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1. Introduction 

This model is an extension from the Tsiang model (1961). We introduce tariff to the 

model. Both the USA and the UK will introduce a tariff on the foreign good in their 

economy, so the USA will place a tariff on beer, while the UK will place a tariff on 

automobiles. It makes sense that the decision to place a tariff would be in the hands of the 

government of each country, so the two additional tariff variables, which we call F for the 

American tariff on British beer, and Fs for the British tariff on American cars, will be 

exogenous variables. Since the two new variables are exogenous, then we will still have 

27 unknowns determined by 27 equations, so the system of equations is properly 

determined, and no new variables will be added. We looked into this model and drew 

economic explanation of the effect of tariff under both fixed exchange rate and flexible 

exchange rate.



2. Model 

2.1 General Assumptions 

• There are two countries: America and Britain 

• Each country produces one product each: Auto and Beer 

• Nominal wages are exogenous 

• Labor and Capital stocks are exogenous 

• Production function has Cobb-Douglas form 

2.2 Variables and Parameters 

   (a) Variables 

 

 

 

 

 

 

 

 

Variables Definition Status 
A Auto Endogenous 
B Beer Endogenous 
CPI/CPIs Consumer Price Index Endogenous 
PA/Pas Price of Auto Endogenous 
PB/PBs Price of Beer Endogenous 
D/Ds Domestic Absorption Endogenous 
X/Xs Export Endogenous 
realab/realabs Real Absorption Endogenous 
absorb/absorbs Absorption Endogenous 
R/Rs Money Rent Endogenous 
H/Hs Money Supply Endogenous 
r/rs Interest rate Endogenous 
REALINC/REALINCs Real Income Endogenous 
INC/INCs Income Endogenous 
T Trade Balance Endogenous 
K/Ks Capital Stock Exogenous 
L/Ls Labor Exogenous 
W/Ws Nominal Wage Exogenous 
E Exchange Rate Exogenous 
F/Fs Import Tariff Effect Exogenous 



 

 (b) Parameters  

 

 

 

 

 

 

 

 

 

2.3 Basic Equations 

We used the Tsiang model that we used in class, and added tariff into law of prices, 

and trade balance equations as follows: 

Law of one price for autos: Pas^=PA^+E^+Fs^ 

Law of one price for beers: PBs^=PB^+E^-F^ 

Trade Balance: dT=(PA*X)*(PA^+X^)-(PB*Xs)*(PB^+Xs^-F^) 

Parameters Definition Initial Value 
phiA Shares of 

absorption(America) 
0.7 

phiBs Shares of 
absorption(Britain) 

0.7 

thetaL/thetaLs Labor Factor Shares 0.7 
m/ms Sensitivity of demand for 

money 
1 

save/saves Sensitivity of real 
absorption to the interest 
rate 

1 

sigmaU/sigmaUs Elasticity of substitution in 
absorption and production 

1 

mpc/mpcs Marginal propensity to 
absorb 

0.7 



3. Simulations and Analysis 

3.1 Tariff under fixed exchange rate 

With the system of equations, we constructed policy matrix as follows: 

 
F Fs F+Fs 

A 0 0 0 
B 0 0 0 
cpi 0.3 6.66134E-17 0.3 
PA 1.18424E-16 0 1.18424E-16 
PB 1 2.22045E-16 1 
CPIs 0 0.3 0.3 
PAs 0 1 1 
PBs 0 2.22045E-16 2.22045E-16 
D -0.225 0.525 0.3 
Xs -1.225 0.525 -0.7 
Ds 0.525 -0.225 0.3 
X 0.525 -1.225 -0.7 
realab -0.525 0.525 0 
absorb -0.225 0.525 0.3 
realabs 0.525 -0.525 0 
absorbs 0.525 -0.225 0.3 
R 0 0 0 
Rs 0 0 0 
H -0.315 0.525 0.21 
r 0.315 -0.525 -0.21 
Hs 0.525 -0.315 0.21 
rs -0.525 0.315 -0.21 
REALINC -0.3 -2.77556E-17 -0.3 
INC 0 0 0 
REALINCs 2.77556E-17 -0.3 -0.3 
INCs 0 0 0 
T 52.5 -52.5 0 

 

A tariff will not affect total output of automobiles and beer due to the fact that in this 

model, capital and labor are held fixed as exogenous variables, therefore it is as if supply 

of both is infinitely elastic. Because the share of American consumption of British beer is 

30% of all American consumption and the share of British consumption of American 

automobiles is 30% of all British consumption, then a 1% increase in the tariff of the 



foreign good in America or Britain will increase their domestic CPI by .3%, as 30% of 

America or Britain’s consumption goods will be more expensive by 1%. It will not affect 

the CPI in the foreign market. 

Obviously a 1% American tariff on British beer will increase the American price of 

beer by 1%, and have no effect on the British price of beer. A 1% American tariff on beer 

will reduce American demand of automobiles by .225%. This occurs because the tariff 

makes American consumers worse off. By the parameters of this model, Americans will 

want to maintain a ratio of spending .7 dollars on automobiles to .3 dollars on beer. They 

are in a sense poorer because more of their income must be devoted to beer, as the price 

of beer increases through the tariff. Thus they have less income to devote to purchases of 

automobiles. 

A 1% American tariff on beer will reduce the percentage of beer imported by 

1.225%. This is because beer is more expensive. 

Real income naturally goes down by .3% with a 1% increase in tariff, as the tariff 

makes beer more expensive, which increases CPI and decreases real income. 

Income is not affected by a 1% increase in tariff, as the tariff does not affect the 

output of the home good nor the price of the home good. 

Money stock is decreased by a 1% increase in tariff, in order for America to maintain 

full employment and keep wages fixed, as the economy’s absorption contracts. As a 

result, the interest rate drops. 

An increase in tariff increases the trade balance, which makes sense as an increase in 

the tariff will reduce imports and in this case increase exports. 



We can also think about how the sequence of changes would occur if America raised 

the tariff by 1%. Obviously the first effect would be that the price of beer would increase 

1%. The increase in the price of beer increases the CPI for America as a result. How 

much the CPI goes up depends on the share of American income that is devoted to 

purchasing beer. Another effect of the increase of the price of beer would be in equation 

(5). Because PB^ =1 due to the price increase, and PA is constant with sigmaU=1, then 

we have that D^ - Xs^ = 1, so the ratio D/Xs will increase by 1%. The increase in price 

makes the British exports less attractive, so the share of exports Xs from Britain decrease. 

Since output is fixed in both markets, domestic absorption of beer, Ds, must as a result 

increase. This has an effect on equation (6). Because the price of automobiles in Britain 

and the price of beer in Britain do not change, the term Ds^ - X^ cannot change, which 

means that the ratio Ds/X must stay constant. Since Ds increases, American exports of 

automobiles to Britain must also increase. Since the output of automobiles is fixed, an 

increase in exports reduces the American absorption of automobiles, D. Since D and Xs 

both decrease, absorption must as a result decrease. Real absorption decreases due to this 

decrease in nominal absorption and real absorption also decreases due to the increase in 

CPI. Because of these effects, we can see that due to Equation (17), the interest rate must 

rise. This is due to the fact that real absorption decreases more than the decrease in real 

income due to the increase in CPI. Thus dr would have to be positive and the interest rate 

rises. This rise in interest rate combined with income staying constant will decrease H, 

the supply of money. This accounts for the effects the tariff has on the American side. 

Now we can see how the tariff has additional effects to Britain. Since Xs, Britain’s export 

share declines, and B, British output of beer stays constant, Ds, British absorption of beer 



increases. With X and Ds increasing, British general absorption increases, which 

increases the real absorption. To maintain fixed employment levels and fixed wages, the 

level of British money supply increases, and the British interest rate drops to clear the 

money market. 

 

3.2 Tariff Under Flexible Exchange Rate 

We now look into tariff effect under flexible exchange rate. 

	  
F	   Fs	   F+Fs	  

A	   0	   0	   0	  
B	   0	   0	   0	  
cpi	   0.09	   0.21	   0.3	  
PA	   0	   0	   0	  
PB	   0.3	   0.7	   1	  
CPIs	   0.21	   0.09	   0.3	  
PAs	   0.7	   0.3	   1	  
PBs	   5.55112E-‐17	   0	   5.55112E-‐17	  
D	   0.3	   0	   0.3	  
Xs	   0	   -‐0.7	   -‐0.7	  
Ds	   0	   0.3	   0.3	  
X	   -‐0.7	   0	   -‐0.7	  
realab	   0.21	   -‐0.21	   0	  
absorb	   0.3	   -‐2.77556E-‐17	   0.3	  
realabs	   -‐0.21	   0.21	   0	  
absorbs	   0	   0.3	   0.3	  
R	   0	   0	   0	  
Rs	   0	   0	   0	  
H	   0.273	   -‐0.063	   0.21	  
r	   -‐0.273	   0.063	   -‐0.21	  
Hs	   -‐0.063	   0.273	   0.21	  
rs	   0.063	   -‐0.273	   -‐0.21	  
REALINC	   -‐0.09	   -‐0.21	   -‐0.3	  
INC	   0	   0	   0	  
REALINCs	   -‐0.21	   -‐0.09	   -‐0.3	  
INCs	   0	   0	   0	  
E	   0.7	   -‐0.7	   0	  

 



Under flexible exchange rate, the effects are more complicated than the fixed 

exchange rate assumption. Exchange rate becomes endogenous variable, and trade 

balance becomes exogenous. The relation is more complicated because under flexible 

rate, import tariff does not directly determine the price level of goods imported. The 

equations regarding the price level and the level of domestic production are all 

interrelated. 

Unlike before, 1% increase in tariff does not entail 1% increase in price of imported 

goods. There is only 0.3% increase. This is because when import tariff rises, the effects 

are dispersed between the price of imported good and the exchange rate. In this case, 

there is 0.7% increase in exchange rate following the increase in tariff. This is implying 

that dollar has been appreciated. Therefore, there is a rise in the price of exported good by 

0.7%. The level of phiA determines the degree of increasing amount of exchange rate. 

That is, the higher the level of phiA, the bigger the impact on exchange rate. From 

equation (8) we know that the import tariff on American side will affect the price of beer 

in America and exchange rate. Higher phiA implies lower phiB, and also there’s less 

impact of tariff on the price of beer. Therefore, there will be a higher impact on the 

exchange rate. From this, we can say that the introduction of an import tariff will cause 

not only increase the price of imported goods but also the price of exported goods due to 

the terms of trade effect from the increase in the exchange rate. 

As a result, the level of CPI increases in both countries. This is different from fixed 

exchange rate condition where tariff impact was solely on the price of imported goods. A 

peculiar point is that introduction of tariff in America will actually increase the level of 



CPI in Britain even more than the level of CPI in America. Again, this is attributed to the 

level of phiA.  

Absorption in America increases due to increase in domestic absorption of autos and 

also to increase in the price of beers, whereas the absorption in Britain does not change. 

Since CPI has risen, real absorptions in both countries are lower than the nominal 

absorption, with change more drastic in Britain. 

When there are tariffs in both countries, most of the effects are cancelled out. Also, 

we have the exact same as the result under fixed exchange rate when there are tariffs in 

both countries. We argue that this is because in this model the level of output are fixed 

because the production factors are given exogenously. That is, we cannot produce more 

output when the price goes up. Therefore, whatever the effect of tariff will be dispersed 

within the fixed amount of output, and when there are tariffs in both countries with the 

same amount, the aggregated effects will be the same under both exchange rates. 

 

3.3. Model Under Asymmetric Settings 

When import tariffs are imposed to both countries, we saw that the aggregated effect 

was same under fixed exchange rate and flexible exchange rate. This is due to the initial 

setting of the model: The model has symmetric conditions in both countries. Therefore, 

the effects were cancelling out each other. For example, when tariffs are imposed to both 

countries under flexible exchange rate, changes in exchange rates are cancelled out by 

each other, and the result was same as the one under fixed exchange rate. Therefore, by 

altering some of the parameters and initial values, we were able to achieve different 

results. 



First of all, since tariffs change the price of goods, the elasticity of demand plays a 

crucial role in determining this model. Initially, we were assuming that the elasticities of 

substitution in absorption (sigmaU, sigmaU*) were both 1. We tried to analyze some of 

the extreme case where one country has very large/small elasticity, and the other 

remaining as 1. The following is when America has the elasticity of 1000 and Britain 1. 

	   Under	  Fixed	  Exchange	  Rate	   Under	  Flexible	  Exchange	  Rate	  

	  
F	   Fs	   F+Fs	   F	   Fs	   F+Fs	  

A	   0	   0	   0	   0	   0	   0	  
B	   0	   0	   0	   0	   0	   0	  
cpi	   0.3	   0	   0.3	   0.000128516	   0.000299871	   0.000428388	  
PA	   0	   0	   0	   0	   -‐1.11244E-‐16	   -‐7.18176E-‐17	  
PB	   1	   0	   1	   0.000428388	   0.000999572	   0.001427959	  
CPIs	   0	   0.3	   0.3	   0.299871484	   0.299700129	   0.599571612	  
PAs	   0	   1	   1	   0.999571612	   0.999000428	   1.998572041	  
PBs	   0	   0	   0	   0	   -‐1.11022E-‐16	   -‐1.25862E-‐16	  
D	   -‐225	   0.525	   -‐224.475	   0.428387834	   0.299571612	   0.727959446	  
Xs	   -‐1225	   0.525	   -‐1224.475	   1.11022E-‐16	   -‐0.7	   -‐0.7	  
Ds	   525	   -‐0.225	   524.775	   5.55112E-‐17	   0.3	   0.3	  
X	   525	   -‐1.225	   523.775	   -‐0.999571612	   -‐0.699000428	   -‐1.698572041	  
realab	   -‐525	   0.525	   -‐524.475	   0.299871484	   -‐0.000299871	   0.299571612	  
absorb	   -‐524.7	   0.525	   -‐524.175	   0.3	   -‐7.45931E-‐17	   0.3	  
realabs	   525	   -‐0.525	   524.475	   -‐0.299871484	   0.000299871	   -‐0.299571612	  
absorbs	   525	   -‐0.225	   524.775	   0	   0.3	   0.3	  
REALINC	   -‐0.3	   0	   -‐0.3	   -‐0.000128516	   -‐0.000299871	   -‐0.000428388	  
INC	   0	   0	   0	   0	   0	   0	  
REALINCs	   0	   -‐0.3	   -‐0.3	   -‐0.299871484	   -‐0.299700129	   -‐0.599571612	  
INCs	   0	   0	   0	   0	   0	   0	  
T/E	   52500	   -‐52.5	   52447.5	   0.999571612	   -‐0.000999572	   0.998572041	  

<sigmaU=1000,	  sigmaU*=1>	  
As we can see, the effect of tariff is much larger when the tariff is imposed to the 

country with higher elasticity, in this case America. Under fixed exchange rate, clearly 

the effect of Fs is exactly the same as before. The effects of import tariff on America, 

however, are magnified because the tariff will make American people poorer, and they 

will respond more sensitive to it when having high elasticity. Under flexible exchange 

rate, 1% increase in import tariff in America will be transferred to almost 1% increase in 



the exchange rate. This is plausible because elasticity in America is so high and Britain 

low, and to keep the trade balance as 0 the exchange rate has to go up.  

Along with this, we also wanted to see the effects of making phi, the shares of 

absorption spent on the home good, the parameters phiA and phiBs asymmetric, and 

analyze the effects of that change. To make things simpler, we are changing the value of 

phiBs, the share of absorption spent on the home good in Britain, to be slightly lower at 

.6, leaving phiA, the share of absorption spent on the home good in America alone at .7. 

By setting the parameters this way, Britain is more dependent on American exports than 

America is on British exports.  

	   Under	  Fixed	  Exchange	  Rate	   Under	  Flexible	  Exchange	  Rate	  

	  
F	   Fs	   F+Fs	   F	   Fs	   F+Fs	  

A	   0	   0	   0	   0	   0	   0	  
B	   0	   0	   0	   0	   0	   0	  
cpi	   0.3	   4.32E-‐16	   0.3	   0.098182	   0.18	   0.278182	  
PA	   -‐2.36848E-‐16	   4.74E-‐16	   2.37E-‐16	   0	   7.4E-‐18	   7.4E-‐18	  
PB	   1	   3.33E-‐16	   1	   0.327273	   0.6	   0.927273	  
CPIs	   0	   0.4	   0.4	   0.269091	   0.16	   0.429091	  
PAs	   0	   1	   1	   0.672727	   0.4	   1.072727	  
PBs	   0	   0	   0	   0	   1.11E-‐16	   1.11E-‐16	  
D	   -‐0.4	   0.6	   0.2	   0.272727	   8.33E-‐17	   0.272727	  
Xs	   -‐1.4	   0.6	   -‐0.8	   -‐0.05455	   -‐0.6	   -‐0.65455	  
Ds	   0.933333333	   -‐0.4	   0.53333	   0.036364	   0.4	   0.436364	  
X	   0.933333333	   -‐1.4	   -‐0.46667	   -‐0.63636	   1.11E-‐16	   -‐0.63636	  
realab	   -‐0.7	   0.6	   -‐0.1	   0.174545	   -‐0.18	   -‐0.00545	  
absorb	   -‐0.4	   0.6	   0.2	   0.272727	   1.11E-‐16	   0.272727	  
realabs	   0.933333333	   -‐0.8	   0.133333	   -‐0.23273	   0.24	   0.007273	  
absorbs	   0.933333333	   -‐0.4	   0.533333	   0.036364	   0.4	   0.436364	  
REALINC	   -‐0.3	   2.12E-‐17	   -‐0.3	   -‐0.09818	   -‐0.18	   -‐0.27818	  
INC	   0	   0	   0	   0	   0	   0	  
REALINCs	   0	   -‐0.4	   -‐0.4	   -‐0.26909	   -‐0.16	   -‐0.42909	  
INCs	   0	   0	   0	   0	   0	   0	  
T/E	   74	   -‐66	   8	   0.672727	   -‐0.6	   0.072727	  

<phiA=0.7,	  phiBs=0.6>	  
 



Under a fixed exchange rate regime, if America institutes a tariff, we can see from 

the F+Fs column that there is now asymmetry in the effects to each country if both 

countries raise the tariff. Prices increase more in Britain than in America, since the 

increase in price of the foreign good affects the more import hungry British. Because 

income is fixed, Britain will have a larger decrease in real income than America. On the 

other hand, after both tariffs are instituted, Britain actually has an increase in real 

absorption, while America has a decrease in real absorption, along with the trade balance 

being skewed in America’s direction. It is interesting that Britain has an increase in 

absorption, since you would expect that if both countries increased tariffs, then since 

Britain is more dependent on imports, then they would be worse off than America, but 

instead Britain is actually better off. This may be because of British absorption’s higher 

dependence on Britain’s import share. We have seen earlier that American exports are 

encouraged by import tariffs, since American consumers have less purchasing power. 

This increase in exports could have a larger impact on spending in the British economy 

than the corresponding effect that would happen if Britain increased the tariff. This 

higher willingness in Britain for imports explains the trade balance favor in America’s 

direction. 

Under a flexible exchange rate, we again see that Britain will have a higher CPI than 

America after both nations institute a tariff.  Also, there is an upward increase in 

exchange rate, as opposed to the total cancelling out from the symmetric model. This 

increase can be considered to be the additional demand for the dollar to buy automobiles 

from British consumers compared to American demand for the pound to buy beer. 



4. Conclusion 

 We have seen the consequences of import tariff on the two economies. There are 

some different results depending on which exchange rate regime the countries are using. 

Under fixed exchange rate, import tariff imposed by a country goes solely into the price 

of imported goods, which will make people in America poor off. Thus, import tariff 

under fixed exchange rate will cause decrease in real absorption in America and increase 

in real absorption in Britain. As a result, trade balance will be improved. 

 In contrast, when under the flexible exchange rate, the effect of import tariff will be 

divided into rise in imported goods and the exchange rate, which will cause the price of 

exported goods to be higher as well in order to keep the trade balance constant. In this 

case, the real absorption in America is actually increased, and the real absorption in 

Britain is decreased. 

 We have also shown that the tariff effect were concentrated to the country with lower 

elasticity of substitution, both under fixed and flexible exchange rates. This is because 

country with higher elasticity would want to import much less when tariff is imposed, so 

the effect will go to the country with lower elasticity because they are less sensitive to the 

price change. Moreover, we see that if both countries have a different share of absorption 

devoted to the home good, then the country with the lower share will suffer a larger 

increase in prices and either the trade balance or exchange rate will increase for the 

nation with the higher share. 
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