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without circling back to GTAP’s 13,000 parameters?
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analysis

2. Nonparametric generalization of standard gravity tools:
• Dekle, Eaton and Kortum (2008): exact hat algebra
• Arkolakis, Costinot, and Rodriguez-Clare (2012): welfare gains
• Head and Ries (2001): trade costs

3. Reduced factor demand system is nonparametrically identified
using standard data and orthogonality restrictions
4. Empirical application: What was the impact of China’s
integration into the world economy in the past two decades?
• Departures from CES modeled in the spirit of BLP (1995)
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Neoclassical Trade Model
• i = 1, ..., I countries
• k = 1, ..., K goods
• n = 1, ..., N factors
• Goods consumed in country i:

qi ≡ {qjik }
• Factors used in country i to produce good k for country j:

lijk ≡ {ljink }

Neoclassical Trade Model

• Preferences:

• Technology:

• Factor endowments:

ui = ui (qi )

qijk = fijk (lijk )

νin > 0

Competitive Equilibrium
A q ≡ {qi }, l ≡ {li }, p ≡ {pi }, and w ≡ {wi } such that:
1. Consumers maximize their utility:
qi ∈ argmaxq̃i ui (q̃i )
X
X
win νin for all i;
pjik q̃jik ≤
n

j,k

2. Firms maximize their profits:
lijk ∈ argmaxl˜k {pijk fijk (l˜ijk ) −

X

ij

n

win l˜ijnk } for all i, j, and k;

3. Goods markets clear:
qijk = fijk (lijk ) for all i, j, and k;
4. Factors markets clear:
X
j,k

lijnk = νin for all i and n.

Reduced Exchange Model
• Fictitious endowment economy in which consumers directly

exchange factor services

• Taylor (1938), Rader (1972), Wilson (1980), Mas-Colell (1991)

• Reduced preferences over primary factors of production:

Ui (Li ) ≡ maxq̃i ,l˜i ui (q̃i )
q̃jik ≤ fjik (l˜jik ) for all j and k,
X
l˜jink ≤ Lnji for all j and n,
k

Reduced Equilibrium
Corresponds to L ≡ {Li } and w ≡ {wi } such that:
1. Consumers maximize their reduced utility:
Li ∈ argmaxL̃i Ui (L̃i )
X
X
wjn L˜nji ≤
win νin for all i;
j,n

2. Factor markets clear:
X
j

n

Lnij = νin for all i and n.

Equivalence

• Proposition 1: For any competitive equilibrium, (q, l , p, w ),

there exists a reduced equilibrium, (L, w ), with:

1. the same factor prices, w ;
P
2. the same factor content of trade, Lnji = k ljink for all i, j, and n;
3. the same welfare levels, Ui (Li ) = ui (qi ) for all i.

Conversely, for any reduced equilibrium, (L, w ), there exists a
competitive equilibrium, (q, l , p, w ), such that 1-3 hold.

Equivalence
• Comments:
• Proof is similar to First and Second Welfare Theorems. Key
distinction is that standard Welfare Theorems go from CE to
global planner’s problem, whereas RE remains a decentralized
equilibrium (but one in which countries fictitiously trade factor
services and budget is balanced country by country).
• Key implication of Prop. 1: If one is interested in the factor

content of trade, factor prices and/or welfare, then one can always
study a RE instead of a CE. One doesn’t need direct knowledge of
primitives u and f but only of how these indirectly shape U.
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Reduced Counterfactuals

• Suppose that the reduced utility function over primary factors in

this economy can be parametrized as

Ui (Li ) ≡ Ūi ({Lnji /τjin }),
where τjin > 0 are exogenous preference shocks
• Counterfactual question: What are the effects of a change

from (τ , ν) to (τ 0 , ν 0 ) on trade flows, factor prices, and welfare?

Reduced Factor Demand System
• Start from factor demand = solution of reduced UMP:

Li (w , yi |τi )
• Compute associated expenditure shares:

χi (w , yi |τi ) ≡ {{xjin }|xjin = wjn Lnji /yi for some Li ∈ Li (w , yi |τi )}
• Rearrange in terms of effective factor prices, ωi ≡ {wjn τjin }:

χi (w , yi |τi ) ≡ χi (ωi , yi )

Reduced Equilibrium
• RE:

X
j

xi ∈ χi (ωi , yi ), for all i,

xijn yj = yin , for all i and n

Reduced Equilibrium
• RE:

X

xi ∈ χi (ωi , yi ), for all i,

xijn yj = yin , for all i and n

j

• Gravity model: Reduced factor demand system is CES

(ωji )
χji (ωi , yi ) = P
, for all j and i

l (ωli )

Exact Hat Algebra
• Start from the counterfactual equilibrium:

xi0 ∈ χi (ωi0 , yi0 ) for all i,

X
(xijn )0 yj0 = (yin )0 , for all i and n.
j

Exact Hat Algebra
• Start from the counterfactual equilibrium:

xi0 ∈ χi (ωi0 , yi0 ) for all i,

X
(xijn )0 yj0 = (yin )0 , for all i and n.
j

• Rearrange in terms of proportional changes:

{x̂jin xjin } ∈ χi ({ŵjn τ̂jin ωjin },
X
j

X

x̂ijn xijn (

n

ŵjn ν̂jn yjn )

=

ŵin ν̂in yin ,

X

ŵin ν̂in yin ) for all i,

n

for all i and n.

Counterfactual Trade Flows and Factor Prices

• Wlog, pick location of preference shocks so that effective factor

prices in the initial equilibrium are equal to one in all countries,
ωjin = 1, for all i, j, and n.

Counterfactual Trade Flows and Factor Prices

• Proposition 2 Under A1, proportional changes in expenditure

shares and factor prices, x̂ and ŵ , caused by proportional
changes in preferences and endowments, τ̂ and ν̂, solve
X
{x̂jin xjin } ∈ χi ({ŵjn τ̂jin ωjin },
ŵin ν̂in yin ) ∀ i,
n

X
j

x̂ijn xijn (

X
n

ŵjn ν̂jn yjn )

=

ŵin ν̂in yin

∀ i and n.

Welfare

• Equivalent variation for country i associated with change from

(τ , ν) to (τ 0 , ν 0 ), expressed as fraction of initial income:
∆Wi = (ei (ωi , Ui0 )) − yi )/yi ,

with Ui0 = counterfactual utility and ei = expenditure function,
X
ωjin Lnji
ei (ωi , Ui0 ) ≡ minL̃i
Ūi (L̃i ) ≥ Ui0 .

Integrating Below Factor Demand Curves

• To go from χi to ∆Wi , solve system of ODEs
• For any selection {xjin (ω, y )} ∈ χi (ω, y ), Envelope Theorem:

d ln ei (ω, Ui0 )
= xjin (ω, ei (ω, Ui0 )) for all j and n.
d ln ωjn

(1)

• Budget balance in the counterfactual equilibrium

ei (ωi0 , Ui0 ) = yi0 .

(2)

Counterfactual Welfare Changes

• Proposition 3 Under A1, equivalent variation associated with

change from (τ , ν) to (τ 0 , ν 0 ) is

∆Wi = (e(ω i , Ui0 ) − yi )/yi ,
where e(·, Ui0 ) is the unique solution of (1) and (2).

Application to Neoclassical Trade Models
• Suppose that technology in neoclassical trade model satisfies:

fijk (lijk ) ≡ f¯ijk ({lijnk /τijn }), for all i, j, and k,
• Reduced utility function over primary factors of production:

Ui (Li ) ≡ maxq̃i ,l˜i ui (q̃i )
q̃jik ≤ f¯jik ({l˜jink /τ nji }) for all j and k,
X
l˜jink ≤ Lnji for all j and n.
k

• Change of variable: Ui (Li ) ≡ Ūi ({Lnji /τjin }) ⇒ factor-augmenting

productivity shocks in CE = preference shocks in RE

Taking Stock
• Propositions 2 and 3 provide a system of equations that can be

used for counterfactual and welfare analysis in RF economy.

• Proposition 1 ⇒ same system can be used in neoclassical economy.

• Gravity tools—developed for CES factor demands—extends

nonparametrically to any factor demand system

• Given data on expenditure shares and factor payments, {xjin , yin },

if one knows factor demand system, χi , then one can compute
counterfactual factor prices, aggregate trade flows, and welfare.
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Assumptions: Shocks

• Data generated by neoclassical trade model at different dates t
• At each date, preferences and technology such that:
k
/θji }), for all i,
ui,t (qi ,t ) = ūi ({qji,t
n
nk
k
}), for all i, j, and k.
/τij,t
fij,t
(lijk,t ) = f¯jik ({lij,t

• This implies the existence of a vector of effective factor prices,

n n
ω i,t ≡ {wj,t
τji,t }, such that factor demand in any country i and
at any date t can be expressed as χi (ω i,t , yi,t ).

Assumptions: Exogeneity

• Observables:
n : factor expenditure shares
1. xji,t
n : factor payments
2. yi,t
3. (z τ )nji,t : trade cost shifters
4. (z y )nji,t : trade cost shifters
• Effective factor prices, ωji,t , unobservable, but related to (z τ )nji,t :
n
n
n
+ ηji,t
, for all i, j, n, and t
lnωji,t
= ln(z τ )nji,t + ϕnji + ξj,t
n
• A1. [Exogeneity] E [ηji,t
|zt ] = 0.

Assumptions: Completeness

• Following Newey and Powell (2003), we conclude by imposing

the following completeness condition.

• A2. [Completeness] For any importer pair (i1 , i2 ), and any

function g (x i1 ,t , yi1 ,t , x i2 ,t , yi2 ,t ) with finite expectation,
E [g (x i1 ,t , yi1 ,t , x i2 ,t , yi2 ,t )|z t ] = 0 implies
g (x i1 ,t , yi1 ,t , x i2 ,t , yi2 ,t ) = 0.

• A2 = rank condition in estimation of parametric models.

Identifying Factor Demand
• Argument follows the same steps as in Berry and Haile (2014)

• A3 [Invertibility]. In any country i, for any x > 0 and y > 0,

there exists a unique vector of relative factor prices, χi −1 (x, y ),
such that all ω i satisfying x ∈ χi (ω i , yi ) also satisfy
ωjin /ω1i1 = (χnji )−1 (x, y ).

• Sufficient conditions:
• A3 holds if χi satisfies connected substitutes property (Arrow and
Hahn 1971, Howitt 1980, and Berry, Gandhi and Haile 2013)

Identifying Factor Demand
• Argument follows the same steps as in Berry and Haile (2014)

• A3 [Invertibility]. In any country i, for any x > 0 and y > 0,

there exists a unique vector of relative factor prices, χi −1 (x, y ),
such that all ω i satisfying x ∈ χi (ω i , yi ) also satisfy
ωjin /ω1i1 = (χnji )−1 (x, y ).

• Sufficient conditions:
• A3 holds if χi satisfies connected substitutes property (Arrow and
Hahn 1971, Howitt 1980, and Berry, Gandhi and Haile 2013)
• χi satisfies connected substitutes property in a Ricardian economy

if preferences satisfy connected substitutes property

Identifying Factor Demand
• A3 ⇒

n
1
ωji,t
/ω1i,t
= (χnji )−1 (x i,t , yi,t ).

n
• Taking logs and using definition of ηji,t
:
n
n
∆ηji,t
= ln(χnji )−1 (x i,t , yi,t ) − ∆ ln(z τ )nji,t − ∆ϕnji − ∆ξj,t
.

• Taking a second difference ⇒

∆ηjin1 ,t − ∆ηjin2 ,t = ln(χnji1 )−1 (x i1 ,t , yi1 ,t ) − ln(χnji2 )−1 (x i2 ,t , yi2 ,t )

− (∆ ln(z τ )nji1 ,t − ∆ ln(z τ )nji2 ,t ) − (∆ϕnji1 − ∆ϕnji2 ).

• Using A1, we obtain the following moment condition

E [ln(χnji1 )−1 (x i1 ,t , yi1 ,t ) − ln(χnji2 )−1 (x i2 ,t , yi2 ,t ) − ζjin1 i2 |z t ]
= ∆ ln(z τ )nji1 ,t − ∆ ln(z τ )nji2 ,t .

• A2 ⇒ unique solution (χ̄nj )−1 to (3) (up to a normalization)

Identifying Factor Demand

• Once the inverse factor demand is known, both factor demand

and effective factor prices are known as well, with prices being
uniquely pinned down by normalization in the initial equilibrium.

• Proposition 4 Suppose that A1-A3 hold. Then factor demand

and relative effective factor prices are identified.
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From Asymptopia...

• Our counterfactual question: What would have happened if

China had not integrated into the world economy?

• Our data:
• xji,t and yi,t from WIOD
τ = freight costs (Hummels and Lugovsky 2006, Shapiro 2014)
• zji,t
• i = Australia and USA
• t = 1995-2010
• j = 36 large exporters + ROW

... to Mixed CES
• Inspired by Berry (1994) and BLP’s (1995) work on mixed logit,

we consider the following “Mixed CES” system:
Z
σ
(κj )σα α (µji ωji,t )−(¯· )
dF (α, )
χji (ω i,t ) =
PN
σα α (µ ω )−(¯
·σ )
li li,t
l=1 (κl )

• Where:

• ωji,t = effective price for exporter j in importer i at year t;
• κj = “characteristic” of exporter j (per-capita GDP in 1995);
• F (α, ) is a bivariate distribution of parameter heterogeneity: α has
mean zero, ln  mean zero, and covariance matrix is identity

Comments
Z
χji (ω i,t ) =

σ )

(κj )σα α (µji ωji,t )−(¯·
PN

σα α (µ ω )−(¯
·σ )
li li,t
l=1 (κl )

dF (α, )

• Costs:
• Ricardian ⇒ Only cross-country price elasticities
• Homothetic preferences ⇒ Factor shares independent of income
• Benefits:
• σα = σ = 0 ⇒ CES demand system is nested
• σα 6= 0 ⇒ Departure from IIA: more similar exporters in terms of
|κj − κl | are closer substitutes
• σ 6= 0 ⇒ Departure from IIA: more similar exporters in terms of
|ωj − ωl | are closer substitutes
reduced-form results

GMM Estimation
• Start by inverting mixed CES demand system:
−1
∆ηji,t − ∆ηj1,t = ln χ−1
j (x i,t ) − ln χj (x 1,t )

−(∆ ln(z τ )ji,t − ∆ ln(z τ )j1,t ) + ζji

• Construct structural error term eji,t (θ) and solve for:

θ̂ = argminθ e(θ)0 Z ΦZe(θ)
• Parameters:
• θ ≡ (σα , σ , ¯, {ζji })
• Instruments (by A1):
τ − ln z τ )}, d
• ∆ ln(z τ )ji,t − ∆ ln(z τ )j1,t , {|κj − κl |(ln zli,t
ji,t
l1,t

Parameter Estimates
Table 2: GMM estimates of first-differenced mixed CES demand
¯

σα

σ

J-test

Panel A: CES
-5.955∗∗∗
(0.950)
Panel B: Mixed CES
(restricted heterogeneity)
Panel C: Mixed CES
(unrestricted heterogeneity)

-6.115∗∗∗
(0.918)

2.075∗∗∗
(0.817)

-6.116∗∗∗
(0.948)

2.063∗∗∗
(0.916)

1.000

0.003
(0.248)

1.000

Notes: Sample of 576 first-differenced exporter-importer-year triples between 1995 and 2010 (normalizing country is the USA). Importers: Australia. All models include a full set of dummy variables for importer-exporter. One-step GMM estimator described in Appendix B. Standard errors
clustered by 36 exporter-importer paris are reported in parentheses. The last column reports the
p-value of the J-test. ∗∗∗ p < 0.01.
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Estimates of Chinese Trade Costs
• Non-parametric generalization of Head and Ries (2001) index:

(χ̄j −1 (x i,t )/χ̄−1
(τji,t /τii,t )
i (x i,t ))
=
, for all i, j, and t.
−1
−1
(τjj,t /τij,t )
(χ̄j (x j,t )/χ̄i (x j,t ))
• To go from (log-)difference-in-differences to levels of trade costs:

τii,t /τii,95 = 1 for all i and t,
τij,t /τij,95 = τji,t /τji,95 for all t if i or j is China.

−20

−15

Percentage Change
−10
−5

0

5

Estimates of Chinese Trade Costs

1995

2000
CES (standard gravity)

2005

2010
Mixed CES

Figure 2: Average trade cost changes since 1995: China, 1996-2011.
Notes: Arithmetic average across all trading partners in the percentage reduction in Chinese trade costs between 1995 and each year t = 1996, . . . , 2011. “CES (standard gravity)” and “Mixed CES” plot the estimates
of trade costs obtained using the factor demand system in Panels A and C, respectively, of Table 2.
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τ̂ji,t = τji,95 /τji,t , if i or j is China,
τ̂ji,t = 1, otherwise.

1995

2000
CES (standard gravity)
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Figure 3: Welfare gains from Chinese integration since 1995: China, 1996-2011.
Notes: Welfare gains in China from reduction in Chinese trade costs relative to 1995 in each year t =
1996, . . . , 2011. CES (standard gravity) and Mixed CES plot the estimates of welfare changes obtained using
the factor demand system in Panels A and C, respectively, of Table 2.
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Figure 3: Welfare gains from Chinese integration since 1995: China, 1996-2011.

τ̂ji,t=2007 = τji,95 /τji,t=2007 , if i or j is China,
τ̂
= 1, otherwise.
1

Notes: Welfare gains in China from reduction in Chinese trade costs relative to 1995 in each year t =
1996, . . . , 2011. CES (standard gravity) and Mixed CES plot the estimates of welfare changes obtained using
ji,t=2007
the factor demand
system in Panels A and C, respectively, of Table 2.
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Figure 4: Welfare gains from Chinese integration since 1995: other countries, 2007.
Notes: Welfare gains in other countries from reduction in Chinese trade costs relative to 1995 in year t =
2007. “CES (standard gravity)” and “Mixed CES” plot the estimates of welfare changes obtained using the
factor demand system in Panels A and C, respectively, of Table 2. The solid red line shows the line of best
fit through the Mixed CES points, and the dashed blue line the equivalent for the CES case. Bootstrapped
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Summary
• Knowledge of reduced factor demand system is sufficient for

answering many counterfactual questions

• Away from CES, we obtain:
• Nonparametric generalizations of standard gravity tools
• Nonparametric identification from standard data
• This approach to counterfactual analysis allows us to:
• Think about complex GE trading environments using simple
economics of (factor) supply and demand
• Use standard tools from IO to estimate (factor) demand
• Other applications:
• Distributional consequences of trade
• Revealed comparative advantage

Reduced-Form Estimates

Table 1: Reduced-Form Estimates: Violation of IIA in Gravity Estimation
Dependent variable: log(exports)
log(freight cost)

(1)

(2)

(3)

(4)

-6.103**
(1.046)

-6.347**
(1.259)

-1.301**
(0.392)

-1.277**
(0.381)

Joint significance of interacted competitors’ fright costs: γl = 0 for all l
F-stat
42.60**
p-value
<0.001
Disaggregation level
Observations

exporter-importer
1,184

209.24**
<0.001

exporter-importer-sector
18.486

Notes: Sample of exports from 37 countries to Australia and USA between 1995 and 2010 (aggregate and
sector-level). All models include a full set of dummies for exporter-importer(-sector), importer-year(sector), and exporter-year(-sector). Standard errors clustered by exporter-importer. ** p<0.01.

the data. Second, we document that these deviations a directly related to the similarity of
back
competitors in terms of per-capita GDP. To this end, we estimate the following equation:
ln( x

) = β ln z

+

γ (|κ − κ |) ln z

+φ +ζ +ν +ε

.

(34)

