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General Setup

– Many countries (i = 1,...,N), each endowed with Li units of labor.

– Every country supplies a composite good produced with only labor.

– The representative consumer in country i has a CES utility:

Ui(Q1i, ...,QNi) =
(
Q
σ−1
σ

1i + ... +Q
σ−1
σ

Ni

) σ
σ−1

– Pji is the price index of the good supplied by country j to market i.
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Aggregate Price Indexes in Quantitative Trade Models

Following Costinot and Rodriguez-Clare (2014):

Pji = τjiwj ×

((
Li

fji

) δ
1−σ τjiwj

Pi

)η
×

(
Lj

fej

) δ
1−σ

× ξji

– fji: fixed operating cost

– fej : sunk entry cost

– ξji is composed of structural parameters
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Aggregate Price Indexes in Quantitative Trade Models

Following Costinot and Rodriguez-Clare (2014):

Pji = τjiwj ×

((
Li

fji

) δ
1−σ τjiwj

Pi

)η
︸ ︷︷ ︸

firm-selection effects

×

(
Lj

fej

) δ
1−σ

︸ ︷︷ ︸
scale effects

×ξji

– Krugman: δ = 1 and η = 0

– Eaton-Kortum δ = 0 and η =
(
θ
σ−1

) (
1 + 1−σ

θ

)
– Melitz-Pareto δ = 1 and η =

(
γ
σ−1

) (
1 + 1−σ

γ

)
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National Welfare from the Lens of Trade Models

Given that (i) λii = (Pii/Pi)
1−σ; (ii) Wi ≡ wi/Pi; and (iii) ε ≡ (σ− 1) (1 + η),

we can use the expression for Pii to write the real GDP p/c of country i as

Wi = Ai τ
−1
ii λ

−1
ε

ii f
−δηε
ii

(
fei
)−δε L

δ
σ−1
i
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Application I: Asymmetric Trade Costs and

Cross-Country Income Differences



Perfectly Competitive Models (δ = 0)

Wi = Ai × λ
−1
ε

ii × τ
−1
ii
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Perfectly Competitive Models (δ = 0)

Wi = Ai × λ
−1
ε

ii × τ
−1
ii

Structural

TFP

Trade

Openness

Domestic

trade

frictions
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Waugh (2010, AER)

– The cross-country heterogeneity in real GDP p/c is puzzlingly large.

– This is partly due to poor countries facing higher export costs:

τns < τsn

where n denotes North and s denotes South.

– Under balanced trade (Total Imports = Total Exports)

λnn = 1 −

∑N
i=1 Xni

YN
< 1 −

∑N
i=1 Xsi

Ys
= λss
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Waugh (2010, AER)

– Eliminating asymmetries in trade costs can reduce North-South

income differences:

τsn

τns
↓ =⇒ λss

λnn
↓ =⇒ Ws

Wn

∝
(
λss

λnn

)− 1
ε

↑
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(2004) for a developed country. Table 4 also reports the average gain in income per worker. All 
countries gain—but poor countries gain relatively more than rich countries.

As another experiment, I endow all countries with the same effective distance costs OECD 
countries face among themselves. The premise is that the costs to trade between OECD coun-
tries are relatively closer to free trade than the entire sample. Table 4 presents the results. In this 
experiment, the variance in log income per worker is reduced by 13 percent and the 90/10 ratio 
is reduced by 23 percent.

To put these two exercises in perspective, compare these gains relative to a world with no 
trade costs. In this world, the variation in log income per worker is only 0.76 and the 90/10 
ratio is 11.4. Eliminating the asymmetry or moving toward OECD trade costs delivers 59 and 
41 percent of the reduction in income differences relative to complete elimination of trade 
costs. Or at the other extreme, if trade costs were set to infinity, the variance of log income 
per worker increases to only 1.35. The systematic asymmetry in trade costs is so punitive that 
removing it takes the economy from basically autarky to over 50 percent of the way relative to 
frictionless trade.

B. On The Mechanics Behind Reductions in Income Differences

Differentials in the pattern of specialization between rich and poor countries drive reductions 
in income differences. To see this, I show in the online Appendix and in Waugh (2009) that start-
ing from (12) the definition of PWT real GDP per worker in the model can be expressed as

(13)   y i  =   A i    k  i  α , with  A i  =   X  ii    − θ(1 − γ) _ β    λ  i    
θ(1 − γ) _ β   .

Real GDP per worker is similar to a standard one-sector growth model with a TFP term and 
capital-labor ratio taken to a power term. Here, measured TFP is decomposed into an endogenous 
trade factor,  X  ii  − θ(1−γ)/β , and an exogenous domestic factor,  λ  i  θ(1−γ)/β .22

When trade costs are infinite, countries are unable to specialize and must produce all goods 
domestically. Hence,  X ii  =  1 and TFP becomes  λ  i  θ(1−γ)/β . Given how efficiency levels are distrib-
uted in the production of tradable goods, each country’s average efficiency level is  λ  i  θ  taken to the 
power (1 − γ)/β.23 When trade costs are finite, countries are able to specialize and import some 
goods from relatively more efficient producers. Hence,  X ii  <  1 and each country’s gain from 
trade in the form of increased TFP is  X  ii  − θ(1−γ)/β .

22 Independently, Andrea Finicelli, Patrizio Pagano, and Massimo Sbracia (2009) developed a similar approach to 
measure how much international competition raised manufacturing TFP for OECD countries.

23 These power terms reflect the fact that tradables operate like intermediate goods. For example, if γ =  0, then this 
expression is similar to an open-economy version of Jones (2008), with technology differences amplified to the power 
1/β reflecting a multiplier because intermediates are used to produce intermediates. In my model, this multiplier is 
dampened because tradables are only 1 − γ of total output.

Table 4—Income Differences with Counterfactual Trade Costs

Baseline Autarky  min( τ ij , τ ji ) OECD τ   τ ij  =  1 

var [log(y)] 1.30 1.35 1.05 1.13 0.76

 y 90  /  y 10  25.7 23.5 17.3 19.8 11.4

Mean change in y, percent  —  − 10.5 24.2 10.0 128.0
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Application I: The Income-Size Elasticity Puzzle



Krugman Models (δ = 1; η = 0)

Wi = Ai×λ
−1
ε

ii ×τ
−1
ii ×

(
fei
)−1

ε×L
1
σ−1
i

12 / 28



Krugman Models (δ = 1; η = 0)

Wi = Ai×λ
−1
ε

ii ×τ
−1
ii ×

(
fei
)−1

ε ×L
1
σ−1
i
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to Entry
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Ramondo, Rodríguez-Clare, Saborío-Rodríguez (2016, AER)
The Income-Size Elasticity Puzzle

– Quantitative trade models predicts that even after controlling for trade

openness (i.e., λii)

∂ ln Real GDP p/ci
∂ ln Population Sizei

≡ ∂ lnWi
∂ lnLi

=
1

σ− 1
> 0

– Actual data indicate that after controlling for trade openness:

∂ ln Real GDP p/ci
∂ ln Population Sizei

≈ 0

13 / 28



Ramondo, Rodríguez-Clare, Saborío-Rodríguez (2016, AER)
– The income-size elasticity puzzle can be partially explained by the fact

that domestic trade frictions are higher in larger countries: ∂ lnτii
∂ lnLi

> 0
3172 THE AMERICAN ECONOMIC REVIEW OCTOBER 2016

export shares are considered; and the share of total intraregional trade in total domes-
tic trade for Canada—the other country for which we have these trade data—is 0.77 
in the model and 0.79 in the data (computed using trade between 13 Canadian prov-
inces, for 2007, from British Columbia Statistics).19

What are the implications of our calibrated model for domestic trade costs? For 
expositional purposes only, we aggregate our calibrated domestic trade costs at the 
country level using a procedure in Agnosteva, Anderson, and Yotov (2014),

(14)   τ nn   =   ∑ 
m∈ Ω n  

   ( l m  / L n  )  (  ∑ 
k≠m, k∈ Ω n  

   ( l k  / L n  ) d  mk  −θ )    −1/θ . 

Figure 2 shows this index against our measure of country size, relative to the United 
States. Larger countries have larger domestic trade costs among its regions: the cor-
relation between   τ nn    and our measure of country size (  ϕ n   L n   ) is 0.70, and 0.86 if we 
consider the number of regions in each country,   M n   . For instance, while a small coun-
try like Denmark has   τ DNK, DNK   , almost one-half of the US level, a large country like 
Japan has   τ JPN, JPN    of around 70 percent of the US level. The six smallest countries 
in our sample have domestic costs that are one-half of the US level, while the corre-
sponding number for the six largest countries is 75 percent. The fact that domestic 
trade costs are increasing in country size already suggests that these costs will under-
mine the strength of aggregate scale effects; by how much is what we analyze next.

Finally, our estimates of domestic trade costs can be compared with estimates 
coming from the index developed by Head and Ries (2001) applied to domestic 

19 If we use the data on regional trade flows for the European Union, estimated by Thissen, Diodato, and 
van Oort (2013), to compute the intraregional share for the 15 EU countries in our sample, our calibrated model 
captures 90 percent of the variation observed in that data. 

Figure 2. Domestic Trade Costs: Calibration

Notes: Panel A: domestic frictions in symmetric model refer to   τ nn    calculated using (11); in general model, they 
refer to   τ nn    calculated applying the aggregation in (14) to the calibrated domestic costs   d mk   . R&D-adjusted country 
size refers to   ϕ n     L n   , where   ϕ n    is the share of R&D employment and   L n    is equipped labor. Panel B: The Head and Ries 
index refers to: in the data,   d  mk  

hr    ≡    (( x mk    x km  )/( x kk    x mm  ))    −1/(2θ)  ; in the model, the expression in (13). Both  variables 
are calculated for 55 metropolitan areas in the United States.
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– Real income p/c in country i

Wi = Ai τ
−1
ii λ

−1
ε

ii (fei )
−1
ε L

1
σ−1
i

– The conditional elasticity of real income p/c w.r.t. population size

∂ lnWi

∂ lnLi
| λii =

1
σ− 1

−
∂ ln τii
∂ lnLi︸ ︷︷ ︸
>0

– So, accounting for domestic trade frictions lowers the predicted

income-size elasticity.



Ramondo, Rodríguez-Clare, Saborío-Rodríguez (2016, AER)
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does not help much in bringing the model closer to the data. For example, the rela-
tive real wage for Denmark is  38  percent, only a small improvement over the model 
with only scale effects. A similarly small improvement is obtained for the six small-
est countries (from  30  to  33  percent), while the income-size elasticity is 0.22 (stan-
dard error 0.007).

It is important to clarify that, as expected, small countries do gain more from 
trade than large countries (see column 6 in Table A1 in the online Appendix). It 
is just that these gains are not large enough to have a substantial effect in closing 
the gap between the model with only scale effects and the data. Continuing with 
our previous example, Denmark has much larger gains from trade than the United 
States (22 versus 2.2 percent), but this almost ten-fold higher gains only increase its 
implied relative real wage from 33 to 38 percent.20

Comparing the dots and stars in Figure 3 reveals that the main contribution in 
getting the full model to better match the data comes from adding domestic trade 
costs. The mechanism comes from the fact that domestic trade costs are higher for 
larger countries, and hence they undermine scale effects. Again, for Denmark, our 
full model implies a relative real wage of  80  percent, much closer to the  94   percent 
observed in the data than the  33  percent implied by the model with only scale effects. 
A similar pattern is found for the six smallest countries in the sample: the full model 
is able to close by more than one-half the gap in the real wage between the data and 
the model with only scale effects, while openness to trade only closes such gap by 
around four percent. More generally, inspecting the income-size elasticity implied 
by the full model reveals that, even though still significantly positive (0.13, standard 

20 The gains from trade are calculated, in the general model with domestic frictions, as the average change in 
real wages, across regions in country  n , from autarky to openness to trade, weighted by the population share of each 
region. See Ramondo, Rodríguez-Clare, and Saborío-Rodríguez (2014) for a theoretical derivation of these gains 
under the general case in which labor is mobile across regions. 

Figure 3. Scale Effects, Trade Openness, and Domestic Trade Costs (Relative to US in logs)
Note: R&D-adjusted country size refers to   ϕ n     L n   , where   ϕ n    is the share of R&D employment and   L n    is equipped 
labor.
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Domestic Trade Friction do not Fully Resolve the Puzzle!
Explanation 1

– Ai or fei are correlated with Li (no convincing evidence for this!)

Explanation 2 (Lashkaripour & Lugovskyy, 2019)

– Trade models artificially assume that

degree of firm-level market power = degree of love-for-variety

– The above assumption imposes that

∂ lnWi/∂ lnLi = 1/trade elasticity

– Using micro-level data we can separately estimate (a) the degree of

firm-level market power, and (b) the degree of love-for-variety:

∂ lnWi/∂ lnLi ≈ 0.65/trade elasticity
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Standard Krugman Model
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Krugman + Domestic Trade Frictions
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Krugman + DTF + Micro-Estimated Scale Elasticity
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The Exact Hat-Algebra Approach



Definition of Equilibrium

– In the class of models we considered, equilibrium is a vector of wages

w = {wi} that satisfy

wiLi =

N∑
j=1

λij(w)wjLj, ∀i

where

λij(w) =
χij (τijwi)

−ε∑N
`=1 χ`j (τ`jw`)

−ε

– χij, Li, and ε are structural parameters that do not vary with τji.
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Hat-Algebra Notation

– For any variable, let x denote the factual value and x ′ denote the

counterfactual value.

– Define x̂ as follows:

x̂ ≡ x
′

x

– Example: suppose countries i and j sign an agreement that lowers

the bilateral trade cost by 20% =⇒ τ̂ji = τ̂ij = 0.8
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The Counterfactual Equilibrium in Hat-Algebra Notation

– Policy change of interest: {τ̂ji}

– Given (a) the multiplicatively separability of the gravity equation and

(b) that fact that χ ′
ji = χji, we can write

λ ′ji =
χji (τ̂jiτjiŵjwj)

−ε∑N
`=1 χ`i (τ`iτ̂`iŵ`w`)

−ε
=

λji (τ̂jiŵj)
−ε∑N

`=1 λ`i (τ̂`iŵ`)
−ε

– Balanced trade in the counterfactual equilibrium:

ŵiwi︸ ︷︷ ︸
w ′
i

Li =

N∑
j=1

λij (τ̂ijŵi)
−ε∑N

`=1 λ`j (τ̂`jŵ`)
−ε︸ ︷︷ ︸

λ ′ij

ŵjwj︸ ︷︷ ︸
w ′
j

Lj
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−ε

– Balanced trade in the counterfactual equilibrium:
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Solving for Wage and Welfare Effects

– The following system involves N equations and N unknowns, {ŵi}:

ŵiwiLi =

N∑
j=1

λij (τ̂ijŵi)
−ε∑N

`=1 λ`j (τ̂`jŵ`)
−ε
ŵjwjLj

– wiLi and λji, are observable; ε is estimable.

– The solution, {ŵi}, automatically determines the gains from policy:

Ŵi = λ̂
−1
ε

ii =
ŵi(∑N

`=1 λ`i (τ̂`iŵ`)
−ε
)−1/ε
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Example: the US and the Rest of the World

– Two countries: US (i = 1) and ROW (i = 2)

λ =

[
0.88 0.98

0.12 0.02

]
; Yscaled =

[
1

4

]

– Suppose international trade costs fall by 20%:

τ̂ =

[
1 0.8

0.8 1

]
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Example: the US and the Rest of the World
– System of equations characterizing balanced trade :

ŵ1 =
0.88 (ŵ1)

−ε

0.88 (ŵ1)
−ε + 0.12 (0.8 · ŵ2)

−ε ŵ1+
0.02 (0.8 · ŵ1)

−ε

0.02 (0.8 · ŵ1)
−ε + 0.98 (ŵ2)

−ε ŵ2·4

ŵ2·4 =
0.12 (0.8 · ŵ1)

−ε

0.88 (ŵ1)
−ε + 0.12 (0.8 · ŵ2)

−ε ŵ1+
0.98 (ŵ1)

−ε

0.02 (0.8 · ŵ1)
−ε + 0.98 (ŵ2)

−ε ŵ2·4

– Assuming ε = 5, solving the system implies1

ŵ =

[
0.982

1.006

]
=⇒ %∆W =

[
3.79%

0.96%

]

1See Canvas for the Matlab code that generates these numbers.
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Discussion

– Note that the choice of micro-foundation is inconsequential for the

numbers produced on the previous slide!

– So, the ACR2012 argument applies irrespective of what

counterfactual policy analysis we wish to conduct.

– What is key is the CES assumption, which ensures multiplicative

separability.

– Adao, Costinot, and Donaldson (2018, AER) present a technique to

perform counterfactual analyses without the CES assumption.
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