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Motivation : Trade Elasticity

o Trade elasticity is a key element of the trade theory

e Exchange rate and the J-curve (Marshall-Lerner condition)
e Gains for trade (see Arkolakis et al, 2012)

e Definition : (Percentage) response of trade flows to an (exogenous)

price shock :
o dlIn X,'jt
~|dlIn Pije

Less studied (Though potentially important with GVCs) :

E‘O o dlIn X,‘/J'/t
dIn Py

See Amiti, Itskhoki and Konings (2016)



Empirical Evidence on Trade Elasticities

e Macro evidence of low elasticities

e Orcutt (1950) : Macro trade elasticities “have been widely accepted
as supporting the view that a depreciation would be ineffective” on
countries’ trade balance = “Elasticity pessimism”

e Below one in Hooper, Johnson and Marquez (2000)
e IRBC literature needs elasticities in the range of 1 to 2 to match the
quarterly fluctuations in trade balances and the ToT
e Evidence from the gravity literature of relatively high elasticities
e “Consensus” around 4 to 6

e High elasticities needed to account for the growth in trade following
trade liberalization

= International Elasticity Puzzle (Ruhl, 2008)



Empirical difficulties

e Exogenous price shock ?

e Tariff shocks (Might not be exogenous see Strategic Trade Policy)

e Exchange rate shocks (More likely to be exogenous at the
disaggregated rather than at the aggregate level)

e Pass-through rates?

o |dentification strategy ?
o Cross-sectional versus time-series (Ruhl, 2008)
o Aggregated versus disaggregated (Imbs & Mejean, 2015)

e Across foreign varieties versus across domestic and foreign varieties
(Feenstra et al, 2014)



Road Map

e Estimating trade elasticities

e From micro to macro elasticities



Estimating Trade Elasticities



Conceptual Framework

e Armington framework :
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e Thus the price-elasticity of trade (volume) :

dIn X; dinP; P "7
U — 1-— S — 1-— -y
dinp; ~ 7T (1=0) o+ U)(P>

or in nominal terms :
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Conceptual Framework

o Above definition holds true in a large class of models (see Head and
Mayer, 2013)
e “Gravity-type” models which assume i) a constant price elasticity
dinX; . g wopdinX; .o
(7w Puj' = cst) ii) no “third country effects” (g P,-/jj =0Vi,i)
e Most of the time, monopolistic/perfect competition implies
(Py/P)7 %0
= Trade elasticities can be estimated in the cross-section of countries
and/or over time

e Not in every model : See eg Novy (2013) :

e With translog preferences (thus variable mark-ups), the trade

elasticity becomes :
yni

- Xi/Y;

Neither constant over time, nor across country pairs !

€j



Empirical Framework

e From the previous conceptual framework :
dIn Xjj; = — dIn Py + Controlsj; + ujj:

where & can be estimated across country pairs and/or over time
e Problem : Prices are not exogenous to quantities

o |V strategy

e Structural estimation of a demand-supply model (Feenstra, 1994)



“IV" Strategies

e Most commonly used strategy

e Most often skip first stage, thus assuming complete pass-through
(dInPj = dIninst;)

e Candidate instruments :
e Distance
e Purely cross-sectional

e Cannot assume pass-through = 1

o Tariffs
e highly disaggregated
e Not much time variations

e Exchange rates
e Endogenous in aggregate data
® Lots of variations across time and countries
® Some attempt to build firm-specific measures of exchange rate
exposure



Tariffs as instruments : Caliendo and Parro

e Strategy :

e c* estimated in the cross-section of country pairs using asymmetries
in bilateral tariffs

e Start from a gravity equation and “instrument” prices by tariffs and
other measures of bilateral trade barriers

K K K K
Ins,J—d) +0; +a D,J—a InT; + e

. . . din Pk
Allow estimating € under the assumption that dl: T =

i

e Use a method of tetrads :

k ok k
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1=l k gt k k
In == =—¢In kkk+'J+eJ/+e/' e — eif — e
sjlsllslj 7—jl7-l/ lj

Identification assumption : Unobserved asymmetric trade costs OG
to tariffs

e Data : Comtrade (bilateral trade) and Trains (bilateral tariffs)



Estimated elasticities (CP, 2015)
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FIGURE 1. ESTIMATES OF THE TARIFF ELASTICITY OF IMPORTS BASED ON CALIENDO AND PARRO (2012).

Note: The figure plots minus the gravity estimates, by sector. (NS) indicates non-significance at the 10%
level.



Tariffs as instruments : Head and Ries

o Strategy :

o ¥ estimated in the cross-section of importers, using panel data

e Start from a gravity equation and “instrument” prices by tariffs and
other measures of bilateral trade barriers

In bl = e¥In NTBf —* In Tk + (FEL) + €
N ——
FE;

bjkt the relative advantage of domestic against imported goods in

k
dln Py 1
dIn 7k

jt

country j Allow estimating e under the assumption that

Identification assumption : Unobserved country-specific trade costs
OG to tariffs

e Data : Industry Canada at the SIC level (manufacturing)



Estimated elasticities (Head Ries, 2001)

TABLE 1—DECOMPOSING CHANGES IN TRADE COSTS INTO
TARIFF AND NONTARIFF EFFECTS

Average
NTB
(percent)
Method OLS Fixed effects OLS FE
Ln 1 + tariff 10.409 6.882
(1.916) (1.532)
Intercept (1990) 2.742 2.883 30.1 520
(0.139) (0.070)
1991 —0.074 —0.082 292 502
(0.159) (0.040)
1992 —0.123 —0.156 28.6 48.6
(0.161) (0.044)
1993 —0.166 —0.240 28.1 48.6
(0.164) (0.050)
1994 -0.212 —0.30 275 455
(0.167) (0.056)
1995 —0.242 —0.335 27.1 4438
(0.169) (0.061)
N 615 615
R? 0.073 0.387
RMSE 1.133 0.275

Note: Standard errors are in parentheses. Dependent vari-
able: Ln border effect: In(b).



ER as instruments : Berman, Martin,
Mayer

e Strategy :

e c* estimated over time within a firm-destination, using panel
firm-level data

e Estimate the heterogeneity of elasticities, depending on the size of
the firm

e Start from a gravity equation and “instrument” prices by exchange
rates

In Xt = ax In Prodg_1+4¢ex In RERjt4-x In Prodg_1 In RER;;+6 Zj1+FE:+FEf+eg:

where RER); is defined in the destination’s currency per unit of the firm's
currency and Zj; contains the country’s REER and its GDP
din Pg

e Account for the possibility that the ERPT is less than one (- RER, #1):
%

In Pge = apIn Prodg_1+¢p In RERj:+p In Prodg 1 In RERj:+FE+FEg+eg;

e Data : French firm-level export data over 1995-2005 + BRN data
(balance-sheet)



Estimated elasticities : BMM, 2011

@) [?) ® @ ® © )
Sample Single Main Main Stable Single Firm Firm-
product Product Product Mix NC4 level product
(val.) (dest.) level
# observations 355996 429022 486403 364672 489079 858271 2289051
Dep. Var: Tn unit value
Coefficients
In TFP; 0.012% 0.018 0.006" 0.014 0.012% 0.010¢ 0.010*
(0.004) (0.003) (0.003) (0.004) (0.003) (0.002) (0.002)
In RER 0.084 0.135% 0.108% 0.097 0.078% 0.052% 0.124%
(0.019) (0.015) (0.016) (0.018) (0.016) (0.017) (0.020)
In TFP;_;x In RER 0.047¢ 0.059¢ 0.055% 0.0427 0.040¢ 0.0247 0.0237
(0.015) (0.009) (0.009) (0.014) (0.013) (0.009) (0.008)
rank product -0.003¢
(0.000)
rank product x In RER -0.003*
(0.001)
Quantification: change in the effect of RER (%), for
mean TFP — mean + s.d TFP | 8.4 — 13.4 135 — 19.5 108 -+ 164 9.7 — 141 7.8 — 12.2 52— 7.9 12.4— 15.2
1st — 5th product 124 — 11.0
1st — 10th product 124 — 9.3




Estimated elasticities : BMM, 2011

Dep. Var: In volume
Coefficients
In TFPy_; 0.082¢ 0.125° 0.115° 0.089" 0.097¢ 0.104% 0.076
(0.008) (0.007) (0.007) (0.009) (0.007) (0.006) (0.006)
In RER 0.399° 0.542¢ 0.560° 0.419° 0.498° 0.704% 0.481%
(0.044) (0.059) (0.057) (0.054) (0.048) (0.070) (0.055)
In TFP;_; x In RER -0.105% -0.074° -0.075" -0.052 -0.091° -0.006 0.022
(0.035) (0.029) (0.029) (0.034) (0.033) (0.027) (0.033)
rank product -0.060*
(0.002)
rank product x In RER 0.015"
(0.007)
In GDP 0.628" 0.942° 0.941° 0.725% 0.744° 0.984° 0.849°
(0.051) (0.071) (0.063) (0.055) (0.055) (0.073) (0.057)
In importer price index 0.054° 0.088" 0.085° 0.064° 0.056% 0.081° 0.072
(0.012) (0.016) (0.015) (0.014) (0.011) (0.016) (0.013)
Quantification: change in the effect of RER (%), for
mean TFP — mean + s.d TFP | 39.9 — 28.5 54.2 — 46.6 56.0 — 48.4 419 — 36.5 49.8 — 40.0 70.4— 69.8 48.1- 50.8

1st — 5th product 48.1 — 54.3
1st — 10th product 48.1 — 61.9
Note: Robust standard errors clustered by in with “, " and © denoting at 1%, 5% and

10%. Columns (1) to (6) include firm-destination fixed effects and year dummies. Column (7) has firm-destination-product fixed effects
together with year dummies. TFP is demeaned, and the rank product variables are computed by firm-destination, and normalized
such that the core product has rank 0.



Estimated elasticities : BMM, 2011

e Assumption of complete pass-through is counterfactual

e ER adjustments are not passed-through one-to-one into prices

e Firms reduce their mark-up when facing an appreciation of their
currency

e More so the largest they are
e Consistent with pricing-to-market behaviours (Krugman, 1987)

e When regressing exports on exchange rates, one estimates the
product of the price elasticity and the pass-through rate :
In X =¢eln Pj = evIn RERj;

e Exports flows are (little) responsive to ER movements

e This does not mean that trade elasticities are low

e Response of trade flows to ER movements is even smaller for high
productive firms

e Rationalized in a model of trade with additive trade costs



ER versus tariffs as instruments :
Fitzgerald & Haller

o Strategy :

e Use firm-destination panel data to estimate the elasticity of trade to
both tariffs and ERs

e Estimated equation :
Pr[ijt > 0] = FE; + FEs + aIn RER;: +ﬂ|n7‘kjt + Xijt + efi

In Pfthfjt = FE;+ FEs + « In RERJt + BlIn Tkit + ijt + efr
with k the sector of activity of firm

e Data : Irish firm-level export and total revenues data over 1996-2009



ER versus tariffs as instruments :
Fitzgerald & Haller

Impact of
dinRER = —.1 dr=-.1

Entry rate (f 100-249 empl.) | from 3t03.1%  from 3 to 3.3%
Exit rate (f 100-249 empl.) | from 23 to 22.7% from 23 to 20%
Revenues (median f) +6.4% +24.2%

e Participation and revenues respond more to tariffs than to RER,
especially in the LR

e Impact on participation is stronger for larger firms

o Interpretation?

e Hedging against ER movements?
e Reaction to temporary/permanent shocks ?




Structural Estimation

e Endogeneity of prices comes from prices responding to quantities in
equilibrium = Estimate the full demand-supply system

o Feenstra (1994) estimates :

k
. _ [ Pix -7 Rikt Uikt
KXijke = (ijt P (CES — Demand)
w

Pike = Xij™" € (Supply)

k — Pije Xiji
{ dlns,-jkt =eXdIn 'Dijkt""d)jkt"'gijkty Sijkt = S rjkt“

dinPje =wrdInsje + Vi + 0je, *=1-0
(e%,wk) jointly estimated in the cross-section of exporters i serving a
given country j in good k

Identification assumption : & L ke



Structural Estimation

e Combining the demand-supply equations :

K K
Yiike = 1 Xije + 2 Xojje + €jje

where :
Yike = (dInPye —dInPk)?
Xlijkt = (d In Sijkt — dIn 5rjkt)2
X2ijkt = (d In 5ijkt —dIn S,jkt)(d In Pijkt —dIn Prjkt)
-1
€jjkt = ?(fijkt — &rjke) (Oijke — Orjke)

o Endogeneity : ejjxr £ Xijjke. €jjke £ Xoijke
= Instrument with time averages since ejji: L Xijk, €jjke L Xojjk where
v . _ 1 Tk Tk
Xik = F 22 Xijke = P17 and 93



Structural Estimation

e Finally recover (£%,&K) from the structural model :

k
k_ W kK _ . k 1
1/11—*577 Yy =w tx

2
o VB UET 4 Ay 50
- 1

_wa ’

= €

Note : When ¥ < 0, use a grid search procedure to find a local
minimum



Estimated elasticities (Feenstra, 1994

TV and i vansmiters
petoleum
vestry

Foqmest
Fh
Acraft and spacet
Rt petoeum
Opical insruments

ot lamps and ghing adpmt
Ofice, accing g g Ay
TV o raio receners

Basic ron and scel

Spinning weaving & ISHing of exties
Gasi chomicals

Van: made fbres

rops
oo veficles
Basic precious and non-ferrous metls
cincal dapmi

Electrcity distibuton and conlm\ spparalis

General pupose. mac e
Rubber products
Vanuiacturing n..
Eectoric valves, ofher eecron camporens
ic appliances n.e.c.
“Nieat. Vegetzbics
Winin
Grain mil products
Medical appliances and instrumens for measuring
‘Special purpose machinery
Aceimlirsand aeres

Other chemwa\s
Othernon-metallc rodice.

aper

Electric motors, generators and transformers
Publishing

Parts and accessories for motor vehices
Wood products

Plastc products
ther textes.

Structural meal prot
Other fabricated metal o
insulated wre and cable.
Transpon eﬂmvmenl nec.
Dary products

FIGURE 2. ESTIMATES OF THE ARMINGTON ELASTICITY BASED ON FEENSTRA (1994)

Note: The figure plots the value of substitution elasticities (1 — &*) obtained with Feenstra’s (1994)
methodology. The elasticity is obtained using a grid search procedure when the IV strategy implies
parameters that are not consistent with the model.



From Micro to Macro Elasticities



From Micro to Macro Elasticities

e Previous analysis shows elasticities estimated from disaggregated
(product or firm-level) data

e Huge amount of heterogeneity in trade elasticities

e Models of international macro/trade usually require to calibrate one
trade elasticity

e Solutions :
o Use aggregate data (see almost 100% of the macro literature) =
Problems of endogeneity can be massive

e Use disaggregated data but constrain elasticities to equality across
sectors (eg Head & Ries, 2001)

e Calibrate multi-sector models (Caliendo & Parro, 2015)
o Aggregate disaggregated elasticities (Imbs & Mejean, 2015)



Aggregation bias : Imbs & Mejean

e Because heterogeneity is important in micro-level estimates of trade
elasticities, aggregate/pooled estimation might suffer from a
heterogeneity bias

e lllustration in a simple example :

e Suppose the “true” relation is :
dinX* = +efdInP* + €
Assume e* is well-behaved so that ¥ can be estimated from micro
data (" =¢)
e Structure of heterogeneity :

k k
g =¢eg—o0

High elastic sectors display large o*
¢ is the average elasticity / common-component of ¥ across sectors



Aggregation bias : Imbs & Mejean

o In the absence of an heterogeneity bias, € would be implied by
aggregate data :

Z whdIn Xk = Z wkek + Z wkekd In P¥ + Z whek
= dInX:c+<€d|nP+u
where u= )", wkek — Dok wkokd In Pk
e With well-behaved residuals :

cov(dIn P, u)
var(dIn P)

= g= E wkek
k

g =



Aggregation bias : Imbs & Mejean

e In presence of heterogeneous elasticities (0¥ # 0), aggregate data
can yield & # ¢ if :

k
cov(dInP,u) = —cov (Z wkdIn PX, Y " wko*dIn P") #£0

k

i.e. if the volatility of sectoral prices is systematically correlated with
the magnitude of elasticities

e Orcutt (1950) : “most of the price changes in the historical price
indices of imports lumped together were due to price changes of
commodities with inelastic demands. Since these price changes were
associated with only small quantity adjustments, the estimated price

elasticity of all imports might well be low” = Attenuation bias :
€] < e



Aggregation bias : Imbs & Mejean

o Paper shows it is actually the case in US data

e Use two alternative identification strategies :

e "IV’ (Caliendo Parro, 2015)
e Structural (Feenstra, 1994)

e Estimate ¢ :

e In aggregate data
e In disaggregated data, imposing homogenous elasticities

e In disaggregated data, accounting for the heterogeneity and
aggregating ex-post, using a theoretically-consistent formula



Estimated elasticities : Imbs Mejean, 2015

TABLE 1—AGGREGATE, CONSTRAINED AND UNCONSTRAINED ELASTICITIES

Caliendo-Parro  Feenstra

Aggregate elasticity -1.790*** -2.001%**
(0.426) (0.116)

Constrained elasticity -2.375%** -2.005%**
(0.506) (0.150)

Unconstrained elasticity -5.639*** -4.174%**
(1.171) (0.106)

*** denotes significance at the 1% level



Estimated elasticities : Imbs Mejean, 2015

o Heterogeneity bias is substantial and matters quantitatively

e Models calibrated with heterogeneity-consistent elasticities are better
able to reproduce the behaviour of a multi-sector model

e Show this is the case of a standard IRBS model (Backus, et al, 1994)
and a strandard trade model (Arkolakis et al, 2012)

o Might explain the “International Elasticity Puzzle”



Other source of aggregation issues

e Short-run / Long-run Elasticities
e Macro literature typically distinguishes between short-run and
long-run elasticities using time-series analysis
e Ruhl (2008) : Difference bw SR/LR elasticities might come from the
response at the extensive margin to temporary/permanent shocks

e Permanent shocks (eg tariff) are more likely to induce extensive
adjustments

e Might explain discrepancies between elasticities estimated in macro
(identification in the time-series using ER shocks) versus in trade
(identification in the cross-section using tariff shocks)

e Heterogeneous firms

e Same argument as before

e Pooling across firms might induce an heterogeneity bias if the size of
firms is systematically correlated with the trade elasticity (which
seems to be the case, Berman et al, 2011)



SR/LR elasticities : Ruhl, 2008

Model of business cycle fluctuations with

e Entry cost of exporting and heterogeneous firms (Melitz, 2003)
o Aggregate TFP shocks (BKK, 1994)

Endogenous export participation based on expected future value of
exporting

Extensive adjustments more pronounced after permanent shocks
than after temporary shocks

In the SR, ie before extensive adjustments take place, trade elasticity
is small / In the LR, trade elasticity is large for large enough /
permanent shocks



SR/LR elasticities : Ruhl, 2008

o With extensive margin adjustments :

Jq, Xijt(w)dw

dln P Xjr = dIn | xj(w)dw+dIn =F——F——

Q Jo xijt (w)dw

—_—————

Intensive margin Extensive margin
where Q = Q, N Q1
e Trade elasticity :
7d|nP,-J-tx,-jti/d|nx,-jt( do b din Ja, Xiit(w 1

dIn Py o dinPy Jo xie(w )dw dIn Py

Intensive margin Extensive margin

e Simulation results :

e Intensive / SR elasticity = -2 (calibrated)
e Total / LR elasticity to a permanent (tariff) shock = -6.38



Firm heterogeneity : BMM, 2011

Figure I: Responses to RER changes by decile of size
(a) unit values

(b) volumes
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Firm heterogeneity : BMM, 2011

e Individual firms react in a systematically different way to a price
shock, depending on this size

e Trade elasticity :

oo dnPpXp [ dinx(w) i Jo, Xip(w)dw 1
dlIn Py o dInPj fQ xjjt(w)dw dIn Py
Intensive margin Extensive margin
> dlnx,,f«u) fo () 1

— = 7 I
Z Wijt—1 In Py +ain fo,-J-t(w)dw dIn Pj;

Intensive margin Extensive margin

(w) denotes the nominal sales of a firm w which belongs to

fQ Xjje—1(w)dw
the d-percentile of the distribution and wut 1= m is the
qQ Xij

where xut

share of firms in percentile d in total salesat t — 1



Firm heterogeneity : BMM, 2011

o |V strategy implies :

d d
dinxg(w) | a_q =S
dIn Py 5,‘;'71
d d
d_ dinXg d_ dinPg
where % = grrer, and €5 = ghrek,

e Estimation results suggest 9 increasing in d (quantities less
responsive to prices for large firms) because

e quantities are less responsive to ER (ef(' decreasing in d)

e prices are more responsive to ER (Eg increasing in d)

e Since large firms account for a disproportionate share of aggregate
exports, aggregate elasticities are driven down by large firms



Conclusion

e Trade elasticity is the key variable in international economics which
determines :
e The welfare gains from trade
e The transmission of shocks across countries (expenditure switching
effect)
e ...
e Given the importance, it is surprising that so little is known about its
value and variability across countries / sectors / time / etc.
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