was more beneficial for 

the US than for other countries as it increased US exports to other countries and decreased US imports 

from other countries when compared to the trade between the US and countries that did not sign the 

reciprocal trade agreement. This demonstrates how important these trade agreements were for the US.  

3.3 Regression 

 To run the regression, we used panel data regression in Stata. The use of panel rather than 

cross-sectional data is generally preferred because panel-based models offer a better opportunity to 

account for changes taking place within and between countries over time. Additionally, it generates 

more efficient parameter estimates. We ran fixed-effects regressions as we were interested in making 

explicit comparisons of one level against another; i.e., this type of regression will allow for different 

intercepts for our country variables while constraining the slopes to be the same across countries. 

Because we ran fixed-effects regression, variables that did not change over time like distance, border, 

and language were omitted.  

After we ran the regression, our Ordinary Least Squares formula was: 

Real Exports Coefficient Std. 
Error 

P Confidence Interval 
(95%)  

Real Foreign GDP 0.890 0.038 0.000 0.816 0.964 
RTAA Dummy 0.747 0.179 0.000 0.394 1.100 
Distance -0.0001 0.00002 0.000 -0.0001 -0.00004 

Border 1.114 0.222 0.000 0.679 1.549 
Prime Commercial 
Paper 

0.119 0.049 0.016 0.023 0.217 

Percent Free 0.014 0.002 0.000 0.011 0.017 
 

Real Imports Coefficient Std. 
Error 

P Confidence Interval 
(95%)  

Percent Free 0.014 0.001 0.000 0.011 0.016 
RTAA Dummy 0.712 0.165 0.000 0.389 1.035 
Real Foreign GDP 1.097 0.038 0.000 1.024 1.171 
Border 1.690 0.171 0.000 1.355 2.026 



 
 

 
 

Language -0.797 0.099 0.000 -0.990 -0.603 
Prime Commercial 
Paper 

0.218 0.046 0.000 0.129 0.308 

Foreign Tariffs 1.953 0.333 0.000 1.298 2.607 
 Adjusted R-squared for exports was 50% and adjusted R-squared for imports was 67%. This 

means that our variables explained 50% of the variability observed in the level of exports and 67% of 

that which was observed with respect to imports. 

 As was expected, increase in foreign GDP increased both US exports and imports. US GDP 

was correlated with time dummies and thus was omitted from the regression. Signing of bilateral 

trade agreements between the US and other countries had positive effect on both American exports 

and imports. Looking at the OLS equations we also see that an increase in distance between countries 

decreased US exports to other countries. However, it was surprising that distance did not have a 

negative relation to US imports from other countries. The border coefficient showed that US trade 

with both Mexico and Canada increased not only because distance between them was relatively small, 

but also because they share a common border. We also expected that countries that spoke English as 

their native language would trade more. However, our expectation was not the case in our equation, as 

the coefficient in front of the language variable was negative. The fact that our expectations were not 

met may be because we were only looking at one language. Moreover, our language dummy does not 

take into account the fact that English is commonly spoken in most countries and thus may be less of 

a barrier for trade. The US tariff rate did not seem to affect US imports. This may be because percent 

free serves as a better measure of tariff rates set by the US. The fact that the prime commercial paper 

rate coefficients for exports and imports are both positive suggest that our model is not capturing the 

financial effect that we hoped it would. Surprisingly, foreign tariffs did not appear to affect US 

exports, contrary to our prediction that foreign tariffs would have a significant impact on exports, as 



 
 

 
 

higher tariffs on the US goods should  have led to fewer exports. The problem with the insignificance 

of foreign tariffs was resolved when we ran the fixed-effects regression: 

Real Exports Coefficient Std. 
Error 

P Confidence Interval 
(95%)  

Foreign Tariffs -0.935 0.300 0.002 -1.525 -0.346 
Real Foreign GDP 0.704 0.201 0.000 0.309 1.098 
RTAA Dummy 0.210 0.087 0.016 0.039 0.381 
Prime Commercial 
Paper 

0.099 0.036 0.005 0.029 0.169 

US Tariffs -0.050 0.015 0.001 -0.079 -0.021 
 
Real Imports Coefficient Std. 

Error 
P Confidence Interval 

(95%)  
US Tariffs -0.044 0.012 0.000 -0.069 -0.020 
RTAA Dummy -0.228 0.069 0.001 -0.364 -0.092 
Real Foreign GDP 0.909 0.143 0.000 0.628 1.189 
Prime Commercial 
Paper 

0.056 0.026 0.034 0.004 0.107 

 When we ran fixed-effects regression we saw that an increase in foreign GDP by 1% tended to 

coincide with an increase in US exports by 0.7% and an increase US imports by 0.9%. This finding 

was consistent with those typical of observations conducted with a traditional gravity model. By 

looking at the exports equation we also saw that an increase in foreign tariffs would tend to decrease 

exports. Moreover, as we expected, an increase in US tariffs would make it more profitable to 

produce in the US instead of exporting the product, which in turn would lead to a decrease in exports. 

This means that an increase in tariffs could pull resources away from exports playing toward the 

country's comparative advantages and reposition them toward less efficient uses. Additionally, the 

exports equation shows that signing of reciprocal trade agreements results in an increase in exports. 

An increase in the prime commercial paper rate means that corporations are forced to borrow money 

at a higher cost when they decide to invest in their production of goods and services. When cost of 

borrowing increases it costs more to obtain funds to use for investment. This indicates that cost of 

production of corporations could go up and this leads to a decrease in exports. Moreover, higher cost 



 
 

 
 

of production could increase price of goods, potentially contributing to declines in consumption 

amongst individuals which in turn can negatively impact the level of imports. The fact that the prime 

commercial paper rate coefficients for exports and imports are both positive seems to suggest our 

model is not capturing any financial effect that we hoped it would.  

 In the imports equation, as we expected, increase in US tariffs decreased US imports. It is 

interesting to note that signing of bilateral trade agreements does not seem to have a positive effect on 

imports. What was also surprising is the fact that the coefficient in front of real US GDP variable is 

omitted. This may be because the real US GDP is correlated with something else, which could have a 

very strong relationship with trade. No conclusion about the impact of GDP can be drawn in this 

case. In the results with time dummies, the reason is clear - the US GDP is perfectly correlated with 

time dummies because there is no cross sectional variation in the variable.  Since all of our results 

include time dummies, we have omitted US GDP. 

 

4 Calibration 

 In this section we used the parameter values from the data to calibrate a model that matched the 

gravity equation. This exercise allows us to compare the level of the Smoot-Hawley tariff with the 

optimal tariff, and also to calculate the effect of the elimination of all tariffs (both US and foreign). The 

comparison with free trade provides an estimate of the cost of the trade war on welfare of the US.  

In our model, we used the Armington assumption that internationally traded products are 

differentiated by country of origin and national goods are imperfect substitutes. Good 1 is taken as a 

numeraire,  is the relative price of country 2's output, and  represents output of country  in terms of 

good . Moreover, we assumed that each country imposes tariffs on imports. This means that price of 

good 2 in country 1 is 1 .  



 
 

 
 

Preferences are given by the constant elasticity of substitution function. The constant elasticity 

of substitution equations for home and foreign countries can be expressed in the following way:  

, ∗ 1 ∗  

, ∗ 1 ∗  

In the formulae above  and  are two budget shares, one for home country and one for 

foreign countries. These taste parameters can help us identify whether or not countries exhibit home 

bias in trade. For example, if products produced in two countries are the same, we would expect them 

to have same trade shares. However, international trade involves factors like trade costs, which among 

other things include tariffs, nontariff barriers, and transport costs that may affect consumer choices, 

leading to a tendency for domestic consumers to purchase domestic goods rather than imports (to a 

home bias toward home-produced goods). Moreover, home bias implied by the model can also be 

partly explained in terms of trade composition, i.e. the absence of non-traded goods, trade in 

intermediates can also bias our results. Aggregating all foreign countries can additionally bias the taste 

parameters as aggregation does not take into account differences in distance and transportation costs 

between the US and other countries. Later we could add transportation costs to our model to identify 

whether or not including transportation costs changes our results.  

Since income will include the sum of output and total revenue. These assumptions implied the 

following demand functions:  

1 1
1 1

 

1 1
1 1

 



 
 

 
 

1 1
 

where  is consumption of good i in country j  

the market clearing condition is:  

0 

This condition requires that the value of home country imports equal the value of its exports to the 

foreign country. Using the demand functions above, we can express the respective country import 

demands as  

1
1 1

 

1 1
 

Given the values of the taste parameters, income levels, and tariffs, the import demand functions can be 

substituted into the equilibrium condition to solve for world prices.  

 After finding all these formulae, we used the parameter values from the data to calibrate a 

model. By looking at Figure 2, we used 1924 as our base year. For that year the US tariff rate or  was 

equal to 14.89%; the weighted-average foreign tariff rate was 8.77%; the US GDP, or , equaled 

$713,989; and the weighted-average foreign GDP was $1,288,733. In defining the foreign GDP we did 

not include all foreign countries in our model, as data for GDP or tariff rates was unavailable for some 

of the countries. Thus, at the end, we only included 13 foreign countries to our model.  is the elasticity 

of substitution between the goods. When the two goods are differentiated by country of origin, as in our 

case, this elasticity is commonly referred to as the Armington elasticity (Ruhl). This elasticity is one of 

the critical parameters for determining the behavior of trade flows and international prices and thus was 

already estimated by different authors using different techniques. For example, estimates of the 



 
 

 
 

Armington elasticity that were derived from cross sectional studies or the response of trade flows to 

changes in tariffs ranged from 4 to 13. Head and Ries (2001) found elasticities that ranged from 7.9 to 

11.4 in a regression relating trade shares to both tariff and non-tariff barriers between Canada and the 

US. In a detailed study of the US trade that featured data on thousands of goods, Romalis (2002) 

estimated elasticity that ranged between 4 and 13. In a model of economic geography with explicit 

consideration of transportation costs, Hummels (2001) used data from Argentina, Brazil, Chile, New 

Zealand, Paraguay, and the United States to estimate the elasticity of substitution and, at the end, he got 

elasticity ranging from 3 to 8. In our model, we used a value of 5 - a mean of a range between 3 to 8 - 

for the elasticity of substitution. After having all of these values, we solved for the preference 

parameters , ,	and the price  by using the equations below: 

	 	 	= 
	

	
2.84 

	 	  = 
∑ 	

∑
2.68 

0 

In this case 		 	  were defined above. As a result we got that 0.965, 0.05, 1.18. 

Given these values, we looked for optimal tariff rate for the US, i.e. the value of the tariff rate that 

maximized the utility function, given the tariffs of the rest of the world. Figure 5 below shows that the 

utility is maximized at the value of when the tariff rate set by the US is equal to 26%, which is much 

higher than the tariff rate of 14.89% that was set in 1924. Thus, it can be concluded that tariffs set in 

1924 did not maximize the US' utility.  



 
 

 
 

 

Figure 5 

To determine the welfare effects of trade barriers, we also did the calibration exercise for free trade 

case, i.e. when the tariff rate was set to zero. As a result, we found that tariff elimination would have 

increased the US' utility by 0.24%, i.e. the welfare effect of tariff elimination would have been 

minimal. This minimal increase in welfare as a result of tariff liberalization may partially be due to the 

fact that the US government needs to find another way to finance government spending due to 

elimination of tariff revenue. For example, in the case when the tariff revenue is replaced by increase in 

income tax, consumption that increased due to decrease in price levels as a result of trade liberalization 

may increase by a smaller amount. All of this happens alongside an increase in income tax, explaining 

a small increase in welfare as a result of trade liberalization. Moreover, to identify how changes in 

import shares affect the US' utility, we did the calibration exercise again. This time we assumed that 

both the US and foreign import shares were 6% of the US GDP and foreign GDP, respectively. As a 

result, we came to the conclusion that the US' utility would have increased by 0.356% when import 

shares increased from 3% to 6%.  

 

5 Conclusion 

 Our results indicate that foreign tariff rate has a negative effect on US exports whereas US 

tariff rate has a negative effect on US imports. Additionally, distance has a negative effect on trade 
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whereas variables like foreign GDP, sharing a common border, and signing of reciprocal trade 

agreements have a positive impact on trade as we expected. The fact that the prime commercial paper 

rate coefficients for exports and imports are both positive seems to suggest our gravity model is not 

capturing any financial effect that we hoped it would.  

 Our results are mainly consistent with the results that have been previously obtained in gravity 

equation models by other researchers. Our research mainly focuses on what caused the drop in 

Trade/GDP in 1929 and why, by the end of the 1930s, it still had not completely recovered to the 1929 

value. As the drop in Trade/GDP was a function of decrease in both GDP and tariff levels, we would 

expect that if the tariff levels and GDP returned to their 1929 values by the end of the 1930s, 

Trade/GDP would also reach its previous value by the end of the decade. However, even if the tariff 

levels return to the original value, GDP recovers slowly. It can be observed in Figure 3 that tariff rates 

almost came back to the original value, but despite our prediction that GDP grows slowly, it did grow 

between 1929 and 1940. The only explanation for partial recovery instead of a full recovery would be 

the fact that the rest of the world was in a bad position. External factors like Germany's preparations for 

World War II may have been causing trade to fall. If this is the case, it would appear in our time 

dummy coefficients. Positive time dummies can be interpreted as trade being higher for that particular 

year. However, as can be seen in the appendices, we do not see any unusual coefficients.  

 Our calibration results emphasized that the tariff rate of 14.89% set by the US in 1924 did not 

maximize the utility. The utility was maximized when the tariff rate was equal to 26%. To determine 

the welfare effects of trade barriers, we did the calibration exercise for free trade case, i.e. when the 

tariff rate was set to zero. As a result, we found that the comparison of welfare in 1924 with free trade 

welfare provided an estimate cost of 0.24% decrease in welfare of the US as a result of the trade war. 

Moreover, to identify how changes in import shares affect the US' utility, we did the calibration 



 
 

 
 

exercise again. As a result, we came to the conclusion that the US' utility would have increased by 

0.356% when both the US and foreign import shares increased from 3% to 6%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

Appendix A: 

 

 



 
 

 
 

Appendix B: 

 

 



 
 

 
 

Appendix C: 

 



 
 

 
 

Appendix D: 

 

 



 
 

 
 

Appendix E: Ratification of US Trade Agreements by the Legislators of the Foreign Countries 

Concerned, as of Jan 27, 1937: 

Country Date Signed In effect 

Belgium Feb 27, 1935 May 1, 1935 

Cuba Aug 24, 1934 Sep 3, 1934 

Canada Nov 15, 1935 Jan 1, 1936 

France May 6, 1936 June 15, 1936 

Netherlands Dec 20, 1935 Feb 1, 1936 

Switzerland Jan 9, 1936 Feb 15, 1936 

Brazil Feb 2, 1935 Jan 1, 1936 

Colombia Sep 13, 1935 May 20, 1936 

Costa Rica Nov 28, 1936 not yet in force 

Finland May 18, 1936 Nov 2, 1936 

Guatemala Apr 24, 1936 Jun 15, 1936 

Haiti Mar 28, 1935 Jun 3, 1935 

Honduras Dec 18, 1935 Mar 2, 1936 

Nicaragua Mar 11, 1936 Oct 1, 1936 

Sweden May 25, 1935 Aug 5, 1935 

 

 



 
 

 
 

Appendix F: Complete list of foreign countries included in calibration: 

1. Argentina 

2. Australia 

3. Belgium 

4. Brazil 

5. Canada 

6. France 

7. Germany 

8. India 

9. Italy 

10. Japan 

11. Netherlands 

12. Spain 

13. United Kingdom 

 

 

 

 

 

 

 

 

 

 



 
 

 
 

Appendix G: The constant elasticity of substitution utility function is defined as: 

,  

where 	 is country i's consumption for i=1,2. To maximize the utility, we solved the first-order 

condition: 	 	 1,2.	 By adding the budget constraint: 

∑  to the first-order condition, we were able to solve for the demand functions: 
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