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Overview of Lecture

- This lecture reviews a multi-industry Ricardo-Roymodel with multiples types of workers.

- international specialization across industries à la Ricardo

- allocation of workers across industries à la Roy

- Main implications
- The aggregate gains from trade are larger...

- ... but trade creates winners and losers (complements a rich empirical literature).

- Main References:
- parametric Ricardo-Roy model: Galle, Rodrıguez-Clare, Yi (2023, ReStud)

- non-parametric Ricardo-Roy model: Costinot and Vogel (2015, ARE)
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Background: The China Syndrome

- Autor, Dorn and Hanson’s paper in the AER 2013
- over 5000 Google Scholar citations

- Frequent mention in major newspapers and magazines

- Major finding: decline in wages and employment for regions most exposed to import competition
from China.

- However, the ADH methodology can only identify relative effects...
- higher imports also imply gains via lower prices for all

- what are the absolute effects? are groups better or worse off?

- need a structural general equilibrium model to answer these questions
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Environment

- n, i = 1, ..., N countries

- k = 1, ..., K industries

- Labor is the only factor of production

- g = 1, ..., G groups of workers

- L̄i,g denotes the total number of group g workers in Country i.
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Birdseye View of Model

Demand and Supply of Final Goods

- Governed by a multi-industry gravity model, à la Eaton-Kortum or equivalently Armington.

Key Departures from the Standard Multi-Industry Model

- Workers have heterogeneous abilities.

- Different industries within a country offer varying wages.

- Workers sort into industries to maximize their productivity×wage, following the Roy model.
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Demand for Final Goods

- Cobb-Douglas utility aggregator across industries:

Ui (Qi) = ∏
k

(
Qi,k

βi,k

)βi,k

implying a constant share βi,k of expenditure on industry k goods.

- CES utility aggregator across a continuum of goods ω ∈ Ωk within industry k:

Qk (q) =
(∫

ω∈Ωk

q(ω)
σk−1

σk dω

) σk
σk−1

- goods ω ∈ Ωk are internationally homogeneous−→ each good is purchased from the country
supplying it at the lowest price.
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Supply of Final Goods (Eaton & Kortum, 2002)

- The price at which country n can supply good ω ∈ Ωk to market i

pni,k(ω) = τni,kwn,k/zn,k(ω)

where productivities, z(ω), are distributed Fréchet:Pr {zn,k(ω) ≤ z} = exp
(
−Tn,kz−θ

)
.

- Country i buys good ω from the cheapest supplier−→ the share of country i’s spending on
country n goods is

λni,k (wk) =
Tn,k (τni,kwn,k)

−θk

∑ℓ Tℓ,k (τℓi,kwℓ,k)
−θk

wherewk ≡ {wn,k}n is a vector describing thewage per efficiency units across different
countries in industry k.
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Demand for Labor Services: Ricardian

- Demand for labor efficiency units in industry k of country i1

ED
i,k(wk) ≡

1
wi,k

N

∑
n=1

λin,k (wk) βn,kEn

- The above equation reflected that fact that labor markets are efficient, so

Wage Payments ∼ w × efficiency units = Total Sales

1En denotes total expenditure in country n, which, as we will see shortly, equates total income from wages, Yi , since
their is no deficit.
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Supply of Labor: Roy Model

Heterogeneous workers within countries:

- There is a constant measure L̄i,g of group g workers in country i.

- Each individual ι from group g independently draws an efficiency vector

z(ι) = {z1(ι), ..., zK(ι)} from the following GEV distribution:

Fi,g(z) = exp

(
−

K

∑
k=1

ai,gkz−κg
k

)

Discrete choice problem facing individual ι:

- choose the industry where their wage income is maximized given their productivity, z (ι):

indidviual ι’s income = max {wi,1z1(ι), ..., wi,KzK(ι)}
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Supply of Labor: Roy Model

- Theorem of Extreme Value−→ share of group g workers in country i that choose to work in

industry k is

πi,gk(wi) =
ai,gk wκg

i,k

∑s ai,gs wκg
i,s

- Intuition: worker type g is more likely to choose industry k if

- they are inherently more capable in that industry (reflected in a high-ai,gk)

- industry k pays higher wages (reflected in a high-wi,k).
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Supply of Labor: Roy Model

- The total supply of efficiency units by group g workers to industry k:

ES
i,kg = πi,gk(wi) ei,gk(wi) L̄i,g

where the average productivity of group g workers that select industry k is

ei,gk(wi) = Γ
(

κg − 1
κg

)
a

1
κg
i,gk πi,gk(wi)

− 1
κg

- Intuition: a higher πi,gk means that more group g workers are choosing industry k, which
implies that less productive individuals are choosing industry k (presumably dues to higher
wages)−→ lower avg. productivity.
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Supply of Labor: Roy Model

- The total supply of efficiency units by group g workers to industry k:

ES
i,gk (wi) = πi,gk(wi) ei,gk(wi)︸ ︷︷ ︸

avg. productivity

L̄i,g

where the average productivity of group g workers that select industry k is

ei,gk(wi) = Γ
(

κg − 1
κg

)
a

1
κg
i,gk πi,gk(wi)

− 1
κg

- A limitation of the model: the avg. income of group g workers is equalized across industries:

yi,g = wi,kei,gk =

(
∑
k

ai,gkwκg
i,k

) 1
κg
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Labor Market Clearing Condition

- Equilibrium is a N × K vector of wage,w ≡ {wi,k} that satisfy N × K labor market clearing

conditions:

∑
g

ei,gk(wi)πi,gk(wi)L̄i,g

︸ ︷︷ ︸
Supply (∑g ES

i,gk)

=
1

wi,k
∑
n

λin,k(wk)βn,kYn(wn)

︸ ︷︷ ︸
Demand (ED

i,k)

- Total expenditure in country i equals wage income, Ei = Yi (wi), where

Yi(wi) = ∑
k

∑
g

wi,kES
i,gk (wi)
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Welfare Analysis

- The average real income per worker in group g is

Wi,g =
yi,g

Pi
, where Pi,k =

K

∏
k=1

Pβi,k
i,k

- Pi,k = ξk

[
∑K

n=1 Tn,k (τni,kwn,k)
−θk
]− 1

θk is the price index as in Eaton-Kortum

- ξk ≡ Γ
(

θk−σk+1
σk−1

) 1
σk−1 is a constant shifter

Note: the expenditure shares (βi,k) and price index Pi are assumed to be common across groups:

- however, there is evidence that the share of expenditure (β) on tradable goods is higher among
low-income groups (Fajgelbaum and Khandelwal, 2016 QJE)
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Welfare Effects of Trade Shocks (group-specific)
- Change in domestic expenditure and employment shares:

λ̂ii,k =
ŵ−θk

i,k

∑n λni,k (τ̂ni,kŵn,k)
−θk

=

(
ŵi,k

P̂i,k

)−θk

−→ ŵi,k

P̂i,k
= λ̂

− 1
θk

ii,k [∗]

π̂i,gk =
ŵκg

i,k

∑n πi,gkŵκg
i,g

=

(
ŵi,k

ŷi,g

)κg

−→ ŷi,g

ŵi,k
= π̂

− 1
κg

i,gk [∗∗]

- Following equations [∗] and [∗∗], the welfare effects of a trade shock are determined by two

sufficient ststaitics (changes in domestic expenditure and employment shares):

Ŵi,g = ∏
k

(
ŵi,k

P̂i,k

ŷi,g

ŵi,k

)βi,k

= ∏
k

λ̂
− βi,k

θk
ii,k π̂

− βi,k
κg

i,kg
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Aggregate Welfare Effects of Trade Shocks

- The change in aggregate welfare is the income-weighted change in group-level welfare levels:

Ŵi ≡
Ŷi

P̂i
= ∑

g∈Gi

Yi,g

Yi
Ŵi,g

- Plugging the previously-derived expression for Ŵi,g into the above equation yields

Ŵi = ∏
k

(
λ̂
− βi,k

θk
ii,k

)
·
(

∑
g

Yi,g

Yi
∏

k
π̂

− βi,k
κg

i,kg

)
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Special Case: κg → 1

- If κg → 1, the model has the same welfare and counterfactual implications as the model in
which labour is sector specific.

- The effect of trade shocks on group g workers relative to the rest of the economy:

lim
κ→1

Ŵi,g

Ŵi
≈
(

∑
k

πi,kgr̂i,k

) 1
κ

ri,k ≡
Yi,k

Yi

- Exposure to the shock is determined by the employment share in various industries (π)
interacted with how these industries expand or shrink (r̂) in response to the shock

- The exposure measure, ∑k πi,kgr̂i,k, has a shift-share structure
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Proposition (Galle, Rodrıguez-Clare, Yi)

Assume that κg = κ for all g, then the aggregate gains from trade are strictly higher

than those that arise in the single factor model (that arise in the limit as κ → ∞)

Ŵi = ∏
k

(
λ̂
− βi,k

θk
ii,k

)
·
(

∑
g

Yi,g

Yi
∏

k
π̂

βi,k
κ

i,kg

)
> ∏

k

(
λ̂
− βi,k

θk
ii,k

)

︸ ︷︷ ︸
GT in single factor model
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Performing Counterfactuals using Exact Hat-Algebra
- If the economy is exposed to a change in trade costs, {τ̂in,k} or technology levels {T̂i,k}, then
counterfactual outcomes can be solved using the following system of NK equations and
unknowns (ŵi,k):

∑
g

π̂i,gk (ŵi)
1− 1

κg Yi,gk =
1

ŵi,k
∑
n

λ̂in,k (ŵk) λin,k βn,kŶn (ŵi)Yn

where Yi,gk ≡ wi,kπi,gkLi,g and the hat-functions are given by:





Ŷi(ŵi)Yi = ∑g
(
∑k πi,kgŵi,k

κg
)

Yi,g

π̂i,gk (ŵk) =
ŵi,k

κg

∑s πi,gsŵi,s
κg

λ̂in,k (ŵk) =
T̂i,k(τ̂in,kŵn,k)

−θk

∑j λjn,k T̂j,k(τ̂ji,kŵj,k)
−θk
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First Application: The Rise of Chinese Exports (T̂China)2
22 GALLE - RODRı́GUEZ-CLARE - YI

Table 2: The Welfare Effects of the China Shock on the US

 Aggregate Mean CV Min. Max. ACR

! 1 0.24 0.30 1.40 -1.73 2.32 0.14

1.5 0.22 0.27 1.16 -1.42 1.64 0.15

3 0.20 0.24 0.80 -0.90 0.97 0.16

! 1 0.20 0.20 0 0.20 0.20 0.20

The first column displays the aggregate welfare effect of the China shock for the US, in percentage
terms 100(cWUS � 1), and the second column shows the mean welfare effect: 100( 1

G

P
g
cWUS,g � 1).

The third column shows the coefficient of variation (CV), and for the fourth and fifth column we have
Min.⌘ ming 100(cWUS,g � 1) and Max.⌘ maxg 100(cWUS,g � 1), respectively. The final column displays the

multi-sector ACR term 100
⇣Q

s
b���US,s/✓s

US,US,s � 1
⌘

. The values for T̂China,s are calibrated for  = 1.5.

groups of 0.27%.28 The CV is 116%, and the range is [�1.42%, 1.64%]. While 18 groups

lose more than 0.5% of their real income, 99 groups gain more than 0.5% of their in-

come. In total, 85% of groups, representing 84% of the population, experience positive

gains from the rise of China (see Appendix Figure A.1, panel b).

There is a strong geographical correlation in the gains and losses from the China

shock, as is clear from Figure 1, which plots the geographical distribution of the welfare

effects from this shock. In the Eastern half of the country, largely excluding the coastal

commuting zones, many groups experience below median gains. Particularly in the

North East and in Central and Southern Appalachia, there is a strong concentration of

commuting zones in the bottom third of the gains distribution.29

The distributional impact of the China shock depends on , as a lower  leads to

higher dispersion in the gains from trade due to a stronger pattern of worker-level com-

parative advantage. The simulation results confirm this theoretical prediction, as both

the CV and the difference between maximal and minimal ŴUS,g tend to zero as  ap-

proaches infinity (see Table 2). For  ! 1, the CV reaches a maximum at 140%, and the

28To provide context for this number, Hsieh and Ossa (2016) find welfare gains for the US between 0 and
0.03%. The difference with our results is likely due to the fact that we calibrate Chinese technology growth
to fit predicted Chinese exports, whereas Hsieh and Ossa (2016) calculate technological growth based on
firm-level data.

29Our quantitative analysis assumes that the effect of the China shock on prices are the same across
groups. This is consistent with (Bai and Stumpner 2017), who find “no evidence for heterogeneous effects
across consumer groups by income or region.”

- T̂China,k is inferred from China’s export growth to global markets.

- A worker group g is defined as a group of workers residing in one of the 722 commuting zones
in the US.

2Source: Galle, Rodriguez-Clare, Yi, 2018.
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Figure 1: Geographical distribution of the welfare gains from the rise of China

This figure plots the geographic distribution of 100(Ŵg � 1), where Ŵg are the welfare effects for group g
in the US from the counterfactual rise of China, for our preferred value of  = 1.5.

range is [�1.73%, 2.32%]. Table 2 also shows that for   3 there are groups who lose

substantially from the rise of China.30,31

5.3 Import competition and income

In Section 2.6, we showed we can approximate changes in relative income by our Bartik

measure of import competition: ln(Ŷg/Ŷ ) ⇡ 1
 ln

P
s ⇡gsr̂s = � 1

 ln Îg. We check the

accuracy of this approximation for the calibrated China shock by using the model to

compute the implied group-level income changes for different values of  and then

running the following regression on the simulated data:

ln ŷg = ↵ + � ln
X

s

⇡gsr̂s + "g. (22)

30Appendix Figure A.1 visualizes how  governs the distributional impact of the China shock by plotting
the full distribution of ŴUS,g for different values of .

31In the final column, we notice that  indirectly also affects the multi-sector ACR term, even though
T̂China,s is held constant. This is because  affects wage changes in all countries and thereby also the
changes in expenditure shares �̂jjs.
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Figure 2

Inequality-adjusted welfare effects of the China shock

Notes: (a) The relationship between the inequality-adjusted welfare effects of the rise of China ÛUS ≡
(∑

gωgŴ1−ρ
g

) 1
1−ρ and ρ. Here,

ρ is the coefficient of relative risk aversion for the agent behind the veil of ignorance and ωg ≡ lg
(
Yg/Lg

)1−ρ
∑

h lh
(
Yh/Lh

)1−ρ a modified weight for

group g. The vertical axis displays 100(ÛUS −1). (b) The relationship between ln Îg = ln(
∑

sπigsr̂is)−1, our measure for the change in
regional import-competition (computed for κ=1.5), and the logarithm of a group’s average income per worker. The solid line displays the
linear fit for this relationship, with each commuting zone weighted by its population size. The size of a circle indicates the population size
for that commuting zone.

relative income across groups (see Supplementary Appendix Table D.8). Although high standard
errors on the estimated coefficient prohibit us from making strong inferences for the associated
values for κ , the implied value for κ is not significantly different from our estimated value of
κ=1.5.

5.4. Inequality-adjusted welfare effect

We summarize the aggregate and distributional welfare effects of the rise of China for the US
by computing the inequality-adjusted welfare effect from equation (19) (see Figure 2a). The
consensus in the literature is that plausible values for the coefficient of inequality aversion ρ are
between 1 and 3.47 For these values and for κ=1.5, the inequality-adjusted welfare effect of
the rise of China is around 0.23%, which is slightly above the inequality neutral welfare gain of
0.22%. This finding is driven by a positive but small correlation between groups’ income and the
change in import competition they experience, as is clear from the weighted linear fit between
ln ŷg and ln Îg in Figure 2b.

6. GAINS FROM TRADE

In this section, we compute the aggregate and group-level gains from trade as described in Section
2, i.e., by computing the negative of the proportional gains from a counterfactual move back to

47. For instance, using agents’ intertemporal elasticity of substitution to estimate the curvature parameter, Lucas
(2003) argues that ρ≈1, while a review of the literature leads Hall (2009) to the conclusion that ρ=2. An alternative
approach is to calibrate ρ based on people’s aversion to risk. Using an indirect approach based on the labour supply
elasticity, Chetty (2006) finds that ρ<2, while more direct estimates based on people’s decisions under uncertainty range
from ρ=1 in Bombardini and Trebbi (2012) to ρ≈3 in Paravisini, Rappoport and Ravina (2016).
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- ÛUS =
[
∑g ωgŴ1−ρ

g

] 1
1−ρ where ωg is the theory-implied welfare weight

- ρ is the coefficient of relative risk aversion for the agent behind the veil of ignorance

- Îg = ∑k πigk r̂i,k is the model-implied measure of exposure to the China shock
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6 Gains from Trade

In this section we compute the aggregate and group-level gains from trade as described

in Section 2, i.e., by computing the negative of the proportional gains from a counter-

factual move back to autarky. Table 3 summarizes the results. For our estimated value

of  = 1.5, the aggregate gains from trade with no inequality aversion are 1.56%. As

suggested by the theory, the gains from trade decrease with , but the effect is small,

going from 1.61% for  = 1 to 1.45% for  ! 1.

As in the analysis of the China shock, the main effect of  is on the distribution of

the gains from trade across groups, with the CV decreasing from 82% for  = 1 to 0 for

 ! 1. For our preferred value of  = 1.5, the CV is 58%, and the range is [-4.19, 2.97].

The distribution of gains is skewed to the left with a long tail of low gains, but only 6%

of the groups lose from trade (see Appendix Figure A.3).

Table 3: Aggregate and Group-level Gains from Trade

 Aggregate Mean CV Min. Max. ACR

! 1 1.61 1.65 0.82 -6.98 3.72 1.45

1.5 1.56 1.59 0.58 -4.19 2.97 1.45

3 1.51 1.52 0.31 -1.38 2.22 1.45

! 1 1.45 1.45 0 1.45 1.45 1.45

The first column displays the aggregate gains from trade for the US, in percentage terms (100(1 � cWUS))
and the second column shows the mean welfare effect: 100( 1

G

P
g 1 � cWUS,g). Here, cWUS and cWUS,g

are the aggregate and group-level welfare change from a return to autarky for the US. The third column
shows the coefficient of variation (CV), and for the fourth and fifth column we have Min.= ming 100(1 �
cWUS,g) and Max.=maxg 100(1�cWUS,g), respectively. The final column displays the multi-sector ACR term

100
⇣
1 �Q

s
b���US,s/✓s

US,US,s

⌘
.

As implied by the analysis above (Sections 2.6 and 5.3), our Bartik measure of import

competition Ig ⌘ P
⇡gs

�s

rs
perfectly ranks groups in terms of winners and losers from

trade for all values of  (see Appendix Figure A.4). The textile industry faces the highest

degree of import competition (with �s

rs
= 1.52; Appendix Table A.1), so groups particu-

larly specialized in this industry will gain the least. Interestingly, there is a large region

with heavy concentration of groups facing particularly strong import-competition - in

- The gains for the US are calculated by setting τ̂USA,k → ∞.

- A worker group g is defined as a group of workers residing in one of the 722 commuting zones
in the US.
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part due to specialization in the textile industry - centered around the South-Central

and Southern Appalachia regions (see Figure 5).

Figure 5: Geographical Distribution of the Gains from Trade

This figure plots the geographic distribution of 100(1 � Ŵg), where Ŵg are the welfare effects for group g
in the US from a return to autarky for our preferred value of  = 1.5.

Figure 6 shows that for ⇢ > 0, the inequality-adjusted gains from trade are higher

than the standard gains, IGT > GT , and that IGT increases with ⇢. This is a reflec-

tion of the fact that, as illustrated in Figure 7, the large majority of low-income groups

experiences negative degrees of import-competition under free trade (ln Ig < 0).
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