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Exchange rate under-valuation acts like a tax on imports and subsidy to exports. This

partial equilibrium reasoning fits awkwardly with the treatment of exchange rate movements

in standard micro and macro quantitative general equilibrium trade models. Micro models

of bilateral trade in the structural gravity setting either absorb exchange rate effects in

country-time fixed effects or suppress exchange rates entirely by assuming money neutrality.

Macro trade models aggregate bilateral trade and suppress variation of bilateral exchange

rate movements with atheoretic ‘effective exchange rate’ indexes. Partial equilibrium models

of biltateral exchange rate change effects leave out the important general equilibrium forces

of structural gravity. How far wrong are these treatments of exchange rates?

This paper provides answers. Bilateral exchange rate changes with heterogeneous passthrough

are real trade frictions with real effects on bilateral trade at annual frequencies in the struc-

tural gravity model of spatial arbitrage. Heterogeneous passthrough of exchange rates to

buyer price movements is necessary and sufficient for real effects in this setting. Par-

tial equilibrium exchange rate effects are damped by multilateral resistance changes. The

model yields operational measures of buyer, seller and national real income effects of high-

dimensional bilateral exchange rate changes. Our applications reveal that real national

income effects of exchange rate movements at annual frequencies are mostly small, but not

negligible, and are substantial at the extremes. Sectoral income effects on buyers and sellers

are sometimes large. Aggregate trade forecasting based on our structural gravity methods

improves significantly over standard aggregate trade forecasting models.

Respectable methods for evaluating real trade effects of exchange rate movements have

become urgent following the recent initiation of potential US trade policy punishment of

‘currency manipulation’ by its partners. Vietnam is now subject to countervailing duties

(CVDs) on its tire exports to the US based on perceptions of its under-valued currency and

a finding of material injury to US producers by the USITC on June 23, 2021. The same tire

case investigation involved Taiwan and South Korea as potential targets of CVDs. (For more

background see “Too Much of a Good Thing”, The Economist March 27, 2021). Unfortu-
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nately, standard ‘effective exchange rate’ indexes are essentially useless for the quantifica-

tion of exchange rate changes as trade frictions1 and dubiously related to the under-valuation

question.2 Over- or under-valuation of exchange rates in structural gravity is measured by Ef-

fective exchange Rates with Gravitas (ERGs), ideal index numbers that aggregate exchange

rate change vectors previously handled with atheoretic ’effective exchange rates’. Sectoral

ERGs for sellers and buyers measure the general equilibrium effects of exchange rate appre-

ciation (under-valuation) or depreciation (over-valuation) on buyer and seller interests. The

ERGs are interpreted as ‘seller tax/subsidy equivalent’ and ’buyer subsidy/tax equivalent’

respectively. ERGs differ substantially from their ‘effective exchange rate’ counterparts in

our application.

International trade law logic justifies CVDs because they discourage the use of export

subsidies and thus reduce Prisoners’ Dilemma outcomes of subsidy competition. The logic is

weak when stretched to include exchange rate over- or under-valuation.3 (i) CVDs by buyers

based on exchange rates have negative externalities on sellers that are absent from export

subsidy cases. First, CVDs that force change in sellers’ exchange rate policy would have

effects across all sectors in the source country’s economy, unlike discouraging export subsidies.

1Effective exchange rates are atheoretic weighted averages of bilateral exchange rate changes using trade
weights for imports and exports separately and are often reported at the sectoral level. Variants include
Törnqvist indexes and chain weights. All the indexes suffer from at least four problems. (1) Treating
exchange rate changes like price changes does not deal with the well-documented ubiquitous phenomenon of
incomplete passthrough of exchange rates to prices. (2) If passthrough is complete and prices are flexible,
money is neutral and exchange rates are irrelevant. A proper real exchange rate index should converge
on unity as passthrough becomes complete. Typical real effective exchange rate indexes do not have this
relationship to incomplete passthrough. (3) Prominent received theory argues that trade costs affect the
impact of exchange rate changes (for example, Obstfeld and Rogoff, 2001). There is no role for trade costs
in the standard indexes despite abundant evidence from the recent gravity literature that trade costs are
large and vary greatly between trade partners. (4) In a multi-country world, bilateral exchange rates do not
appear sufficient to capture all the effects on the home country of the interaction between members of the
set of foreign countries. The effective exchange rate concept developed in this paper solves all 4 problems
within the framework of the structural gravity model.

2The US Treasury Department’s guidelines now embedded in NAFTA 2.0 (USMCA) do not use under- or
over-valuation measures, but focus on central bank activity and sharing information. The Treasury report
on the Vietnam case focuses on the bilateral aggregate trade between the US and Vietnam and an evaluation
of its central bank behavior. Since most central banks intervene in foreign exchange markets for stabilization
purposes of various sorts that involve interactions with all trade partners, it is difficult to infer intent from
activity. Even with correctly inferred intent, a mutually acceptable remedy requires quantification of the
damage that is being offset.

3See Staiger and Sykes (2010) for similar conclusions in a simpler analytic setting.
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Conversely, the economy-wide effects of exchange rate policy would stiffen source country

resistance to CVD punishment from destination countries. (ii) A broader negative externality

to sellers is implied by the Trilemma of international macroeconomics (the interdependence

of exchange rate policy, monetary policy and capital market openness policy). CVD threats

that constrain source country exchange rate policy must tend to negate monetary policy

autonomy or capital market openness. (iii) Both intent and quantification are straightforward

with export subsidies, while neither is clear with exchange rates.

In contrast, direct seller compensation to mollify interest group pressure could potentially

be consistent with the mutual exchange of market access logic of the WTO and its non-

discriminatory MFN principle. Section 4.3.5 illustrates for the US tire case vs. Taiwan’s

export of tires. Buyer ERGs symmetrically provide a basis for buyer compensation. Political

economy suggests this may be salient for sectoral intermediate product buyers.

Structural gravity with appropriate treatment of exchange rate movements also improves

aggregate trade forecasting. Current central bank methods use autoregressive lag structures

of trade and of ‘effective exchange rates’ to project future aggregate trade by sector. Forecasts

of aggregate trade movements improve dramatically when based on distributed lags of fitted

trade where the fit is to the structural gravity model with heterogeneous passthrough of

exchange rates. Forecasts of 2014 data using 2000-13 data for estimation imply that the

percentage absolute error for imports is reduced by 46% and for exports is reduced by

25%. Replacement of ‘effective exchange rates’ with ERGs alone results in only modest

reduction in forecast errors. The big improvement comes from using the full disaggregated

structural gravity model fitted values as a foundation for the aggregate forecasts. Intuitively,

this is because ERGs, like all ideal index numbers, are ceteris paribus while the full model

incorporates other important dynamic forces.

The application quantifies real effects of exchange rate movements on trade flows at

annual frequencies in the period 2000-14 for 18 sectors and 43 countries using the WIOD

(World Input-Output Database). Identification of exchange rate effects requires observations
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on sellers sales home markets, a necessary condition satisfied by the WIOD. Trade shifts due

to exchange rate changes are substantial in some sectors. Real national income effects relative

to counterfactual long run equilibrium exchange rates are small but not negligible and in

some (country-year) cases are substantial. The (average-over-sectors) terms of trade change

from this calculation for the top decile ranges around 3.8% and for the bottom decile ranges

around -4.5%. The global effect of the terms of trade changes (a size-weighted average of the

country terms of trade changes) due to yearly exchange rate changes is close to zero (ranging

between −0.26% and 0.44%.4 Exchange rate passthrough friction at the sectoral level drives

much wider variation in sectoral ‘terms of trade’. This is due to variation in both buyer and

seller components. We report swings of 40-50% in some sector-country cases.

ERGs for buyers and sellers differ significantly from their atheoretic effective exchange

rate counterparts, despite relatively high overall correlation. High correlation is unsurprising

since identical vectors of exchange rate changes are being aggregated with weights that

are themselves positively correlated. More importantly for measuring real impacts, the

magnitudes of ERGs and standard indexes differ significantly and for some country-sector-

time intervals the correlations are low or negative. Nominal buyer (seller) ERGs have an

overall correlation coefficient of 0.87 (0.74) with standard counterparts when averaged over

multiple countries, with a sectoral low of 0.45 (0.33). For real ERGs the overall correlations

and sectoral lows are somewhat lower.

The closest relative to the theoretical ERG here is proposed by Neary (2006). He derives

a a theoretically consistent effective exchange rate index that answers the question: given

a set of arbitrary changes in external prices or domestic costs, what change in the nominal

exchange rate would restore the initial level of output or employment. The question is

answered in a small country (price taking) setting where non-neutral money is due to a

nominal fixed wage. Both the question and the environments differ here from Neary (2006).

Importantly, the setting differs by departing from the small country assumption to deal with

4The deviation from zero arises because the exchange rate changes act on the unchanging part of trade
frictions. This implies the effects on the world as a whole need not be zero.
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many non-price-taking countries in general equilibrium, and modeling non-neutral money as

due to parametric incomplete exchange rate passthrough.

The structural gravity model with exchange rate frictions here extends and generalizes

the treatment of the US-Canada exchange rate on Canadian provincial trade with the US in

Anderson, Vesselovsky and Yotov (2016).

The empirical research program applied below takes exchange rate passthrough as ex-

ogenous. This simplification is unavoidable given the state of the art in exchange rate

modeling. When applied to sectoral trade, as here, the assumption of no causality from

trade flows to exchange rates is plausible as well as simplifying. A key aspect is allowance

for sector-destination-specific bilateral exchange rate passthrough elasticities. A wide range

of pricing-to-market stories justify destination-specific passthrough while empirical confirma-

tion is in Boz et al. (2017, 2019) based on passthrough regressions using bilateral export unit

values. Boz et al. (2017) find low passthrough to their definition of bilateral terms of trade.

This resembles our finding of low passthrough in gravity models of bilateral trade flows. The

structural gravity setting suggests an interpretation of measured heterogeneous passthrough

effects as a reflection of rising short run bilateral trade costs due to fixed bilateral ‘marketing

capital’ (Anderson and Yotov, 2020).

The CES version of gravity is applied here because of its simplicity and familiarity, but

all the methods developed here can be applied to more general spatial equilibrium models

with trade frictions.5

1 Gravity with Exchange Rate Frictions

First we review structural gravity without consideration of exchange rates. Then we in-

troduce exchange rates that are incompletely passed through to prices. Structural gravity

assumes perfect spatial arbitrage (any inferred arbitrage profit is due to independent random

5See Anderson and Zhang (2020) for a development of Almost Ideal gravity based on the Almost Ideal
Demand System.
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errors). Exchange rate movements and their passthrough are introduced as an exogenous

process like trade cost shocks. Exogeneity is justified by the extensive literature document-

ing the superiority of statistical models of exchange rate movements over models with real

determinants of exchange rate movements.

All shipments are valued at end user prices. Let Xk
ij denote the bilateral shipment from

origin i to destination j in sector k; let Y k
i denote the world value of shipments from origin i

to all destinations, ; and let Ek
j denote the value of shipments from all origins to destination

j. Trade requires incurring costs that drive wedge factors between origin and destination

captured in cost factors tkij. Let Y k =
∑

i Y
k
i =

∑
j E

k
j .

The full structural gravity model is given by:

Xk
ij =

Ek
j Y

k
i

Y k

(
tkij

P k
j Πk

i

)1−σk

, ∀i, j, k; (1)

(Πk
i )

1−σk =
∑
j

(
tkij
P k
j

)1−σk

Ek
j /Y

k, ∀i, k; (2)

(P k
j )1−σk =

∑
i

(
tkij
Πk
i

)1−σk

Y k
i /Y

k, ∀j, k; . (3)

The estimation of tkij, the bilateral trade friction, is the main object of empirical gravity, while

the restrictions of structural gravity imply the two equation systems (2)-(3). It has become

standard practice to estimate (1) with importer and exporter fixed effects to control for both

the mass variables Y k
i , E

k
j and the multilateral resistance variables Πk

i , P
k
j . The latter can

be recovered using the mass variables Yi, Ej and the equation systems. See Anderson and

Yotov (2010) for details. The sales and expenditure variables are assumed to be measured at

the end user’s full price, meaning that the trade flow and the sales and expenditure variables

are all measured with error because some user costs are not observable.

The theoretical foundation behind (1) supports multiple interpretations.6 For present

6The three main ones are: (i) a representative user has CES demand for products differentiated by
place of origin, where σk is the elasticity of substitution between varieties; (ii) a Ricardian technology
produces homogeneous products with national labor productivities generated as random draws from a Frechet
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purposes it makes no difference which interpretation is adopted, but for convenience the

CES demand system for products differentiated by place of origin will be used below.

The derivation of (1) begins from the demand equation

Xk
ij = (βki p

k
i t
k
ij/P

k
j )1−σkEk

j , (4)

where pki is the ‘factory gate’ price or unit cost of the variety of k sold by seller i, βki is a

parameter of taste or technology and P k
j is the CES price index

∑
i

[
(βki p

k
i t
k
ij)

1−σk
]1/(1−σk)

.

Market clearance implies
∑

j X
k
ij = Y k

i , permitting substitution in the demand equation for

(βki p
k
i )

1−σk using the definition of Πk
i in (2). This same substitution also implies that for

sellers shares Y k
i /Y

k the gravity model implies that it is as if the seller makes all his sales

on the world market, making them to a buyer whose CES share is given on the right hand

side of the following equation:

Y k
i /Y

k = (βki p
k
i Π

k
i )

1−σk , ∀i, k. (5)

This is a powerful implication because it permits treating the allocation of resources between

sectors in each country as determined by aggregate demand on the world market, the effect of

trade costs being aggregated into outward multilateral resistance Πk
i . Moreover, multilateral

resistance Πk
i is interpreted as the sellers’ incidence of trade costs to the world market.

Exchange rate changes passed through to prices are introduced as exogenous trade cost

shocks that affect the system (1)-(3). The price wedge shock that results is transitorily a com-

plex object reflecting currency invoicing in contracts and hedging choices along with pricing-

to-market behavior.7 At the annual frequency of standard gravity modeling focused on the

distribution where the parameter 1− σk is interpreted as the dispersion parameter of the distribution; and
(iii) aggregation heterogeneous users who make discrete choices of country varieties of good k where σk is
the dispersion parameter of the heterogeneous users. See Anderson (2011) for details.

7See Boz et al. ( 2017) for evidence based on bilateral export unit value comparison data. Focusing on
currency invoicing practices, their results suggest low passthrough of bilateral exchange rates to destination
prices (local currency invoicing) but substantial separate influence of the dollar exchange rate suggesting the
importance of US dollar invoicing.
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value of trade, it seems reasonable to simplify the price wedges to the sector-destination-

specific passthrough of bilateral exchange rate changes while also abstracting from dynamic

quantity adjustment except for a common cross-border-time fixed effect.8 We further sim-

plify by abstracting from possible effects of exchange rate risk – volatility plays no role. The

system (2)-(3) is shocked when the tkij’s change. These shocks also change the multilateral

resistances, directly and through price changes due to (5) that change the Y k
i ’s and Ek

j ’s at

given tkij.

Prices in the preceding model are in a numeraire currency. (In the application below

the US dollar is the numeraire currency.) Prices in the numeraire currency relate to local

currencies via exchange rates. By choice of units, all local currency prices in a base period

can be set equal to 1. Exchange rates of currencies defined in numeraire units per unit of

currency j appreciate (depreciate) relative to base as rj > (<)1. Exchange rate changes

incompletely passed through from origin i to prices in each destination j are represented

by (ri/rj)
ρj where ρj ∈ [0, 1] is a destination specific passthrough elasticity. The property

of destination-specific passthrough allows for pricing-to-market behavior in a reduced form.

Evidence on destination-specific heterogeneous passthrough is provided by Boz et al. (2019).

The passthrough of depreciation of j’s currency in terms of i’s currency (ri/rj rises) acts

like a tax on imports and subsidy to exports from j’s point of view, while from i’s point of

view the bilateral appreciation of its exchange rate acts like a tax on exports and a subsidy

to imports. Drawing on this equivalence, the bilateral trade cost factor tkij = τ kij(ri/rj)
ρkj

where τ kij is the trade cost factor exclusive of exchange rate passthrough (the usual function

of proxy variables such as distance and borders). The passthrough elasticity is taken here

and in much of the empirical passthrough literature to be a parameter.

In moving from (4) to the structural gravity equation (1), the market clearance condition

is used to substitute for (βki p
k
i ri)

1−σk . Thus to analyze the effect of exchange rate changes on

the new equilibrium, replace tkij in (1)-(3) with τ kij(ri/rj)
ρkj . Suppress for now considerations

8The US dollar effect on destination prices that is emphasized by Boz et al. is in our gravity model setting
absorbed in the cross-border-time fixed effect that also absorbs common globalization effects.
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that changes in exchange rates or relative prices will lead to changes in Ek
j , Y

k
i .

The initial solution of (2)-(3) for multilateral resistances yields {Πk0
i , P

k0
j }. With the new

bilateral trade costs due to incompletely passed through exchange rate changes, equilibrium

bilateral trade is given by

Xk
ij =

Y k
i E

k
j

Y k

(
τ kij(ri/rj)

ρkj

Πk
iP

k
j

)1−σk

(6)

and the multilateral resistances satisfy:

(Πk
i )

1−σk =
∑
j

(
τ kij(ri/rj)

ρkj

P k
j

)1−σk

Ek
j /Y

k; ∀i, k; (7)

(P k
j )1−σk =

∑
i

(
τ kij(ri/rj)

ρkj

Πk
i

)1−σk

Y k
i /Y

k, ∀j, k. (8)

Notice first that money neutrality obtains when passthrough is uniform (ρkj = ρk,∀j).

Complete passthrough ρk = 1 is a special case. Neutrality follows because, given that

{Πk0
i , P

k0
j } solve (2)-(3), the new multilateral resistances must satisfy P k

j r
ρk

j = P k0
j and

Πk
i /r

ρk

i = Πk0
i . Trade flows are unchanged, as the right hand side of (6) is constant. Real

purchasing power of currency is constant for each country j, rρ
k

j P
k
j /P

k0
j = 1. That is, the

appreciation passthrough factor rρ
k

j is equal to the factor by which j’s price index falls. Real

income is likewise constant for each country after combining seller and buyer outcomes. This

follows because in (5) the factory gate price pi remains constant when Πk0
i is replaced by its

equal value Πk
i r
ρk

i .

An implication of the money neutrality property is that gravity estimates of exchange

rate effects on bilateral trade elasticity ρkj (1−σ) based on equation (6) are actually estimates

of (ρkj − ρ̄k)(1 − σ) for an arbitrary ρ̄k. To see this, introduce shock rρ̄i ,∀i. The effect on

equilibrium bilateral trade flow equation (6) is given by (ri/rj)
(ρj−ρ̄) because

ΠiPj(ri/rj)
−ρ̄ = (Πi/r

ρ̄
i )Pjr

ρ̄
j = Π0

iP
0
j .
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The practical effect is that gravity regressions cannot identify ρ̄k, only the destination-

specific deviations from ρ̄k. In the application below, we set ρ̄k equal to an externally given

passthrough elasticity for the US, hence the deviations from uniformity are relative to the

US passthrough rate.

The triangular arbitrage condition implies theoretical limits on the variation of exchange

rate influence (ri/rj)
ρkj (1−σk). A smell test of the logic of the model and its estimator checks

whether the condition violated. Henceforth the sector k notation is dropped for simplicity.

The limit condition is9

τijτjl
τil
≥ (ri/rj)

ρl−ρj , ∀i, j, l.

With a uniform passthrough rate the right hand side of the limit condition reduces to 1, the

standard triangular arbitrage condition. Our estimates imply that the estimated bilateral

trade costs never violate the triangular arbitrage condition.

2 Effective Exchange Rate Indexes

Section 4 shows that exchange rates have real effects at annual frequencies. These act

directly on bilateral trade in (1), a partial equilibrium effect, and through the shifts in

equilibrium multilateral resistance that are determined by (7)-(8). This finding suggests a

role for treating exchange rate effects as trade policy – heterogeneous passthrough seen in

high frequency price comparison data is not sufficiently transitory or limited in scope to

justify abstracting from it in the context of longer run policy making.

For this purpose it is useful to derive and quantify real effective exchange rate indexes for

buyers and sellers. These differ from the trade weighted exchange rate indexes exemplified

by appendix equation (24) in essential ways due to their general equilibrium treatment of

9The condition comes from comparing pij , pil with the indirect pij−>l yielding

τijτjl(ri/rj)
ρj (rj/rl)

ρl ≥ τil(ri/rl)ρl

where the initial inequality is divided through by the common factory gate price pi.

10



the incidence of trade costs and their emphasis on differential exchange rate passthrough

as the source of non-neutrality. Less essentially, the CES structure of ERGs is a particular

treatment of substitution effects relative to the variety of ad hoc treatments in standard

effective exchange rates measures.

2.1 Buyer ERG

The purchasing power of a unit of j’s currency rises (falls) as inward multilateral resistance –

buyers incidence of trade costs including exchange rate change frictions – falls (rises). That

is, purchasing power rises (falls) when inward multilateral resistance in the new equilibrium

Pj is lower (higher) than inward multilateral resistance in the base equilibrium. Using (8)

yields the key relationship between buyer’s multilateral resistances:

P 1−σ
j = (P 0

j )1−σ
∑
i

(
τij(ri/rj)

ρj

ΠiP
0
j

)1−σ

Yi/Y.

Exponentiate on both sides by 1/(1− σ). On the right hand side, factor out 1/r
ρj
j and then

divide both sides by P 0
j . The left hand side is now the real purchasing power term Pj/P

0
j .

On the right hand side substitute in the summation term the predicted value of trade in the

initial equilibrium from (1), X̂0
ij = (τij/Π

0
iP

0
j )1−σY 0

i E
0
j /Y

0. Rearrange the result to yield

the real purchasing power change factor as

Pj
P 0
j

=

[∑
i

X̂0
ij

E0
j

Yi/Y

Y 0
i /Y

0

(
Π0
i

Πi

)1−σ

(ri/rj)
ρj(1−σ)

]1/(1−σ)

. (9)

The real exchange rate with gravitas is the hypothetical exchange rate appreciation R̃j

required to offset the decline in purchasing power. It is defined from:

Pj

R̃jP 0
j

= 1⇒ R̃j =
Pj
P 0
j

.
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The sellers multilateral resistance changes Πi/Π
0
i play a key role in modifying the effect

of exchange rate changes in (9) and thus in R̃j. More simplification and intuition comes by

applying the the relationship of Πi to sellers factory gate price pi. Use equation (5) to solve

Yi/Y

Y 0
i /Y

0

(
Π0
i

Πi

)1−σ

=

(
pi
p0
i

)1−σ

where pi is seller i’s ‘factory gate’ price, the ultimate buyers cost less all trade costs. Sub-

stitute the right hand side into equation (9) to yield

Pj
P 0
j

=

[∑
i

X0
ij

E0
j

(
pi
p0
i

)1−σ

(ri/rj)
ρj(1−σ)

]1/(1−σ)

(10)

The left hand side is the (buyer’s) real exchange rate depreciation R̃j = Pj/P
0
j . The right

hand side of equation (10) decomposes the buyers’ real exchange rate depreciation into an

average cost effect due to the vector of sellers factory gate price changes {pi/p0
i } times the

passthrough of the buyer’s effective exchange rate depreciation factor. Thus

R̃j =
Pj
P 0
j

= Cj

(
r̃j
rj

)ρj
(11)

or

R̃j

Cj
=

(
r̃j
rj

)ρj
(12)

where

r̃j =

[∑
i

w̃ijr
ρj(1−σ)
i

]1/ρj(1−σ)

, (13)

and

w̃ij =

X0
ij

E0
j

(
pi
p0i

)1−σ

∑
i

X0
ij

E0
j

(
pi
p0i

)1−σ .

and

Cj =

[∑
i

X0
ij

E0
j

(
pi
p0
i

)1−σ
]1/(1−σ)

.
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The average sellers cost change index Cj in practice is the effect on sellers’ prices of

all the forces of demand, supply and technology along with heterogeneous exchange rate

passthrough. On the right hand side of (12), (r̃j/rj)
ρj is the passthrough to buyers of the

CES index (13), a function of country j’s bilateral exchange rate change vector {ri/rj}.

The CES index has elasticity ρj(1 − σ) with base expenditure weights adjusted for general

equilibrium effects of sellers price changes. r̃j/rj is the nominal Effective exchange Rate

with Gravitas: country j’s effective depreciation of its exchange rate.10 (r̃j/rj)
ρj is is the

buyer subsidy factor required to compensate the purchasing power loss from buyer ERG

depreciation. Potential compensation policy based on (r̃j/rj)
ρj is operational with structural

gravity estimation.

The buyer ERG r̃j on the right hand side of (11) is not directly comparable to the typical

effective exchange rate index r̄j because it uses weights that embed general equilibrium

effects, and it is a CES index with elasticity ρj(1 − σ). A decomposition based on local

rates of change around equation (10) establishes a direct connection between R̃j and a CES

version of r̄j defined to include home goods and denoted r̄′j. In general the local difference

between R̃j and r̄′j is given by differentiating (10):

(1− σ)d ln(Pj/P
0
j ) =

∑
i

X0
ij

E0
j

ρjd ln(ri/rj) +
∑
i

X0
ij

E0
j

d ln(pi/p
0
i )

The right hand side can be rewritten as

(1− σ)d ln(Pj/P
0
j ) = ρj[d ln r̄′j − d ln rj] +

∑
i

X0
ij

E0
j

d ln(pi/p
0
i ).

Here d ln r̄′j denotes the percentage change in the CES version of the nominal effective ex-

change rate (including home goods) with elasticity ρj(1 − σ). With no real effects due to

uniform passthrough the second term is equal to zero and the first term would need to be

10Cj contains indirect effects of exchange rate changes. In principle it is possible to account for these
with counterfactual general equilibrium calculations that hold constant all factors other than exchange rate
changes.
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equal to zero to be consistent with the assumed no real effects property – the appreciation

of j’s currency would equal the appreciation of currencies in the basket of goods that it

buys. Non-uniform passthrough has real effects due to the second term on the right hand

side, the average sellers’ price effect. dr̄j may be understood as a Laspeyres index that at-

tempts to control for the contribution to inflation of the buyers’ price index that is due to

exchange rates under partial equilibrium assumptions pi = p0
i and disregarding incomplete

passthrough. Refinements of r̄j or r̄′j such as chain weights to adjust for discrete changes

in shares X0
ij/E

0
j between equilibria cannot be interpreted to approximate r̃j because even

for infinitesimal changes they necessarily miss real effects associated with the second term.

They do adjust for the sellers’ price effect on the weights in the first term.11

Note that the elasticity parameter in r̃j in equation (13) is ρj(1 − σ) where ρj is the

level of destination j’s passthrough elasticity. An external value of the average ρ̄ and the

elasticity σ is required to solve r̃j from the inferred (r̃j/rj)
ρj(1−σ). As the level of ρj → 0,

∂ ln r̃j/∂ ln ri → w̃ij and thus r̃j → r̄j. For finite but small inferred passthrough elasticity

deviation ρj, the cross country variation in exchange rate changes and in the effect of sellers’

prices on weights w̃ij makes only small differences from r̄j. Results below thus indicate mostly

high correlation between r̃j and r̄j for small ρj inferred from annual gravity equations. In

contrast, correlation falls dramatically with higher external values of passthrough elasticity

ρ̄.

11Chain weights allow for changes in Xij/Ej . The ratio of new to base shares is given in structural gravity
by

Xij/Ej
X0
ij/E

0
j

=
Yi/Y

Y 0
i /Y

0

(
ΠiPj
Π0
iP

0
j

)1−σ

(ri/rj)
ρj(1−σ) =

(
pi
p0
i

)1−σ
(
Pj
P 0
j

)1−σ

(ri/rj)
ρj(1−σ)

where the right hand equation uses (5).

14



2.2 Sellers Effective Exchange Rate

Seller earnings are inversely related to sellers incidence by equation (5), just as the buyers

purchasing power is inversely related to buyers incidence. In relative form (5) implies

Yi/Y

Y 0
i /Y

0
=

(
piΠi

p0
iΠ

0
i

)1−σ

.

For an endowments economy, the relative earnings change is given by12

p̂i =
pi
p0
i

=

(
y0
i

yi

)1/σ (
Πi

Π0
i

)1/σ−1

(14)

The effective exchange rate index that is equivalent in sellers’ earnings power is based on

using equation (7) for Πi and steps parallel to (9). Relative earnings are inversely propor-

tional to changes in sellers’ multilateral resistance, given by the real sellers appreciation

R̃x
i ≡

Πi

Π0
i

=

[∑
j

X0
ij

Y 0
i

Ej/Y

E0
j /Y

0

(
P 0
j

Pj

)1−σ]1/(1−σ) [∑
j

w̃xij(ri/rj)
ρj(1−σ)

]1/(1−σ)

, (15)

where

w̃xij =

X0
ij

Y 0
i

Ej/Y

E0
j /Y

0

(
P 0
j

Pj

)1−σ

∑
i

X0
ij

Y 0
i

Ej/Y

E0
j /Y

0

(
P 0
j

Pj

)1−σ . (16)

The second term on the right hand side of (15) is the passthrough of bilateral exchange

rate appreciation (relative to appreciation in the individual seller’s destination markets) to

sellers incidence. This is the nominal ERG passthrough for sellers, inversely related to sellers’

earnings as in the partial equilibrium case.

To complete the parallel of nominal ERG for sellers to buyers nominal ERG, define a

12Allowing for substitutability in supply results in implicit functions for the within-country sectoral shares
and their relationship to cross-country shares. The same principle governs the relationship of earnings to
seller incidence but is complicated by supply side substitution.
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seller-specific passthrough ρ̄i as the local solution to

[∑
j

w̃xij(ri/rj)
ρj(1−σ)

]1/(1−σ)

=

[∑
j

w̃xij(ri/rj)
ρ̄i(1−σ)

]1/(1−σ)

.

Then the passthrough to sellers incidence implies a sellers nominal ERG passthrough r̃xi as:

[∑
j

w̃xij(ri/rj)
ρj(1−σ)

]1/(1−σ)

= (ri/r̃
x
i )ρ̄i . (17)

In the application below to potential seller compensation for or benefit from exchange rate

changes, we report inferred estimates of the left hand side of (17), to be interpreted as the

right hand side.13 An appreciation of i’s exchange rate relative to its partners raises ri/r̃
x
i ,

which is passed through to sellers incidence at rate ρ̄i. Then under-valuation ri/r̃
x
i < 1

delivers an effective producer subsidy (ri/r̃
x
i )ρ̄i applied below to illustrate potential seller

compensation policy measures.14

Returning to the real sellers exchange rate, the first term on the right hand side of

equation (15) is a CES index of relative changes in buyer multilateral resistances, with

endogenous weights. Buyers price increases in (15) reduce Πi/Π
0
i and hence raise earnings.

The steps above for national income and expenditure carry through to the sectoral level

under the common simplifying assumption (in gravity modeling) that the upper level prefer-

ence/technology aggregator is Cobb-Douglas. Unbalanced trade is handled with the assump-

tion that Ei = φiYi subject to
∑

i φiYi = Y =
∑

i Yi. At the sector level, the variables in the

preceding expression have sector k superscripts and αki is the expenditure share parameter

for sector k goods from country i. On the left hand side of (15) for sector k the factor φiα
k
i

13The exponent ρ̄i is implicitly defined, unlike the exponent ρj in the nominal buyers ERG r̃j . When needed
to solve for ri/r̃

x
i , ρ̄i is the minimum real root on the unit interval that satisifies (17). The economic rationale

for selecting the minimum root is consistency with the standard story of monopolistically competitive sellers.
14In the endowments general equilibrium characterized by equation (14), earnings rise by the factor

p̂si =

(
ri
r̃xi

)ρ̄i(1/σ−1)

> 1.

To parallel reporting of the buyers measure (13), we report the all-else-equal measure (17).
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appears in numerator and denominator, hence it cancels.

Evaluation of (15) for local changes reveals important differences from the purchasing

power index. Log-differentiate the sectoral form and suppress variation in Y k0/Y k.15 The

result is

(1− σk)d ln Πk
i /Π

k0
i = ρ̄ik[d ln r̃ik] + Covik(

−→ρ ,−→r )−
∑
j

Xk0
ij

Y k0
i

P̂ k
j . (18)

−→ρ denotes the vector (ρ1, ..., ρn), ρ̄i is its i-specific trade weighted mean and −→r j denotes the

vector (r1/rj, ..., rn/rj). The covariance term captures the effect on seller i’s income of the

interaction of destination-specific variation of exchange rate passthrough with destination-

specific exchange rate variation. The covariance is seller-specific because the generalized

trade weights w̃xij are seller-specific.

Compared to the local evaluation of the purchasing power index (11), (18) requires an

origin specific ρ̄i that is an export (for i) weighted average of the destination passthrough

rates in the first term. A second difference is that the general equilibrium effects of sellers

prices in (11) are replaced by the general equilibrium effects of buyers price index changes

in Pj in (18). The third and more novel difference is the covariance term. Even with partial

equilibrium assumptions that shut down the general equilibrium price terms, (18) implies

that standard effective exchange rate indexes corrected for country specific passthrough are,

in contrast to purchasing power indexes, inadequate to capture sellers income effects due to

the variation in destination exchange rate passthrough rates.

By construction, the real ERGs R̃k
j and R̃x,k

i are consistent with equilibrium multilateral

resistances (7)-(8). They share a close resemblance in structure but they generally diverge

and tend to be negatively correlated because they inherit the normally negative correlation

of buyer and seller multilateral resistances. Intuition from partial equilibrium applies –

appreciation is good for buyers and bad for sellers.

15In a multi-sector endowments economy, the exchange rate changes would generally induce relative seller
price variation.
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2.3 Policy Implications

Charges of ‘currency manipulation’ are directed at individual countries perceived to be ad-

vantaging their national sellers with an undervalued exchange rate. The two real ERGs –

purchasing power index R̃k
j and earnings power index R̃x,k

i – are theory-consistent measures

of the real effects of exchange rate movements on sectoral buyers and on sellers. The real

ERGs aggregated across sectors may be used to indicate desirable directions of change of

exchange rates in the ‘jawboning’ commonly done between national economic policymakers

in this context. Such measures do not, however, necessarily give reliable information about

long run equilibrium exchange rate changes from current positions. Appendix A specifies

a counterfactual long run general equilibrium simulation that that projects the equilibrium

changes for comparison to the ERGs. The two are highly correlated but magnitudes differ

and for some country-time intervals the correlation is low or even negative.

Policy response at the country level in the form of subsidies to offset domestic group

injury is feasible and consistent with current allowance for adjustment assistance. Temporary

compensation policies at the sectoral level could be based on movements in earnings power

nominal ERG (rki /r̃
x,k
i )ρ̄

k
i or purchasing power ERG (r̃kj /rj)

ρkj that exceed a threshold. This

would be analogous to the producer price support payments or consumption subsidies that

are prominent in primary and agricultural products on both production and consumption

sides. Compensation in this form is consistent with the all else equal structure of the ERGs.16

The temporary domestic compensation policies could be made subject to WTO rules and

dispute settlement: allowed when justified by findings of harm, similar to the current WTO

treatment of ‘safe-guards’ and anti-dumping cases.

This potential extension of ‘adjustment assistance’ might bleed off the political pressure

associated with claims of ‘currency manipulation’, as it does with anti-dumping. A further

advantage is that this setup would tend to neutralize countries’ incentives to use exchange

16The real ERGs move over time due to many other factors with effects embedded in indexes Cx,kj and

Ckj . A policy aimed at compensation for exchange rate frictions should not compensate for the latter general
equilibrium forces.
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rate policy for temporary advantage, as the prohibition of export subsidies does in current

WTO law.

2.4 Mult-sector ERGs

The extension from the one sector case to multiple sectors is simple under a standard (in the

recent literature) Cobb-Douglas aggregation. For each sector k, the multilateral resistance

systems and the sellers’ price equations hold as in the 1 good per country case. Thus all the

steps leading to (11) hold at the sectoral level:

R̃k
j =

r
ρkj
j P

k
j

P k0
j

= Ck
j (r̃kj /rj)

ρkj .

The aggregate ERG is the Cobb-Douglas aggregator of the sectoral ERGs:

Rj =
∏
k

(R̃k
j )
αk .

The second equation can be decomposed into

Rj = Cjr
ρ̃j
j

where Cj =
∏

k(C
k
j )αk , ρ̃j =

∑
k αkρ

k
j and r

ρ̃j
j =

∏
k(r̃

k
j )
ρkj /rj)

αk .

Full general equilibrium in the endowments model aggregates sectors in similar fashion.

Aggregate incomes are the sum of sectoral incomes Yi =
∑

k Y
k
i . Cobb-Douglas demand

systems imply Ek
j = αkEj; where αk ∈ (0, 1),

∑
k αk = 1. As in the 1 sector case, trade

imbalance is modeled with a fixed ratio of expenditure to income φi, hence in combination

with the requirement that global income equals global expenditure, Ei = φiYi/
∑

i φiYi. The

normalization of sellers’ prices is
∑

i,k p
k
i y

k
i =

∑
i,k y

k
i . Closure is given by Ej = φjYj subject

to
∑

j φjYj =
∑

j Yj = Y .
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3 Terms of Trade and Exchange Rates

The terms of trade in the one sector case equal the real earnings of country j given by

rjpj/Pj.
17 The relative change in real earnings is given by

T̂j =
rjpj/p

0
j

Pj/P 0
j

Use the market clearance equation (5) evaluated at the two equilibria to solve for

rjpj/p
0
j =

Π0
j

Πj

(
Yj/Y

Y 0
j /Y

0

)1/(1−σ)

.

Substitute into the change in real earnings to yield:

T̂j =
Π0
jP

0
j

ΠjPj

(
Yj/Y

Y 0
j /Y

0

)1/(1−σ)

=
1

R̃jR̃x
j

(
Yj/Y

Y 0
j /Y

0

)1/(1−σ)

. (19)

T̂j can be calculated using estimated gravity coefficients and data to construct bilateral trade

costs and solving system (2)-(3). The second equation expression of T̂j in (19) in terms of

real ERGs decomposes the real income effects of non-uniform passthrough. For the money

neutrality case when all other variables are constant, T̂j = 1: the terms of trade are constant.

3.1 Multi-sector Terms of Trade

Terms of trade more generally refers to an aggregate of sectors. The aggregate terms of trade

for multiple sectors follows the technique of Anderson and Yotov (2016). Resuscitating

the sector index k, (19) gives a terms of trade index for each sector k, T ki . Rather than

mechanically forming an average of the sectoral indexes, it is preferable to build from sellers’

17This usage of ‘terms of trade’ is somewhat eccentric because in the numerator is the sellers’ price of
tradables (including sales to the home market) while in the denominator is the buyers’ price of tradables
(including purchases in the home market). The local rate of change of real income is equal to the local rate
of change of the terms of trade because the income effect of local sales price changes is equal to zero. For
discrete changes, the real income measure is preferred to the usual terms of trade measure approximation.
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and buyers’ price indexes separately, then form their ratio as the terms of trade index.

For the sellers’ price index we follow Anderson and Yotov in building upon an endowment

economy. Thus Y k
i = rip

k
i y

k
i where yki is the endowment of country i’s variety of the good

in sector k (the resources used in both production and distribution). Because of the endow-

ment assumption, yki = yk0
i . It is convenient to choose units such that pk0

i = 1,∀i, k. The

price index for sellers is defined with the intuitive normalization
∑

i,k rip
k
i y

k
i /
∑

i,k y
k
i = 1,

implying that the value of the world endowment is constant. This normalization along with

the homogeneity restrictions of the model turns out to imply (Anderson and Yotov, 2016)

a sector-by-sector restriction
∑

i rip
k
i y

k
i =

∑
i y

k
i . For any country i, the seller’s price index

relative to its initial value of 1 is given by
∑

k rip
k
i y

k
i /
∑

k y
k
i . Solving the effective market

clearing condition (5) for the new price in the endowment economy, rip
k
i =

(
Πk0
i /Π

k
i

)1−1/σk .

Then Y k
i /Y

k =
(
Πk0
i /Π

k
i

)1−1/σk yki /
∑

i y
k
i . For conducting counterfactual long run equilib-

rium experiments, rip
k
i = r∗i , ∀i, k.

For buyers, the price index is formed by aggregating the sectoral indexes P k
i . The Cobb-

Douglas price index Pi =
∏

k(P
k
i )αk . In the present application evaluating the change in

terms of trade, P k
i is replaced by its relative change P k

i /P
k0
i . In the counterfactual long run

equilibrium experiment, P k
i is the long run counterfactual value.

The terms of trade for country i is given by

T̂i =

∑
k

(
Πk0
i /Π

k
i

)1−1/σk yki /
∑

k y
k
i∏

k(P
k
i /P

k0
i )αk

. (20)

For the one good economy (20) reduces to (19). For the counterfactual long run equilibrium

experiment, T̂i = T ∗i and the multilateral resistances with superscript 0 denote the inferred

values for the base year.

The form of (20) is based on the endowments economy structure, but the same value

of T̂i results from the Ricardian economy model of Eaton and Kortum (2002) extended to

multiple sectors by Costinot, Komunjer and Donaldson (2012). Under this interpretation
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the terms of trade change factor is interpreted as the real wage change factor.

4 ERGs in Practice

This section presents inferred ERGs and their implications based on structural gravity es-

timates of the effect of exchange rate changes on trade flows. First we detail the gravity

equation to be estimated, then briefly describe the results with a focus on the exchange rate

change term. The estimated exchange rate change term is used to calculate ERGs and their

implications.

Next we examine the empirical relationship between the ERGs and the standard measures

of effective exchange rates. Correlations are fairly high, but quantitatively the two measures

differ significantly. Importantly, for some time periods and countries, the correlation is

negative.

The counterfactual long run money neutrality equilibrium allows comparison of inferred

real ERGs with their counterfactual long run Purchasing Power Parity (PPP) values. The

correlation is high but quantitatively there are significant differences.

A second use of the counterfactual is to calculate the implied terms of trade effects of

each year’s deviation from long run money neutrality. Real income (terms of trade) effects

are mostly small, but for the top and bottom deciles the average (within decile, across all

years) terms of trade effect averages around 2% and −2% respectively.

4.1 Data

We require a data set capable of yielding internal trade along with cross border trade in

multiple sectors.18 The WIOD dataset concords production data with international trade

data, hence it is convenient for this purpose. Structural gravity is estimated from the WIOD

18Observations on internal trade empower the gravity regression to distinguish exchange rate change effects
from from the origin-time and destination-time fixed effects required to control for multilateral resistance.
See the discussion of equation (21) below.
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data (covering 2000-2014, 56 sectors, 43 countries) that includes sectoral production for each

country, and bilateral trade data. Estimates of trade elasticity is taken from WIOD also

provide exchange rate used to convert national values into US dollar. These exchange rates

are used to construct bilateral exchange rates. Standard trade cost proxies like distance,

RTAs, etc. are from the CEPII dataset.

4.2 Specification

The gravity estimator of the CES structural gravity model is applied to the bilateral trade,

including internal trade, for all countries in each sector. The percentage of zero trade flows is

shown in Table 1. The small proportion of zeros helps justify our use of the PPML estimator.

For any sector k:

Xijt = exp

[
ρ̃j ln

(
rit
rjt

)
+ β1tINTR BRDRij ∗ δt>2000 + β2RTAijt + β3comcurijt

+β4 ln distwij + β5CNTGij + β6CLNYij + β7LANGij

+β8INTR BRDRij + αit + ηjt + α

]
+ εijt; ∀i, j, t.

(21)

The effect of exchange rate movements on bilateral trade costs is the first term of the first

line of equation (21). The second term is a cross-border-time fixed effect that controls for

time-varying investments in cross-border marketing capital (Anderson-Yotov, 2020). εijt is a

Poisson distributed random error term, αit is an origin-time fixed effect, ηjt is a destination-

time fixed effect, α is a constant, and superscript k is omitted to reduce clutter. The

remaining cost controls are for implementation of a regional trade agreement (RTA), common

currency (commcurr), distance (distw), contiguity (CNTG), former colonial tie (CLNY),

common language (LANG) and a time invariant cross border fixed effect (INTR BRDR).

The origin- and destination-time fixed effects control for YiΠ
σ−1
i and EjP

σ−1
j respectively.

The presence of internal trade flows on the left hand side of regression estimator (21)

permits distinguishing exchange rate effects from the origin-time and destination-time fixed
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effects. Without internal trade, the exchange rate effects are absorbed by the fixed effects.

Data on country-time production and expenditure in each sector combine with the theoretical

interpretation of the estimated fixed effects to imply estimates of the multilateral resistances.

Table 1: Percentage of zero trade flows by sector (averaged over years)

Sector
Percentage of Zero Trade Flows

Mean Standard Deviation

Agriculture 0.40 0.12

Mining 0.96 0.12

Manufacturing

Food 0.07 0.07

Textile 0.02 0.05

Wood 0.38 0.24

Paper 0.12 0.11

Chemicals 0.05 0.07

Plastic 0.02 0.03

Minerals 0.05 0.04

Basic metals 0.44 0.20

Metal products 2.31 0.05

Machinery 0.05 0.07

Electrical 2.30 0.03

Communication 0.11 0.13

Medical 5.33 0.11

Auto 0.14 0.09

Other Transport 3.07 0.38

Other 0.02 0.04
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4.3 Results

4.3.1 Gravity Coefficients

The estimated sectoral gravity equation results have no elements of novelty except in the

estimated exchange rate effects, so that is the focus of the discussion. As context, the

equations fit the data well, bilateral distance is important, globalization effects (upward

trending cross-border-time fixed effects, as in Anderson and Yotov, 2020) are revealed and

the usual list of bilateral friction proxies performs as usual.

The estimated exchange rate effects ρ̃j in (21) are generally statistically significantly

different from zero. Recall that the theoretical interpretation of ρ̃j is (1−σ)(ρj − ρ̄) where ρ̄

is benchmark value of the ρjs. A t-test that cannot reject the null means that for the given

sector, passthrough is close to uniform and exchange rates have no real effect. For 18 sectors

and 43 countries we find 68% (80%) of cases where we cannot reject the null at the 5% (1%)

significance level. Passthrough uniformity requires that all destinations taken as a group fail

to reject the null. The joint test rejects the null in all sectors.

Moving from econometric inference of ρ̃js to construction of the ρ passthrough elasticities

uses the theoretical structure ρj = ρ̃j/(1−σ)+ρ̄. The right hand side of the equation requires

external estimates of average ρ̄ and trade elasticity 1−σ. Consistent with our use of the US

dollar as numeraire currency, we use external estimates of the US passthrough rate where

needed. The constructed ρs are used to calculate the ERGs.

4.3.2 Constructed Estimates of ρ

We apply the passthrough rate for the USA equal to 0.27 (Burstein and Gopinath, 2014)

and apply the estimate of the sectoral trade elasticities from Caliendo and Parro (2015).

The table reports the resulting mean and standard deviation of the sector-country point

estimates of ρj = ρ̃j/(1 − σ) + ρ̄. (We do not report standard errors because the external

parameters are taken from different data and models than our estimate of ρ̃j.)
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The results we report should be taken as illustrating the method rather than precise

measures. In two sectors, Auto and Other Transport, the constructed mean is above 1 and

the standard deviation is above 2. These cases arise due to estimated trade elasticity < 1

reported by Caliendo and Parro (0.49 for Autos and 0.90 for Transport), with big standard

errors (0.91 and 1.61). ρ > 1 is theoretically possible, depending on how passthrough is

modeled, but the low trade elasticities suggest a measurement error issue for the constructed

ρ reported for the Auto and Other Transport sectors, and perhaps for other sectors.

More generally, our method of construction of ρ needs precisely estimated trade elastic-

ities (ideally based on the same data and model), combined with passthrough elasticities

ideally estimated at the sectoral level. Another issue with the Caliendo and Parro trade

elasticities is that they are interpreted as long run elasticities, in contrast to the lower short

run elasticities typically inferred from time series variation. Intuitively, exchange rate fric-

tions are short run phenomena, requiring short run trade elasticities to construct estimates

of passthrough ρ. This difference matters substantially because lowering the trade elasticity

raises the dispersion in ρ implied by ρ̃/(1− σ).19

Table 2: Summary of Exchange Rate Passthrough Rate Estimates

Sector
Exchange Rate Passthrough

Mean Standard Deviation

Agriculture 0.16 0.23

Mining 0.25 0.15

Manufacturing

Food 0.65 0.78

Textile 0.25 0.19

continued on next page

19Anderson and Yotov (2020) provide a structural model of the ratio of short run to long run trade
elasticities and call it the incidence elasticity. They estimate an incidence elasticity in manufacturing equal
to 1/4. We do not report results for constructed ρ based on short trade elasticities because of no information
on sectoral variation of either incidence or passthrough elasticities.
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Sector
Exchange Rate Passthrough

Mean Standard Deviation

Wood 0.33 0.19

Paper 0.43 0.24

Chemicals 0.83 0.41

Plastic 0.66 1.74

Minerals 0.08 0.46

Basic metals 0.18 0.20

Metal products 0.03 0.32

Machinery 0.29 0.45

Electrical 0.15 0.14

Communication 0.02 0.45

Medical 0.82 0.32

Auto 1.92 2.70

Other Transport 1.57 2.54

Other 0.17 0.34

4.3.3 Relation between buyer and seller ERG

The general inverse relationship between buyer (r̃/r) and seller ERG (r/r̃x) is shown in

Figure 1. As shown in equation (11), the buyer ERG captures the direct impact of exchange

rate movements on purchasing power with elasticity ρj, and a rise in r/r̃x indicates a loss of

earnings power (equations (15) and (17)) with elasticity ρ̄i. The direct effect of exchange rate

fluctuations on sellers’ earnings is captured by seller ERG, and increases in r/r̃x represent

falls in sellers’ earnings. As suggested by our intuition, an increase in the exchange rate

is beneficial to buyers because it increases their purchasing power, but it is detrimental to

sellers since it reduces their competitiveness. Figure 1 captures this intuition. Between 2003
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and 2008, the US effective exchange rate fell, resulting in a fall in purchasing power and an

increase in seller revenue.

0.98
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Year

r~ r

r r~x

Figure 1: Buyer VS Seller nominal ERG for United States (Aggregate)

Figures 2 and 3 show the direct impact of exchange rate variations (as in Figure 1) and

its passthrough to US purchasing power and sellers’ earnings, respectively. Between 2000

and 2014, the direct effect of exchange rate variation was a 1% drop in US buying power

and a 1.5% drop in sellers’ earnings.

Figures 4 and 5 plot the time series of US aggregate real and nominal ERGs along with

the aggregate price indexes CUS for the buyer and Cx
US for the seller. The price indexes

combine the general equilibrium effects of exchange rate movements with the many other

time varying forces that drive the changing pattern of world production. In some intervals

r̃x and Cx are negatively correlated. In Figure 5, for example, the real seller ERG (R̃x)

declined roughly 4% in 2002 compared to 2001, owing to the general equilibrium impact of

Cx, partially offset by a 0.5 percent increase in (r/r̃x)ρ̄.
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Figure 2: Buyer nominal ERG and its passthrough, United States (Aggregate)
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Figure 3: Seller nominal ERG and its passthrough, United States (Aggregate)
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Figure 4: Buyer real ERG and components, United States (Aggregate)
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Figure 5: Seller real ERG and components, United States (Aggregate)
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4.3.4 Relation of ERG to typical effective exchange rate

ERGs differ significantly from standard effective exchange rates in our results – magnitudes

are quantitatively different and for some country-sector-time intervals are negatively cor-

related. The standard effective exchange rate measure requires an adjustment to make it

comparable to the inclusion of domestic sales in the ERGs. Thus the standard effective

exchange rate is modified to include domestic sales in the index:
r̄j
rj

=
∑

iwij(ri/rj) where

the wijs are the expenditure share weights in j.

The overall correlation of the nominal ERGs with their effective exchange rate counter-

parts is fairly high, in the range of 0.33 to 0.97. This is because the indexes differ mainly in

the weights, which locally are positive and sum to 1.20 Also, the 2000-2014 era is unusual

historically by the high and increasing dominance of the US dollar in global trade. Other

eras may have lower correlation of bilateral exchange rates relative to the dollar. See the

online Appendix for details on overall correlations.

Nominal ERGs and their effective exchange rate counterparts diverge over time by sig-

nificant amounts. The divergence is greater for the sellers index than for the buyers index.

At the sectoral level, there is even wider variation of the plots, dramatically different for

some country-sector-time interval selections. For all countries, the movement of r̄/r and r̃/r

for buyers and r/r̄x and r/r̃x for sellers is relative to 1 in the base year 2000. Figures 6 and

7 show two situations from Hungary’s machinery manufacturing and the United Kingdom’s

electrical equipment manufacturing, where the conclusions from typical ER differ from ERG

and show a considerable disparity. In the case of Hungary’s machinery manufacturing sector,

the seller ERG and the typical ER followed a similar path until 2008, but then diverged.

According to typical ER, Hungary’s equipment manufacturing sector depreciated by almost

8% between 2008 and 2014. Between 2008 and 2014, the effective exchange rate for Hun-

gary’s machinery manufacturing sector changed little or not at all, according to ERG. The

20The ERGs also differ by an origin or destination specific passthrough exponent that has no counterpart
in the standard formula.
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seller ERG for the UK’s electrical equipment manufacturing sector indicates a 25% appreci-

ation in currency in 2014 compared to 2000, whereas typical ER measurements show an 8%

depreciation.
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Figure 6: Seller ERG for Hungary (Sector: Machinery)
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Figure 7: Seller ERG for United Kingdom (Sector: Electrical)
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4.3.5 Policy Implications: ERG Compensation

As a pertinent example, Taiwan’s seller ERG for tires is a production subsidy (or tax)

equivalent of the effect of the world vector of exchange rate changes relative to a base

period.21 The Taiwan seller ERG is thus potentially relevant for countervailing duty logic

to be applied by the US. The US ERG for tires is a production subsidy (or tax) equivalent

to the world vector of exchange rate changes relative to the base period. The US seller

ERG is thus potentially relevant for a material injury finding due to the world vector of

exchange rate movements.22 The worldwide advantage provided to Taiwan tire producers

via the Taiwan sellers ERG could be offset by a CVD in the same amount.23

The results for the two-digit group encompassing rubber and plastic product manufactur-

ing suggest that the exchange rate adjustment between 2014 and 2000 had a small impact on

tire vendors in Taiwan and the United States. As illustrated in Figure 8, overall seller pro-

ducer prices in the United States increased by less than 2.5 percent in 2014 compared to 2000.

This shift is less than 0.5 percent in Taiwan’s rubber and plastic products manufacturing

industry (figure 9).

21Missing data prevents calculation of the more pertinent case of Vietnam’s seller ERG for tires. Produc-
tion data for sellers is required to estimate real effects of exchange rate changes in the model. Vietnam is
not reported in the WIOD data used in this paper. The more detailed USITC-ETPD database reports on
Vietnam and also reports the sector rubber tires and tubes separately from the WIOD aggregate of rubber
and plastics. Unfortunately, there is no production data for rubber tires and tubes available for Vietnam in
the USITC-ETPD database.

22It is not possible to isolate the effect of Taiwan’s exchange rate on US seller interests except in a
hypothetical world where Taiwan’s exchange rate is the only variable that changes (and even in this case
there are cross effects with other countries that change the ‘subsidy equivalent’).

23This quantification only approximates the logic of production subsidies. The economic mechanisms
behind the ERGs imply that global third party interactions are important contributors to the measured
ERGs, ‘own’ exchange rate of the source country is only one exchange rate factor acting on any source
country’s seller ERG in a particular sector.
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Figure 8: Producer Subsidy Equivalent, United States (Plastic and Rubber Manufacturing)
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Figure 9: Producer Subsidy Equivalent, Taiwan (Plastic and Rubber Manufacturing)

4.3.6 Real Income Effects

Real income effects of exchange rate changes with passthrough frictions can be quantified by

calculating the real income changes due to removing the frictions in the estimated model,

simulation of the counterfactual long run equilibrium. The counterfactual yields the terms of
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trade effects of removing exchange rate passthrough frictions in the world economy consisting

of 18 sectors and 43 countries. The calculation is based on each year’s endowments and the

yearly changes of exchange rates over the preceding year for the actual equilibrium, compared

to the counterfactual long run equilibrium with the same endowments, tastes and trade costs

except for removal of the exchange rate frictions.

The US is a representative case. the US terms of trade over the period 2000 to 2014

move within a band of around 0.4% up and down. Figure 10 plots the time series.
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Figure 10: T ∗ for United States (Aggregate)

Table 3 reports the changes in terms of trade (T ∗) from a counterfactual equilibrium,

where the matrix of the exchange rate is the average of the previous five-year bilateral

exchange rate matrix, to equilibrium with that years exchange rate, while maintaining en-

dowments, tastes, and trade costs (apart from those due to exchange rate changes) constant.

The Second and third columns give the average in the top and bottom decile respectively

in the cross-sectional distribution of terms of trade change. There is no obvious pattern to

the countries in the top and bottom deciles of each year’s terms of trade effects. Member-

ship changes by year and includes both large and small economies. Some are commodity

exporters, but some are highly diversified exporters. Deeper exploration awaits future work.

The last column in table 3 reports the world efficiency effect of exchange rate passthrough
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frictions (T ∗∗) calculated as the size-weighted average of the country level terms of trade.

Table 3: Real Income Effects of Exchange Rate

Year
T ∗

T ∗∗

mean(top decile) mean(bottom decile)

2000 1 1 1

2001 1.0086 0.9626 0.9989

2002 1.0069 0.9539 0.9987

2003 1.0198 0.9569 1.0014

2004 1.0256 0.9589 1.0026

2005 1.0263 0.9623 1.0029

2006 1.0288 0.9716 1.0038

2007 1.0378 0.9695 1.0044

2008 1.0231 0.9642 1.0006

2009 1.0162 0.9620 0.9979

2010 1.0151 0.9643 0.9984

2011 1.0152 0.9703 0.9986

2012 1.0152 0.9730 0.9974

2013 1.0095 0.9852 0.9983

2014 1.0146 0.9802 0.9982

5 Conclusion

Structural gravity is applied in the paper to quantify real effects of heterogeneous exchange

rate passthrough. We define theory consistent operational indexes of bilateral exchange rates

suitable for evaluating the real effects on buyers and sellers. The results reveal quantitatively

significant real effects at the sectoral level, with much smaller but still non-negligible effects
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at the aggregate level.

We suggest potential policy implications in the form of domestic subsidies to politically

significant losers. Domestic policies on these lines would relieve incoherent political pressure

to act against ‘currency manipulation’ and could be consistent with WTO principles.

More speculatively, the gravity model connection to exogenously determined exchange

rates here may be step toward a re-connection of real trade to exchange rate determination.

The gravity model estimated here can be interpreted as a short run model in which bilateral

‘marketing capital’ capacities are fixed, and adjust slowly toward long run zero profit values

(Anderson and Yotov, 2020). This setting suggests a structural dynamic channel from real

trade to exchange rate movements.
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Appendix A: Equilibrium ERG Projection

The long run equilibrium obtains when money is neutral. Given the endowments and trade

imbalances of a particular year in the data, the bilateral appreciation/depreciation elements

ri/rj for that year are counterfactually set equal to 1. The full general equilibrium solution

is calculated, yielding a set of seller and buyer incidences {Πk∗
i , P

k∗
j }. The ratios of base year

incidences to counterfactual long run equilibrium incidences form the set {Πk
i /Π

∗k
i , P

k
j /P

∗k
j }.

The decomposition steps used to separate direct and indirect effects of exchange rate changes

in Sections 2.1 and 2.2 also apply here to yield long run ERGs.

The full general equilibrium solution required to project the effect of non-uniform ex-

change rate changes is completed by specifying a supply side of the model and closing the

model with a relationship between expenditure and income. Assume to begin with that

demand for all goods is aggregated in a single CES expenditure function. Supply is modeled

as a vector of endowments.

For each origin i the value of sales at world currency prices is Yi = piyi where yi is the

units of output of origin i and pi is its ‘factory gate’ price in world currency units. Then

Yi/Y
0
i = piyi/p

0
i y

0
i . Using equation (5)

pi
p0
i

=

(
Πi

Π0
i

)(1−σ)/σ (
y0
i

yi

)1/σ

.

Sellers prices change in spatial equilibrium due to the shifting incidence of trade costs induced

by non-uniform exchange rate passthrough. A full general equilibrium solution is found as

a fixed point of (2)-(3), (5) with Yi replaced by piyi. Standard practice to resolve the

indeterminacy of price levels in general equilibrium is to normalize the price vector {pi} for

non-base projections by
∑

i piyi =
∑

i yi where p0
i = 1 by choice of units.

For more intuition, begin from the short run model estimated for some end year t using

(7)-(8). The solution generates a set of inward multilateral resistances (equal in the setup

to buyers’ price indexes). For the same underlying data, the counterfactual long run equi-
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librium is based on solving system (2)-(3) for the long run multilateral resistances {Π∗i , P ∗j },

taking away the effect of incomplete and non-uniform passthrough. The sellers’ factory gate

prices (in world currency units) in the endowments model case are solved from (5). The

normalization is
∑

i piyi =
∑

i yi where pi is the factory gate price, yi is the endowment

(both in year t implicitly) and the year t sellers prices are set to 1 by units choice.

The full general equilibrium solution requires closure of the model with an assumption

connecting expenditures to incomes. The simplest closure consistent with unbalanced trade

(which is always observed) is Ei = φiYi where φi is observed in the benchmark equilib-

rium and assumed constant in moving to the counterfactual equilibrium.24 The adding up

condition for world equilibrium requires
∑

iEi =
∑

i Yi ⇒ Ej/Y = φjYj/
∑

j φjYj for coun-

terfactual equilibria. With these added structures in place, the counterfactual multilateral

resistances can be computed.

In the long run there are no real effects of exchange rates. Given the endowments in year

t, solve for the long run counterfactual equilibrium. The vector of consumer price indexes P ∗j

gives the purchasing power of a unit of the world endowment (subject to the normalization)

in country j in the long run equilibrium. The long run equilibrium exchange rate change

vector given the endowments and exchange rates of year t is:

r∗i =
P t
i

P ∗i
, ∀i. (22)

Vector r∗i has several potentially important uses. Most obviously, it serves as the benchmark

for deducing over- or under-valuation based on it relation to effective exchange rates as

measured by

ri
r∗i
.

24An intuitive justification for constant φis is that a counterfactual income deviation in one period would
be intertemporally smoothed so that the marginal utility of external borrowing/lending remained equal to
the marginal utility of wealth. The exact amount of smoothing depends on many details. Constant φs imply
that deficit countries borrow more (less) as wealth rises (falls) due to income changes in the counterfactual
period. The direction of change is intuitive with constant φs justified as simplification in a model focused
on static equilibrium.
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ri/r
∗
i is a counterfactual concept that holds all variables constant except for the exchange

rate. In contrast R̃i compares a base year with a subsequent year using actual exchange

rates, supply vectors and expenditure data for both base year and subsequent year. A

second use of the counterfactual and implicitly of r∗ is in calculating the terms of trade

effects of going from the estimated actual equilibrium in each year to the counterfactual long

run equilibrium. The details are covered in Section 3.

Mult-sector Long Run ER

The counterfactual long run equilibrium calculation yields a set of buyers’ sectoral price

indexes {P ∗kj }. The Cobb-Douglas aggregator of these is the economy wide price index

in the long run. The short run price index for period t implied by gravity is similarly a

Cobb-Douglas aggregate of the sectoral inward multilateral resistances. Then

r∗i =
∏
k

(
P ∗ki
P tk
i

)αk

, ∀i. (23)

ERG Vs Long Run ER in Data

The estimated gravity model is usefully deployed to examine the counterfactual long run

equilibrium in which money is neutral, the deviations from uniform passthrough are removed.

Two separate objectives suggest two variations on “long run” equilibrium. The first exercise

examines how informative the ERGs are about the “long run” exchange rate. Given the

focus on sector level effects due to treating exchange rates as trade policy, it makes sense

to treat each sector as a “world” and examine the “long run” equilibrium of this sectoral

“world economy”. This implies a set of long run exchange rate changes r∗ki for each country

i in sector k. These are compared to the ERGs.

The correlation between r∗ and both nominal and real ERGs for buyers is very high with

the exception of Auto sector. The Auto sectors is suspect due to possible mis-specification

(because their passthrough elasticities are greater than 1). Thus real ERG for buyers
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promises to be a usefully accurate indicator of long run exchange rates.

In contrast the nominal ERG (r/r̃x) for sellers is much less highly correlated with r∗.

The real ERG for sellers R̃x restores the high correlation with r∗ observed for sellers ERG,

with the same exception of Auto sector.

Appendix B: Effective Exchange Rates in Practice

A typical effective exchange rate index is calculated as:

r̄j =
∑
i 6=j

ri
X0
ij∑

i 6=j X
0
ij

. (24)

where X0
ij denotes the value of bilateral trade shipped from i to j in base period 0. Often

rj and r̄j are in logs, in which case the levels are obtained by exponentiating. Sometimes

(24) is calculated for exports as well as imports and sometimes for disaggregated trade.

Recognizing that (24) is a Laspeyres index, some practitioners use Tornqvist indexes (for

backward looking studies) or Laspeyres chain weights to replace the simple Laspeyres weights

in (24).

The apparent intent of index definition (24) is to measure the impact on the buyer’s

purchasing power of the vector of bilateral exchange rate changes – r̄j/rj > (<)1 implies

that j’s currency has lost (gained) purchasing power. An appreciation (depreciation) of rj

would be needed to restore the base purchasing power of a unit of j’s currency over a trade

weighted basket of other currencies. Changes in actual purchasing power are measured by

buyer price indexes Pj/P
0
j where Pj is the current period local currency price index (for the

bundle of goods imported) at j and P 0
j is the base price index in local currency prices. Real

purchasing power change in j’s currency is measured by

r̄j/rj
Pj/P 0

j

=
r̄j/Pj
rj/P 0

j

, (25)
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the hypothetical appreciation of j’s currency needed to restore purchasing power parity with

the base period.

Effective exchange rate indexes are also frequently calculated from the seller’s point of

view. Mechanically, sum over j rather than i in (24) to define seller i’s effective exchange

rate index of appreciation r̄xi . Appreciation tending to drive down sellers’ prices, the intent

is to measure the effect of exchange rate appreciation on real earnings of sellers. The real

effective exchange rate for sellers deflates by a sellers’ price index in parallel to (25). Finally,

while the most commonly reported effective exchange rate indexes are for aggregate trade,

sectoral effective exchange rates are also often reported.

It is well recognized that effective exchange rate index (24) and the real exchange rate

index (25) based on it are unsatisfactory for several reasons. Whether for buyers purchasing

power or sellers earnings, aggregated or sectoral, here are the key problems:25

1. The price index structure does not specify links to incomplete exchange rate passthrough.

2. Theory suggests that trade costs affects the operation of exchange rates. Trade cost

links to (24) are unspecified.

3. In a multi-country world, cross effects necessarily act on prices of goods to and from

partners of j, affecting the trade shares in (24).

4. The preceding three problems all point to missing general equilibrium links of {rj} to

{Pj}.

This paper provides a real effective exchange rate index that appropriately treats all 4 prob-

lems within the restrictions of the structural gravity model, Effective exchange Rate with

Gravitas (ERG). The structurally based real exchange rate index differs from (24) deflated

by the price index deflator for all cases in which exchange rates matter; i.e., when money is

not neutral.
25There are many other purposes for which differing real exchange rates have been implemented. See

Chinn (2006) for a useful survey. All the indexes surveyed there share the fundamental problems analyzed
here: partial equilibrium assumptions that ignore trade costs and ignore incomplete passthrough.
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Appendix C: Import/Export Forecast

Change in R2

The following specification is estimated (OLS) with and without exchange rate terms to get

a rise in R2 when we bring in exchange rate terms in basic gravity regression.

ln(Xij,t) = ρ̃j ln

(
rit
rjt

)
+ β1tINTR BRDRij ∗ δt>2000 + β2RTAijt + β3comcurijt

+β4 ln distwij + β5CNTGij + β6CLNYij + β7LANGij

+β8INTR BRDRij + αit + ηjt + α

Table 4: Change in R2

R2 p50 Mean SD Max

Without ER terms 0.865 0.860 0.025 0.891
Without ER terms 0.868 0.863 0.024 0.893

Difference 0.003 0.003 0.001 0.004

Forecast Error

In this section, we compare forecast errors from the typical import/export forecast model

using an effective exchange rate with a forecast error using our model. We compared the

following four models.

Model 1

This model is the same as one mentioned in Cubeddu et al. (2019) to model imports

and exports. This model is the basis for the IMF’s External Balance Assessment (EBA)

framework.
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ln(Xi,t) =
n∑
j=1

δXj ln(Xi,t−j) +
m∑
j=0

βXj ln(REERi,t−j) +
k∑
j=0

γXj ln(RYTP
i,t−j) + εit (26)

ln(Mi,t) =
n∑
j=1

δMj ln(Mi,t−j) +
m∑
j=0

βMj ln(REERi,t−j) +
k∑
j=0

γMj ln(RYi,t−j) + εit (27)

where both specifications include time and country-industry fixed effects. Specification 26

(27) contains the real effective exchange rate and the trading partner’s (domestic) gross

domestic output value, along with a rich, dynamic lag structure.

Model 2

In model 2, we replace the real effective exchange rate index included in specifications 26

and 27 with an effective exchange rate from our model.

ln(Xi,t) =
n∑
j=1

δXj ln(Xi,t−j) +
m∑
j=0

βRj ln(Ri,t−j) +
mx∑
j=0

βR
x

j ln(Rx
i,t−j) +

k∑
j=0

γXj ln(RYTP
i,t−j) + εit

(28)

ln(Mi,t) =
n∑
j=1

δMj ln(Mi,t−j) +
m∑
j=0

βRj ln(Ri,t−j) +
mx∑
j=0

βR
x

j ln(Rx
i,t−j) +

k∑
j=0

γMj ln(RYi,t−j) + εit

(29)

Model 3

Here we predict import/exports using full model

ÊX = Yi

1− Êi

Ŷ

(
t̂ii

P̂iΠ̂i

)1−σ


ÎM = Ei

1− Ŷi

Ŷ

(
t̂ii

P̂iΠ̂i

)1−σ
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Model 4

Model 4 uses predicted values from our structural model along with a dynamic lag structure

to forecast imports/exports.

ln(Xi,t) =
n∑
j=1

δXj ln(Xi,t−j) +
m∑
j=0

βjlnÊX i,t + εit (30)

ln(Mi,t) =
n∑
j=1

δMj ln(Mi,t−j) +
m∑
j=0

βjlnÎM i,t + εit (31)

where both specifications include time and country-industry fixed effects.

We used WIOD sectoral data from 2000 to 2013 to estimate the model parameters. Then

use the above four models, along with observed values of the exchange rate, real GDP, and

sectoral production in 2014, to predict sectoral imports and exports in 2014. The absolute

percent forecast error is calculated as a percentage difference between the predicted value of

imports/exports relative to the observed value in 2014.

ε̂IM =
IMi − ÎM i

IMi

Results

Table 5 summary statistics for absolute percentage forecast error. The model that uses both

predicted values and lag structure (Model 4) reduces absolute percentage forecast errors

for both imports and exports relative to typical import/export forecast models. The mean

absolute percentage error for exports has been reduced by 25%, while the mean absolute

percentage error for imports has been reduced by 46%.

Appendix: Data Description

Table 6 gives list of countries in our analysis.
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Table 5: Absolute Percentage Forecast Error

Median Mean SD Max

Exports

Model1 5.52 11.47 25.54 495.05
Model2 5.16 11.19 24.26 451.30
Model3 10.55 18.83 30.27 410.89
Model4 4.41 8.63 13.87 162.04

Imports

Model1 4.66 8.62 22.37 493.55
Model2 4.70 8.66 21.89 482.74
Model3 6.70 11.08 13.11 113.69
Model4 2.89 4.60 6.27 86.07

Table 6: List of Countries

Australia Korea
Austria Latvia
Belgium Lithuania
Brazil Luxembourg
Bulgaria Malta
Canada Mexico
China Netherlands
Croatia Norway
Cyprus Poland
Czech Republic Portugal
Denmark Romania
Estonia Russia
Finland Slovak Republic
France Slovenia
Germany Spain
Greece Sweden
Hungary Switzerland
India Taiwan
Indonesia Turkey
Ireland United Kingdom
Italy United States
Japan
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