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Introduction
@ Two approaches to measuring aggregate gains from intl trade:

Structural model to infer welfare gains As trade costs, trade patterns
» e.g. Eaton-Kortum 2001, Arkolakis-Costinot-Rodriguez Clare 2011

Empirical relationship btw trade & aggregate measures (real GDP)
» e.g. Frankel-Romer 1999, Rodriguez-Rodrik 2001, Feyrer 2009
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@ Two approaches to measuring aggregate gains from intl trade:

Structural model to infer welfare gains As trade costs, trade patterns

» e.g. Eaton-Kortum 2001, Arkolakis-Costinot-Rodriguez Clare 2011

Empirical relationship btw trade & aggregate measures (real GDP)
» e.g. Frankel-Romer 1999, Rodriguez-Rodrik 2001, Feyrer 2009

@ How do gains from trade in our models translate into aggregate
measures in NIPA (real GDP, real consumption)

Are aggregate measures informative of theoretical gains from trade?



Aggregate measures may not reflect gains from trade

@ A prices no 1° effects on aggregate productivity
» Kohli (04), Kehoe-Ruhl (08), Bajona-Gibson-Kehoe-Ruhl (10)
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q,
Revealed production choices with fixed production feasibility set F

po-g1 < po-qo
PL g1 = P1-qo
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Aggregate measures may not reflect gains from trade

@ A prices no 1° effects on aggregate productivity
» Kohli (04), Kehoe-Ruhl (08), Bajona-Gibson-Kehoe-Ruhl (10)

T (p) = maxp - q — L subject to g € F
q,
Revealed production choices with fixed production feasibility set F
Po-q1 < po-qo

PL g1 = P1-qo

» Kehoe-Ruhl (JEP 2010) “...standard trade models do not imply that
opening to trade increases productivity or real GDP, but that it
increases welfare”

@ Price indices do not capture changes in varieties
» Feenstra (94), Broda-Weinstein (06), Feenstra-Reinsdorf-Slaughter (09)

» Aggregate measures may underestimate gains from trade



Link theoretical and measured gains from trade

@ Does aggregate productivity, real GDP 1 with trade?
@ Under what conditions measured ~ theoretical gains from trade?

o Sufficient statistics across models for measured gains from trade
» Extends AB 2010, Arkolakis-Costinot-Rodriguez Clare 2011



Workhorse models (roadmap)

@ Armington (exogenous specialization), e.g. Anderson
@ Ricardian (endogenous specialization), perfect comp, e.g. EK

© Monopolistic competition, heterogeneous firms, constant markups,
e.g. Krugman, Melitz 4+ endogenous quality choice

Common factor intensities across producers

@ Trade costs: Variable iceberg trade costs, import tariffs, fixed costs

@ Measurement follows broad outline of BEA procedures
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Key Results

o Aggregate productivity 1} if price indices reflect |} trade costs

» Key: are trade costs incurred domestically or abroad?
» Measured aggregate productivity captures A production feasibility set
» Endog reallocation across producers not f} measured productivity

@ Real consumption & welfare-based consumption (CPI vs. Pyeifare)

» A variable trade costs: A world real C ~ %A world theoretical C
» Stronger conditions: %Areal ~ %Atheoretical C, ctry by ctry
» Biases in CPI cancel-out in GE

Adjusting price index for f} imported varieties overstates welfare gains

@ Given trade shares and %A in variable trade costs, %A real GDP and
%A world real consumption =~ across models

» Richer models no new measured gains because no new welfare gains



Related Papers
@ Bajona-Gibson-Kehoe-Ruhl (2010), Kehoe-Ruhl (JEP 2010)

Focus on implications of trade liberalization on real GDP when price

indices do not capture A in trade costs
We also study relation between real GDP, real C & welfare

@ Feenstra-Reinsdorf-Slaughter (2009)

Standard prodtivity measures may overstate prodtivity {) in US IT
GDP function approach of Diewort -Morrison (1986)

o Feenstra (1994), Broda-Weinstein (2006)

Measure bias in price indices due to growth in varieties
We show that, in response to variable change in trade costs, no bias
at the world (or country) level when jointly accounting for all biases



Armington Model with Exogenous Specialization
and Perfect Competition



Environment

@ Model of a representative industry

o Utility

@ Theoretical consumption

-1 -1
Cnt = |:/ dnt (CU) e dw]
Qnt

QO set of available goods in country n
1
I-p

@ Price level: P, = UQM Dt (w)lfp dw}

@ Assume C (or price, P), not directly observable



Production

@ Each producer specializes in single differentiated good

Production function: y = z/

Denote producers by i,z

@ Distribution of producers Mj; (z)

Results extend to multiple factors of production:

» C-D, CRS, production functions
» Common factor intensities across producers
» Fixed supply, or endogenous supply produced with final good



International Trade

@ )+ set of country i producers selling positive quantity in country n

» Allows for non-exporting producers

@ Exogenous specialization: Q) = Qjp

» Unless autarky, Q,y = &

e Variable trade costs: (Tj,+ — 1) /z units of labor in country i

» by producer or by domestic intermediary

o Aggregate resource constraint:

Z/ Tintqint/ZdM,‘t = Z,‘
n Qint



Perfect Competition

@ Producer prices: pjyr = Wit/ z
e Shipping prices: p;,, = (Tine — 1) Wi /z
» Includes any costs applying differentially to exports
* Anderson and Van Wincoop 2004

» Can also be carried within the producer: pj,; + p;,,

o Consumer prices: pint = Tine Wit/ z



NIPA

@ Consumption expenditures
Ent = Ppe Cor = Z/Q Pint Qintd My
n int

@ Current-dollar GDP
= Z/Q (pint + pisnt) qinthit
= Wil +11;

= Eit + 2/ pintqinthIt - 2/ pnitqnithnt
n#,’ Qine n;ﬁ,’ Qi



Aggregate measurement

@ Detailed components of GDP: industries, sectors, groups of goods

@ Real GDP in period t relative to period t — 1

RGDP; :< Y Pt—1G: )0'5< Y pP:q: )0'5
RGDP;_4 Y. pt—1qi—1 Y Ptqe—1

@ Real GDP in period T relative to 0:

RGDPr III RGDP;
RGDP, L RGDP;

@ Estimates of p;q; typically available, g; often not
@ Deflation method using price index P;/Pr_1

Pt—1q: = (PtCIt) / (Pt/Pt—l)

ptqt—1 = (Pt—lCIt—l) X (Pt/Pt—l)



Real GDP Using Aggregate Deflator

GDP; 0.5 0.5
it
o _RGDPy _ [ PPI/PPh GDP; _ _GDP; PPlyy
RGDP,‘t71 GDP;t,1 GDP,‘t,1 X Pﬁflit GDP,‘t71 PPI,‘t
it—1
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Real GDP Using Aggregate Deflator

GDP; 0.5 0.5
it
° RGDP;; PPl /PPl _y GDPj; — _GDPy PPli_1
RGDP,‘t71 - GDP;t,1 GDP,‘t,1 X Pﬁflit GDP,},l PPI,‘t
it—1

® GDPjt/GDPjt—1 = Wit/ Wir—1

@ PPl using FOB prices, exclude shipping services incurred abroad

PPl Lo Jog, Pinneiney (2 ) dMig 5 T Wi

— int
PPl 1 Yoo ngtpintoqinto dMiq, p Tint—1 Wit—1
m

_ fg,c . Pinty Gintgy dMitO
mn

» OF Ointe N Qint—1 N Qe Ajpr =
inty int—1 int int v, fﬂfnf Pintq q/'"fodM/'fo

int —
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Real GDP Using Aggregate Deflator

° RGDP; __  GDP; PPly_;
RGDPj;_1 — GDP;;_1 PPI;

GDP; __
GDPjiy 1 = Wit

PPl Y. Tt Wi
° pprT = Lo Aine M W

RGDP; 1
RGDPie—1 Y, oAt

o If T, < Tjpt—1 for some i, n, then RGDP;;/ RGDP;;_1 > 1



Real GDP and Reallocation

lint o Pint9int .
o RGD'D“‘ — Zn fQ/inr il:t a m’fntm dM't Lit 1
RGDPif_l En ‘/‘Qint_l i::tt:ll % p/ntanlt‘ilrlnfl dM,‘t71 Lit—l PPlit/PPI,'t_l

@ Value added per worker same across producers, %&’”;(Z) = W
m

@ Endogenous reallocation of production towards more productive
producers does not contribute to measured productivity, conditional

on trade shares



Real GDP Using Disaggregated Deflators

@ Destination specific deflators

GDPj,y 0.5 0.5

i

° RGDP,f _ E" PPlint / PPlins 1 Zn GD’Dint
RGDP,‘t,l - Zn GDP,’,,t,l Zn PP/cz;DPintil

int/PPlint—1

o PPlnt  _— Tiw Wi
PPlint—1 Tint—1 Wit—1




Real GDP Using Disaggregated Deflators

@ Destination specific deflators

> GDPjyy 0.5 0.5
o RGDPy N PPlins /PPlins 1 Y0 GDPint
RGDP;; 1 Y GDPint—1 GDPipy—1

Zn PPline / PPlipe 1

o PPlnt  _— Tiw Wi
PPlint—1 Tint—1 Wit—1

GDP;, _
@ Note that Zn prim—l = Zn fQint Pint—lqinthit



Real GDP Using Disaggregated Deflators

@ Destination specific deflators

GDP; 0.5 0.5
E int
° RGDP,f _ N PPlint /PPline—1 Zn GD'Dint
RGDP,‘t,l - Zn GDP,’,,t,l Z GDPjnt—1
n PPlint /PPlipt 1
o PPlnt  _— Tiw Wi
PPlint—1 Tint—1 Wit—1
GDPint — . . .
o Note that Y.y ppr, 78, = Ln Joy,, Pint—1qinedMie
Tl N 0.5
o RGDPy _ ( Lotz A — GDPu
RGDPje—1 ™ \ ¥, A1 7128 $ Nt T GDPyt
int—1
@ Real GDP based on aggr, disaggr deflators = to a 15 approx



Real GDP: Trade Costs Incurred Abroad
@ Producer prices: pjyr = Wit/ z
e PPl = W/ Wy, and RGDP;t /RGDPjy =1
@ More generally: If trade liberalization changes prices, at fixed

production feasibility set, then to a first-order approximation, real
GDP unchanged



Real GDP: Trade Costs Incurred Abroad

@ Producer prices: pjyr = Wit/ z

PPliy = Wit/ Wy, and RGDP;1/RGDP;g =1

@ More generally: If trade liberalization changes prices, at fixed
production feasibility set, then to a first-order approximation, real
GDP unchanged

Suppose all trading services produced in country is

GDP;; = Z/Q (Pisnt + Pnt) QisnedMie + ) Z/Q Bint Qintd Mt
n 2 int

isnt ,'75,‘5 n

If T;, falls for at least one pair of countries, real GDP;, rises



Real GDP: Tariffs

@ Add valorem import tariff: d;,; > 1

o Consumer prices: pint = dint (Pint + pfnt)

@ Current-dollar GDP inclusive of tariff revenues
= Z/Q (Pint + Bint) GinedMiz + Yz

= Wil +11; + Y,

= t + Z/ p/ntqmthlt Z/ pnltqnlthnt

n#i n#i

o Tariff revenues: Yy =Y, (dnit — fQ Pnit + P5;¢) Gnitd Mae



Real GDP from the expenditure side: Tariffs

@ Exports, import prices exclude tariffs, CPI includes tariffs

@ Real GDP index at t — 1 base prices:

3 nit s [ Exportsjny  Exportspi

RGDP;, w CPhnie/ CPlpie—1 * =7, | EPline /EPling 1 EPInje /EPlpe—y
1 p—

RGDP;;—1 — GDPj;_1 -




Real GDP from the expenditure side: Tariffs

@ Exports, import prices exclude tariffs, CPI includes tariffs

@ Real GDP index at t — 1 base prices:

3 nit s [ Exports;,¢ _ Exports,;y }
RGDP,‘t n CPInit/CP’nit—l nti EP’fnt/EP’int—l EPInft/EPInit—l
RGDPr, — GDPy: =

; fQint (pint—l +P7—1 ) Qined M1 +§ fom.t (dnit—1—1) (,bnir—l +Ppii—1 ) GnitdMpt—1

r fofnt—l (pfnt—l +l_3,'s,7t,1 ) Gint—1dMj_1+1 fnnit—l (dnit—l _1) (l_)nft—l""ﬁf”'t,l ) Gnit—1dMpe—1
n n

@ Real GDP rises if value of tariff revenues evaluated at
base-prices and base-tariffs 1}

Imported physical quantities must 1 weakly.



Real Consumption and Theoretical Consumption
@ Real consumption using aggregate deflators

RCnt Ent/Ent—l

RCnt—l N CPInt/CPInt—l

Pint i
EiJoc (p,-nto q,-mo> (P"nltrLl )d/\/l,to
Y fﬂfnt Pinty Gintg AMitg

CPly
where TPl =




Real Consumption and Theoretical Consumption
@ Real consumption using aggregate deflators

RCnt Ent/Ent—l

RCnt—l N CPInt/CPInt—l

. int
CPI,,t — Zl leqnt <pi"t0 qi"t0> (plnt 1 )dMItO
CPlpt—1 Y le_cnt Pintg Gintg dMiq,

where

o Difference between real-consumption and theoretical consumption:
CPI vs welfare-based price index

o Fixed set of consumed goods: standard substitution bias

CPlpnt < Pn¢ < CPly¢
C'Dlnt 1 to=t - Pnt—l - CPlnt—l to=t—1

o With fixed set of goods, %ACPI = %AP to a 1°¢ order approx



Real GDP and Real Consumption
e dlog RGDP;; = dlog Wiy — Y., Aintd log PPlip;

d IOg RCjt = d IOg Eit — Zi Enit/Eitd IOg CPIn,'t

dlog PPlipy = dlog CPlipy = dlog (Wit Tint)



Real GDP and Real Consumption
e dlog RGDP;; = dlog Wiy — Y., Aintd log PPlip;

d IOg RCjt = d IOg Eit — Zi Enit/Eitd |Og CPIn,'t

dlog PPlipy = dlog CPlipy = dlog (Wit Tint)
@ Trade balance, dlog Wiy = dlog E,;

@ Define country weights, si; = GDPj:/ Y, GDPp;

Zs;td log RGDP;, = Zs,-td log RCjy = Zs,-td log Ci¢

1
Y. GDP;,

@ World RGDP=RC, both specifications of trade costs and tariffs

Es,-tdlog RGDP;; = X ZZExports,-nt X dlog Tjy



Summary of Results, Armington Model

@ Real GDP and measured productivity {} in response to |} in variable
trade costs if GDP and price indices capture |} trade costs

» Key: Do changes in trade costs change production feasibility set?
@ Real GDP from expenditure side 1] rises if real value of tariffs 1)
@ %A Real >~ %A theoretical consumption, country-by-country

@ With balanced-trade, %A world real consumption ~ %A world real
GDP =~ %A world theoretical consumption, independently of where
trade services produced



Model with Endogenous Specialization and
Perfect Competition



Ricardian model

o All goods consumed every period
pue (2) = min {Bine (2) + Py (2))

@ Results on real consumption unchanged

@ Aggregate price index uses prices of continuing producers:

RGDP, 1
RGDP,'t_l - Zn T;L;T—tl )_\int

Aint = trade share of continuing producers )¢

int

o If use disaggregated deflators expressions for real GDP unaffected by
switching

» Equal to using aggregate deflators, to a first-order approximation



Model with Endogenous Specialization and
Monopolistic Competition



Model with Monopolistic Competition

@ Constant markups:

Wit Tint

= =s — __p
Pin (2) + Pir (2) = pin (2) p—1 z

(] Qint and M,':
Fixed domestic labor costs of selling in country n: fi,;
Free entry cost fg; to draw productivity from G; (z)

Both expensed



Model with Monopolistic Competition

o Assume II;; = x; X aggregate revenues by country i producers at
t=0andatleastonet=T >1

Three special case where this holds in steady-state
@ No fixed costs of selling in each market (i.e. fipz = 0)

@ Discount factor approaches zero (f — 1), x; =0

© G; (z) is Pareto, with free-entry or with restricted entry



Real GDP

e GDP; = Wi:L;/ (1 —x;), same change as perfect competition
@ Aggregate price index uses prices of continuing producers:

RGDP;t
RGDPjy

III GDP,t/ GDP,'t_l
=1 PPIit/PP/,'t_l

GDP;+ 1

GDPyy A\ PPI /PP,
1

Zn Tml m

Tin0




Real GDP

e GDP; = Wi:L;/ (1 —x;), same change as perfect competition
@ Aggregate price index uses prices of continuing producers:

RGDP;t
RGDPjy

o A fixed costs, foreign

III GDP,t/ GDP,'t_l
=1 PPIit/PP/,'t_l

. GDPr < 1 )
GDPyy A\ PPI /PP,
1
Zn Tml m

Tin0

size: trade shares A, real GDP not



Real GDP

e GDP; = Wi:L;/ (1 —x;), same change as perfect competition
@ Aggregate price index uses prices of continuing producers:

RGDP;t

RGDPjy

III GDP,t/ GDP,'t_l
=1 PPIit/PP/,'t_l

GDP;t < 1 >

GDPyy A\ PPI /PP,
1

Zn Tml m

Tin0

o A fixed costs, foreign size: trade shares A, real GDP not

o If use disaggregated deflators, real GDP unaffected by switching,
same as with exogenous specialization

» Equal to using aggregate deflators, to a first-order approximation



Real Consumption and Theoretical Consumption

@ CPI does not capture:
Substitution within continuing products

Changes in mass of consumed goods

e Country by country, real consumption # theoretical consumption



World Real Consumption and Theoretical Consumption

@ Assume trade balance in each country
In response to marginal changes in variable trade costs
Zs,-td log RGDP;j; = Zs,-td log RC;y = Zs,-td log Ci;
i i i

1
IZS,-tdlog RGDP;; = —m X ;;Exportsmt X dlog Tj,



World Real Consumption and Theoretical Consumption

@ Assume trade balance in each country

In response to marginal changes in variable trade costs
Zs,-td log RGDP;; = Zs,-td log RC;y = Zs,-td log Ci;
i i i

1

+dlog RGDPjy = — ————
2 5idl0g RODP: = =&

X ZZExportsint X dlog Tjp
1 n

Indirect effect on world theoretical price index from changes in set of
consumed goods (changes in mass of entering firms and changes in
exit and export thresholds) ~ 0 (AB 2010)

» CPI biases cancel-out at the world level in GE



World Theoretical Consumption

@ Free-entry in steady-state:

:BE/ Tin (Z dG ,BZ ]- - Z/nt) f/n - fE/

11— — 11— -
ﬂint(z) — zf lrintp Wiy P C — zf lTr'ntp L; e C]'*ps.
Wi o Pit nt o 1—x; it mnt

Pi.C
S, — lntont
int Pf; Ca



World Theoretical Consumption

@ Free-entry in steady-state:

:BE/ Tin (Z dG ,BZ ]-_ Z/nt f/n = fgi

ﬂint(z) — ZP?IT}nitp Wiy - C — zpilT%nitp Zi e C]'*ps.
Wi o Pit nt — o 1—x; it mnt
Pt Ca
Sint = WC;
o Log-differentiating and using envelope condition on Z;,;,

1
dlog Cir = — Z)\intd log Tint + ﬁ Z)\intd log Sint-
n n



World Theoretical Consumption

@ Free-entry in steady-state:

:BE/ 7Tln dG ,BZ ]- - Z/nt f/n = fgi

Tint (2 221y TP 2P \P 1—p
t( ) — nt (P,—: Cnt — 5 nt s Cit Sint ,

Wi 0
Pt Ca
Sint = WC;
o Log-differentiating and using envelope condition on Z;,;,

1
dlog Cir = — Z)\intd log Tint + ﬁ Z)\intd log Sint-
n n

e Trade balance (st Y, Aint = Snt Y Anit) and dlog Sipe = —d log Spit,
implies 2,‘ Sit Zn A,‘ntd IOg Sint = 0, SO

ZS,‘td |Og Cjt = — Esl't Z/\,‘ntd IOg Tint-
i i n



Measured Gains From Trade Across Models

@ %A real GDP and 1%t-order %A in world RC = across models, given
trade shares and %A in variable trade costs

@ Not arising from inadequacy of aggregate measures of real
consumption

@ Arising from underlying equivalence in welfare implications of these
models under some restrictions



Real, Theoretical Consumption Country by Country

e Fixed export costs paid in importing country and G;j (z) is Pareto

» Eaton, Kortum and Kramarz (2010)
o %A real C ~ %A theoretical C country by country

» Globally, model = Armington (ex-ante result in ACR)



Two country numerical example

@ Tipr = T21r = Tt and fior = hoyy

Pareto productivity G with slope 5 — EKK 2010
e p=3

A120 = 7%, A210 = 15%

L,/L, =2.05

Variable trade costs incurred domestically

Fixed costs incurred in exporting or importing country

Use disaggregated deflators to minimize substitution bias



Hgure 1: Gains fromreductions in variable trade costs, Fixed costs in exporting country

Country 1 (arge)
T T

= Theoretical consumption
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Figure 2: Gains fromreductions in variable trade costs, Fixed costs in importing country

Country 1 (age)
T T

012 F T T T
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= Theoretical consumption
01 = Real consumption
+ Real GDP
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Endogenous Quality

[

1 p-1 -1
o Cor = [ foy, ane (@) (@) ot ()7 de]”
e Fixed (expensed) labor costs to choose quality h (z; ajnt)

o Constant share of profits in steady-state if either

Qp—1

Q Pareto G, h(z;a) = h(z)a’



Endogenous Quality

@ If prices in PPl and CPI do not reflect A in product quality

» same expression for real GDP

» %A world real C ~ %A world theoretical C

» country by country if h(z; a) = z"a7, Pareto G, fixed costs abroad
» Indirect effect on theoretical price index from A in set of consumed

goods (changes in the mass of entering firms and changes in exit and
export thresholds) and endogenous quality changes ~ 0

o If prices in PPl and CPI adjust for changes in quality (or
productivity), %ARC > %AC



Multiple Factors
J o
oy = z/”‘LijJ , ocL—f—ZJJ:locj =1
j=1
@ Some inputs accumulated at the aggregate level (e.g. capital), other

inputs exogenously supplied

@ Consumption and accumulable inputs produced using final good
Cit + ijil Kiit = Qit

Also interpretable as intermediate inputs

J "
. RGDP;r _ Kir |7 1
o Real GDP: Zeppl = | I |:Kj.i0 T Taly
" Ting "

Tin

o First-order equivalence between real C and theoretical C
Y isiedlog Cie = — Y i sit [Zn Ained log Tine + d log cjt / VV:t]



Conclusions

@ Measured aggregate productivity ) when trade costs |} if production
feasibility set improves

@ Real consumption ~ welfare-based consumption (world or
country-by-country) when variable trade costs A

» Multiple biases in CPI cancel-out in GE

o Conditional on trade shares (of continuing producers) and A in
variable trade costs, all models considered deliver ~ measured
aggregate gains from trade

» Richer models no new measured gains because no new welfare gains

o Caution: measurement procedures in individual countries may differ
from US and recommended by UN

@ Measured gains from trade from additional sources? Variable markups



