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Introduction and Roadmap

- This lecture reviews quantitative trade models with industry-level scale effects.

- We consider on a generalized multi-industry Krugman model that
- nests the multi-industry Armington/Krugman models as a special case

- is isomorphic to the multi-industry Melitz-Pareto model and Eaton-Kortum model with
Marshallian externalities. (Kucheryavyy, Lyn, Rodriguez-Clare, 2022, AE]-Macro)

References:

- multi-industry model with scale effects: Lashkaripour, Lugovskyy (2023, AER)

- multi-industry model without scale effects: Donaldson, Costinot, Komunjer (2012, ReStud)
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Main Implications of Multi-Industry Models

- Multi-industry models predict larger gains from trade than single-industry variants, narrowing

the gap between the gains implied by structural models and reduced-form estimation.

- While the single-industry Armington/EK/Krugman/Melitz models are efficient, the
multi-industry model with scale effects describes an inefficient economy:

- too little output in high-return-to-scale industries — allocative inefficiency

- Trade can improve or worsen allocative inefficiency:
- trade induces specialization in low-return-to-scale industries — allocative inefficiency .

- trade induces specialization in high-return-to-scale industries — allocative inefficiency 71
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Environment

Many countries indexedbyi, n =1, ..., N

Many industries indexed by k, ¢ =1, ..., K

Each country hosts many symmetric firms
- firms are indexed by w

- firms supply differentiated varieties and are monopolistically competitive

Labor is the only factor of production

1

Country i is endowed with L; (inelastically-supplied) units of labor
- Tradeisbalanced: D; =0 — E; =Y; (Vi)
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Demand: Three-Tier Utility Function

- The representative consumer in country i has a three-tier utility function:

K
[cross-indutry| Uy =[] (Qix/ ,Bi,k)ﬁi’k
k=1
%
N U'kfl Uk_l
[cross-national] Qix = Z Qi
n=1
Bl 1R
[sub-national] Quik = [ / nij (W) 7 dw]
wEQn,k

- Bi is country i’s constant expenditure share on industry k.
- 0y > 1is the cross-national elasticity of substitution
- Yk = 0% is the sub-national elasticity of substitution b/w firm-level varieties

- Gnik (w) is the quantity of firm variety w from origin n-industry k.
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Demand: Nested-CES Preferences

- The representative consumer maximizes utility subject to their budget constraint:

max U;(qyi, - qpi) s.t. Z Z {/weﬂ Prik (@) Guik (w)| < E;
n,k

L —1n=1
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Demand: Nested-CES Preferences

- The representative consumer maximizes utility subject to their budget constraint:

K N
max U;(qy;, --- qni) s.t. Z Z {/ Prije (W) i j (w)] <E
% k=1n=1 L/ 0k

- The nested-CES demand function implied by utility maximization is

177/\’ 1_0']\
k(W Pyix
Pni k (w) ni k (w) = (Pnz ( )) X (L) X ,Bi,k E;
R Pnz,k P R Pz,k B

NV
sub-national share cross-national share
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Demand: Nested-CES Preferences

- The representative consumer maximizes utility subject to their budget constraint:

K N
max U;(qqj, - qn;) s.t. Yo ) {/{UEQ Prij (W) Gnij (w)} < E;
n,k

% k=1n=1

- The nested-CES demand function implied by utility maximization is

177/\’ 1_0—/(
ik (w Py
puia (@) iz ) = (L) (B6)
R Pnz,k P R Pz,k

NV
sub-national share cross-national share

where P; ;. and P; i are CES price indexes:

1
1- 1k 1
pni,k = [/Q Pni k (w) Tk dw} anz kUk
n,k

1
1(7k
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sub-national share cross-national share

The non-nested CES demand in Krugman (1980) is a special case where ¥, = 0y:

17(7]c
i w
N=0k —  Pnix(W)Gnix(w) = (Pn%i» By B
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Supply: Technology and Production

- There is a pool of ex-ante identical firms in country i, each of which can pay an entry cost

w; fi,k) to independently draw a productivity ¢ from distribution G; ().

- Upon entry, firm w with productivity @; s (w) can sell to country # with a constant marginal

cost: 1
Mcm k ( ) X Tink X w;
H/—/ trade cost Wwage

productivity

- For now, we assume no fixed overhead cost for serving individual markets — non

firm-selection into export markets

- The total cost faced by firm w from country i-industry k:
TCix (w) = wifix + Z ” ( Pr () A illink (w)

n= 1
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Supply: Optimal Pricing
- Productivity, ¢, uniquely determines the firm-level outcomes — we can specify firm-level
variables in terms of ¢.

- Firms are monopolistically competitive and set prices to maximize variable profits:

1
Pink (¢) = argmax {p - aTin,kwi} Dinj (p),

where Djy, x (p) = p~ 7¢®;;, x denotes the CES demand function facing firm varieties, with

D = Pz:yq]ikQﬂrk encompassing market-level shifters that firms take as given.

- The optimal price exhibits a constant markup over marginal cost

Yk 1
X— Tink Wi

Pink (@) = —
N——

markup
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Supply: Firm Entry
- The mass M =| Q;x | of firms that pay the entry cost to operate from country i is

determined by free entry (i.e., firms enter until profits are dissipated)

N 1
expected profits ~ Z Ey {(pm,k (¢) — ETin/kwi) Jink (4’)] —wifif =0

n=1_

NV
variable profits from sales to n
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Supply: Firm Entry

- The mass M =| Q;x | of firms that pay the entry cost to operate from country i is

determined by free entry (i.e., firms enter until profits are dissipated)

N
1
expected profits ~ Z E, %Pin,k (9) Gink (9)| —wifix =0

n=1_
NV

variable profits from sales to 1

- Noting that revenues from sales equal the input cost (i.e., wage payments) per industry, we can

derive a simple expression for M; j:
7

(

a=1

revenues from sales(i,k)

/\\

input cost
~ /—/\—\

Mz‘,k ZIE(/) [pin,k ( )qznk ( )]

N ik = ——Li
Y Ey [Pink (@) qink (9)] = 1ewifix Tefix

NV
free entrv condition 9/35



Aggregate Price Indexes

- The price index of the composite good sold by origin 7 to destination 7 in industry k is

% ].—")/k
— =% ko Tni kW
N (A Ce s S

1
— T 'kZUn
:]\41 Tk ( r)/k ) nt,
e\ m—=1) Puk

1

where @, = [ fq) q)'Yk_ldGn,k (go)] ! denotes average firm productivity.
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Aggregate Price Indexes

- The price index of the composite good sold by origin 7 to destination 7 in industry k is

L 1—¢ ﬁ
_ 1=k Y  TnikWn
1) / = { 1 Tk f— d/r - Ci(;
ii= ([, posle) o) (Mn,k (g ) n,k<<o>>
_1 .
:M1*7k ( Yk ) Tni kWn
vk \ve—1)  Quk

1
where @, = [ ffP q)’yk_ldGn,k (go)] ! denotes average firm productivity.

- Plugging M,, = ﬁLn,k into the above equation yields:

1

1
Yo\ (Yefur) ! =
Fuige = Tai <'Yk — 1) ;n,k wn L, "
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The Scale Elasticity

- Let Qi = Y TinkQin k denote the output of country 7 in industry k.

- Given that P;; xQ; x = w;L;, the TFP can be obtained as

Qi wi ( 1 B e
TFP ~ == = o— = (1= — ) @ix (W fip) ™™ < L}
" Lix Pk Ye/) ok
1 1
)Yk T,
where the last line uses P;;  — ( W:’f 1) ('kal(;_)k ¢ wiLilkv", as previously derived.



The Scale Elasticity

- Let Qi = Y TinkQin k denote the output of country 7 in industry k.

- Given that P;; xQ; x = w;L;, the TFP can be obtained as

Qik  w; 1 B
TFP ~Y z f— f— 1 PR — . . 1*’)/k X L k
l,k LZ K pu/k ,)/k qol,k (r)/k_fl,k) l,k

1
W) Ty . .
Wjﬁ) ('Ykﬁ(f_)k w;L; ™, as previously derived.
i, y

where the last line uses P;;  — (

- We refer to the elasticity of TFP w.r.t. employment size as the scale elasticity

81nTFPi,k . 1
alnLi,k B Yk — 1

~ scale elasticity



Aggregate Expenditure Shares

- National-level expenditure shares (within industry k) can be calculated using CES demand:

1—0 1—0y
A L= (Pin,k) k Pznk
ink —
Pi,k Z =1 ]ln kgk

where the price indexes are given by

1
Tk Yiefir) K !
Pinx = Tink ( ) (nefie) Wi Lllkvk
T —1 Qik '
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Aggregate Expenditure Shares

- National-level expenditure shares (within industry k) can be calculated using CES demand:

1—0 1—(7k
Ainp = (Pin,k . Pznk
ink —
’ Pik Z 1 Ok

=1 ]n k
where the price indexes are given by

1
Yk Yiefir) K =
Pipk = Tink ( ) (fi) w; Lilkvk
T — 1 Qik '

- Consolidating the above equations yields the industry-level gravity equation:

0.—1
Li,k Yk — Y1 Of— 1 1—U’k
(7)™ o (tmgw)
o—1

k
N (Lik\%T =1 (. 10k
Lj=1 (m) Pk (Tnkws)
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Aggregate Expenditure Shares

- To economize on notation, we use }{} and €} to denote the scale and trade elasticities:

0 In TFP; 1
U = 1 ik ~ scale elasticity
dln Li,k Yk — 1
oln (Ayir/ A
€ = — (Anige/ i) = 0 — 1 ~ trade elasticity
dln Tni k

- With this choice of notation, the industry-level gravity equation can be specified as
€ € —€
(Lije/ fir)™ @ (Tingwi) ™

Yt (Lix/ fix)™ " @5k (Tmawy) ™

ink —
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General Equilibrium

For a given set of parameters, { Tj,, r, ®i r, fi ks Bi ks Li, Mk, €k } i o €quilibrium is a vector of wages

and labor allocations, {wi, Lz’,k} i such that labor markets clear in all countries. Namely,

K
Y Aing (W, Li) X BikEn (wn) = wiLig Y Lig=L, (Vi)
n=1 k=

J/

-

demand for country i’s labor services in industry k

with the expenditure shares (A, ) and national expenditure levels (E;) given by
jige —€
Xik L;, K5 (i pawy)
Z 1?(/ /\ ', Kk (T/'n,/\'wj)itk

En (wn) = wyL, (Vi, balance budegt)

Aing (W, Lg) = (Vi,n, k)

where ) = f;{wq ¢:} is a constant specific to origin i—industry k.
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National-Level Welfare

- The indirect utility or welfare of the representative consumer in country i is
E; Y, wl;

p P B
where P; is the Cob-Douglas-CES consumer price index:

Bik _Pik
K 1—(7k K €

N
ST S| r=TT| R

k=1 | n=1 k=1 |n

I
—_
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National-Level Welfare

- The indirect utility or welfare of the representative consumer in country i is

1 1 1

where P; is the Cob-Douglas-CES consumer price index:

Bik
€k

K N
Pr=Cx [T | X xuk LI* (Tuigwn) ™
k=1 |n=1
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National-Level Welfare

- The indirect utility or welfare of the representative consumer in country i is

Ei_ﬁ_wilﬁ-
P PP

where P; is the Cob-Douglas-CES consumer price index:

=C X H ankL”k © (Tuigtwon)

encapsulates non-country-specific constants
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Accounting for Firm-Selection into Export Markets

The generalized multi-industry Krugman model presented above is isomorphic to the generalized
multi-industry Melitz Pareto model (Kucheryavyy et. al, 2023)
- Suppose firms from origin 7 incur a fixed cost wy, f;, x to serve market n —— the average
productivity in 7 is endogenously determined by firm selection.
- With a Pareto productivity distribution, G; ¢ (@) =1 — (A;jx/ @)%, the equilibrium is
represented by the same equations as before earlier.
- However, x and T have different interpretations and the trade and scale elasticities depend on
demand and productivity distribution parameters (0, i, 6%):
0 In TFP; 1 .
Uk = Tsz = 9_k ~ scale elasticity
_oIn (Apig/Aiik) Ok

AT, 146, (ﬁ _ ﬁ)

€ =

~ trade elasticity
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Performing Counterfactuals using Exact Hat-Algebra

- To perform hat-algebra it is useful to write the equilibrium conditions in terms of nominal
output or GDP (Y;) and industry-level output shares (y; ):
Yie _ wiLik

Yi = wiL;, Yik =N = L
1 11

- Under autarky, yf?{umrky ) — Bi k, but under trade, y; i # Bi k-
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Y; = wiL;, R
i L i Yi wiLi
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N K
Yie ~ yixYi = Y NingBuiYn] (Vi k); Y vig=1
=

n=1
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Performing Counterfactuals using Exact Hat-Algebra

- To perform hat-algebra it is useful to write the equilibrium conditions in terms of nominal

output or GDP (Y;) and industry-level output shares (y; ):
Yik _ wilik
Yi ZUZ'LI'

Yi = wiLz-, YVik = — Li,k - yi,kLi

- Under autarky, yf?{utarky) = Bik but under trade, y; x # Bi-

- We can re-write the equilibrium conditions in terms of {Y;} and {y; }:

N Yi erk T: Y —€k
YixYi = Z XikYik (TinkYi)

N o Hkek
n=1 | Lj=1 Xjk¥ix (TjnkY5)

(I+pr)e

where X« = XixL; ¥ encompasses constants specific to origin i-industry k.

K
e ﬁn,kYn (Vi/ k) ; Z Yi
k=1

1

(Vi)
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Performing Counterfactuals using Exact Hat-Algebra

- The welfare impacts of an arbitrary trade cost shock {Tm}l v can be calculated as

nsz
A Y; 5 K pixe o]
_ _ ~HkEk (4 -
Wi = B P=1] Z Aighset (TuigYo)
i k=1 | n=1

where Y, and Uk can be calculated with data on baseline expenditure shares,A;, x, GDP levels,

Y;, and industry output shares, y; k, via the following system:

]]kY'y'kY‘ . i )\inkyAik (fm kY)
iktiYikli — ~
n=1 Z] ]/\]nky] }]fk (T]n kY)

=B, A (Vi, k)

Y [Dikyi] =1 (Vi, adding up constraint)

K
[
k=1
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Performing Counterfactuals using Exact Hat-Algebra

- The welfare impacts of an arbitrary trade cost shock {fin}i ,» can be calculated as

Bik
oy o
=, ~TT| £ hustl (s ™|
i k=

where Y;, and Jn k can be calculated with data on baseline expenditure shares,A;, x, GDP levels,

Y;, and industry output shares, y; , via the following system:

NxK equations

N i€k (~ 7\ "€k
e KO (B Yi) .
DikYiyipYi =) Ninsk I kekmA — B, Y Yn (Vi k)
a1 | BN Ak 85 (B Y)
] ] jk ]
K
Y Digyip) =1 (Vi, adding up constraint)
k=1

N equations
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Growth Accounting with
Multiple Industries & Scale Effects



Growth Accounting: Multi-Industry Krugman Model

- The welfare impacts of a shock to trade costs {dIn T, x }; , , and aggregate productivity,

{dIng;x}; , canbe specified as
dinW; =dInY; —dIn P,
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Growth Accounting: Multi-Industry Krugman Model
- The welfare impacts of a shock to trade costs {dIn Tj, s }, , , and aggregate productivity,
{dIng;x};, canbe specified as

K N
dinW; =dInY; — Y Y AyixBixdIn Py
k=1n=1

- We can simplify the above expression by appealing to the CES demand structure:

dIn /\ni,k — dln/\ﬁ/k = —€g (d In Pni,k —dln Pii,k)
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Growth Accounting: Multi-Industry Krugman Model

- The welfare impacts of a shock to trade costs {dIn T, x }; , , and aggregate productivity,

{dIn @k}, canbe specified as

K N
dll’lWi = dh’l Yi — Z Z )\ni,k,Bi,kd ln Pm',k
k=1n=1

- We can simplify the above expression by appealing to the CES demand structure:

1
dIn Pni,k =dIn Pii,k — €_ (d In Ani,k — dll’l/\ii,k)
k

where P = C X ﬁ Y; yi_ky ¥, implying that

dIn Piz',k = —dIn Pi k +dInY, — “l/lkd lnyi,k
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Growth Accounting: Multi-Industry Krugman Model

- Plugging the expression for d In Pii,k into the welfare equation yields

K N
dinW; = dInY; — Y ) BisAnixdIn Pyix
k=1n=1

=dInY; — Z,szdlnpuk + ZZ ﬁlkAl’llk dll’l/\mk—dln/\”k)
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Growth Accounting: Multi-Industry Krugman Model

- Plugging the expression for d In Pii,k into the welfare equation yields

K N
dinW; = dInY; — Y ) BisAnixdIn Pyix
k=1n=1

=dInY; — Z,szdlnpzlk + EZ|: ,sz)\mk dln/\mk—dln/\”k)]

- Noting that ), Ay edIn Ay = 0and ), Ay = 1, the last line yields
1
dinW; = Y | Bix ( dIn @i + pedIny; o — e—kdln Aii k
k
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Growth Accounting: Multi-Industry Model with Scale Effects

We can decompose the resulting welfare impacts as
Hulten Aallocative efficiency

dll’IWi = Zyi,kdln Pik + Zyi,kykdlny,',k
k k

+Y 1 (Bix — vix) (uedIny;x +dIn @) — ﬁel:cdln Aii
T

/

Terms of trade effects
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Growth Accounting: Multi-Industry Model with Scale Effects

We can decompose the resulting welfare impacts as
Hulten Aallocative efficiency

danZ- = Eyilkd In (Pi,k + Cov (]/lk, dIn yi,k)
k

+ Y 1 (Bik — Vix) (i + dIngix) dIny; o — ﬁei:(d In Ajj g
R

. . Terms of trade effects
Allocative efficiency

- high-returns-to-scale (high-) industries produce below efficient levels — trade/productivity
shocks improve efficiency if they direct resources to these sectors, Cov (uy, dIny;;) > 0

s
Terms of trade effects (A PO PIices)
import prices

- ToT effects depend on the extent of trade-induced decoupling between expenditure and output
(Bix — Yix) and the change in trade openness (d In A;; ), echoing the ACR formula.
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Growth Accounting: Multi-Industry Model with Scale Effects

- Calculating welfare effects requires industry-level estimates for scale elasticities (p):
- Lashkaripour & Lugovskyy (2023) and Bartelme et al. (2024) provide such estimates
- The welfare formula presented in the previous slide holds non-parametrically if we treat 4 and
€ as local (and possibly variable) scale and trade elasticities.
- In the CES model, where yy and € are constant structural elasticities, the same formula
describes the impact of large changes or shocks to productivity and trade costs:

Hulten Aallocative efficiency

AlnW; = Zyz‘,kA Ing;r + Cov (pr, Alny;x)
k

+ Y 1 (Bix — vix) (i + dIngix) Alny; — '[j)ei];kAln Aii
2

Terms of trade effects
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Immizerising Growth Effects



Corrective Industry Policy in a Closed Economy

- The multi-industry model with scale effects is inefficient because high-returns-to-scale

industries have too little entry/output — there’s an efficiency rationale for industrial policy

- implementing corrective industrial policy (IP) can lead to negative terms-of-trade effects that

offset efficiency gains, resulting in immiserizing growth effects (Lashkaripour & Lugovskyy, 2023).
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Corrective Industry Policy in a Closed Economy

- The multi-industry model with scale effects is inefficient because high-returns-to-scale

industries have too little entry/output — there’s an efficiency rationale for industrial policy

- implementing corrective industrial policy (IP) can lead to negative terms-of-trade effects that

offset efficiency gains, resulting in immiserizing growth effects (Lashkaripour & Lugovskyy, 2023).

Corrective
Industrial Policy

Allocative Efficiency (+)
Efficiency Gain > TOT Loss — Higher Welfare

Worsened Terms of Trade (-) TOT Loss > Efficiency Gain — Immiserizing Growth
if Cov (p,e) <0
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Corrective Industry Policy in a Closed Economy Setting

To understand this effect let use consider the closed economy case, where y; = B;:
- Efficient IP provides a subsidy (1 + p) to each industry k

- it relocates resources from low-returns to high-returns to scale industries

- The resulting welfare gains are given by (fi = 1+ p)

A WD = Y7 [y i In (1) Z virfie] Y [y In (7))
k k
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Corrective Industry Policy in a Closed Economy Setting

To understand this effect let use consider the closed economy case, where y; = p;:
- Efficient IP provides a subsidy (1 + ) to each industry k

- it relocates resources from low-returns to high-returns to scale industries
- The resulting welfare gains are given by (fi =1+ p)

Al W) — E [l ()] — Ey, [i] InEy, [i] > 0

- The welfare gains represent the Bregman distance (with ¢ (i) = fi In (ji)) between scale

elasticities and their mean, measuring the sectoral dispersion in scale elasticities

Aln Wi(dosed) ~ Vary, [y
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Corrective Industry Policy in an Open Economy

- The gains from corrective industrial policy in an open economy include terms of trade effects

efficiency gains

AW = By, [(7)In (7)] — Ey, [A]InE,; [7] + Covy, (7, Alny,)

ik
— 2 ﬁ;A In )\ii,k — Z (yi,k — ei,k) Aln TFPi,k
K Ck k

/

terms of trade
- Covy, (1, Alny;) > 0, since corrective IP will raise the share of output in high-y industries
- in a closed economy sectoral output shares (y; = ;) are invariant to policy
- Y %A In A;; x accounts for the bulk of terms of trades effects
3 ,

- Aj; and € are the sufficient statistics for ToT effects a la ACR

- Y« (Wix — Bix) AIn'TFP; i represents the TFP gains passed onto foreign consumers
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Corrective Industry Policy in an Open Economy

- The gains from corrective IP in an open economy include terms of trade effects

efficiency gains

AlnW; = Ey, [(7) In (7)] — Ey, [A] InE,, [] + Covy, (1, Alny;)

2 Yik — Bik) AlnTFPlk—E’BlkAln)\”k
k

terms of trade
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Corrective Industry Policy in an Open Economy

- The gains from corrective IP in an open economy

efficiency gains

AlnW; = Ey, [(7) In (7)] — Ey, [A] InE,, [] + Covy, (1, Alny;)

E Yik _,sz AII’ITFPlk —E'BZkAln)\”k
k

terms of trade

Proposition: if Cov (g, px) is sufficiently negative, then corrective IP worsens the

terms of trade, leading to possible immiserizing welfare effects.
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Corrective Industry Policy in an Open Economy

- The gains from corrective IP in an open economy

efficiency gains

AlnW; = Ey, [(7) In (7)] — Ey, [A] InE,, [] + Covy, (1, Alny;)

E ylk_,sz AII’ITFPlk —E'BlkAln)\”k
k

terms of trade

Sketch of proof:
1. Corrective IP increases home’s competitiveness, and thus A;;, in high-y (low-€) industries and
lowers it in low-u (high-€) industries — Cov (%, Aln Aii) >0
2. trade shares are more sensitive to policy in high-€ industries — Eg, [AInA;;;] <0
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Corrective Industry Policy in an Open Economy

- The gains from corrective IP in an open economy

efficiency gains

AlnW; = Ey, [(77) In (1)] — By, [] InEy, [fi] + Covy, (1, Alny;)
2 ylk_,Blk AlnTFPZk_ZﬁlkAl /\zzk
k €k

terms of trade

Sketch of proof:
1. Corrective IP increases home’s competitiveness, and thus A;;, in high-y (low-€) industries and
lowers it in low-p (high-€) industries — Cov (%, Aln )\ii) >0
2. trade shares are more sensitive to policy in high-€ industries — Eg, [AInA;;;] <0

(1) & (2) — Z?AIH)\H* = Cov <i’AInAii> + Elg |:1:| Eﬁ [A h’l/\u] >0
2 -k
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Projected Immiserizing Growth Effects from IP

- Lashkaripour & Lugovskyy (2023) estimate scale and trade elasticities across various industries

and find that they exhibit a negative correlation:

Cov (pk, €¢) ~ —0.65

—— non-coordinated scale-correcting IP may lead to immiserizing growth effects.

- Counterfactual simulations reveal that for the average country:

- non-coordinated corrective IP leads to immiserizing welfare effects

- coordinated IP delivers sizable welfare gains

TABLE 5—IMMISERIZING EFFECTS OF NONCOORDINATED INDUSTRIAL POLICIES

Restricted entry Free entry
Unilateral ~ Coordinated Unilateral ~ Coordinated
Gains from corrective industrial policies —0.32% 1.67% —2.78% 3.42%

Notes: The data source is the 2014 World Input-Output Database (Timmer et al. 2015; WIOD 2021). The columns
titled “Unilateral” report welfare gains when a country unilaterally adopts industrial subsidies that restore marginal
cost pricing in the domestic economy. The columns titled “Coordinated” report welfare gains when all countries simul-
taneously adopt industrial subsidies that restore marginal cost pricing globally. The average gains are calculated as the
simple average across all 43 countries in the WIOD sample. Country-level results are reported in online Appendix X. 20735



The Gains from Trade with
Multiple Industries & Scale Effects



Deriving the Gains From Trade Formula

- Define the gains from trade as the ex-post gains from trade openness relative to autarky

(T = ) W, — WA 00
GTizﬁzl—exp </ dani>
1 T
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GT; =1—exp ( /T Y Bik (deln Yik — deln /\iz‘,k>>
k

(T = o)
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Deriving the Gains From Trade Formula

- Define the gains from trade as the ex-post gains from trade openness relative to autarky

0 1
GT; =1—exp ( /T Y Bik (deln Yik — deln /\iz‘,k>>
k

(T = o)

- We can calculate the gains from trade using our previous accounting formula by noting that

autarky corresponds to A;; = 1:

€ik
GTizl—eXp (Z‘Bl‘,k |:]/lk/ dlnyzk_i/ dln/\zlk:|>
k Yik uk

= 1-— exp (Z,Bi,k |: ykln <y1k) + 6111’1)\1'1'/]{:|>
k €k k
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- Define the gains from trade as the ex-post gains from trade openness relative to autarky

0 1
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k

(T = o)

- We can calculate the gains from trade using our previous accounting formula by noting that

autarky corresponds to A;; = 1:

K Bix mBix K - Pik
GTi=1- H <l> H)‘i?;c

k=1 \Yik k=1
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- We can calculate the gains from trade using our previous accounting formula by noting that

autarky corresponds to A;; = 1:
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Deriving the Gains From Trade Formula

- Define the gains from trade as the ex-post gains from trade openness relative to autarky

0 1
GT; =1—exp ( /T Y Bik (deln Yik — deln /\iz‘,k>>
k

(T = o)

- We can calculate the gains from trade using our previous accounting formula by noting that

autarky corresponds to A;; = 1:

K Bix HrBik K @
GTi=1-[] <”> X H)‘ii,’;c
k=1

k=1 Yik

scale effects

- We need the following sufficient statics to compute the (ex-post) gains from trade

D = {Aiik €k Yikr His ek}i,k
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How do Scale Economies Modify the Gains From Trade?

- The gains from trade formula feature the following shifter that accounts for scale effects

mﬁ (@) b = Covg (ptk,ln ('Bi’k>> + Eg [px] - Dxe (y; || B;)

i1 \Yik Yik

where Dy, (y; || B;) denotes the Kullback-Leibler divergence of y; from ;.
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- The gains from trade formula feature the following shifter that accounts for scale effects

mﬁ(%)”"ﬁ”‘—a)vﬁ (st (B ) 45 ] i 541 )

where Dy, (y; || B;) denotes the Kullback-Leibler divergence of y; from ;.

- With scale distortions (heterogeneous j/;): the gains from trade are larger if trade

integration elevates output in high-returns-to-scale industries—i.e., Covg (yk, In (51 :)) < 0.
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How do Scale Economies Modify the Gains From Trade?

- The gains from trade formula feature the following shifter that accounts for scale effects

mﬁ(%)”"ﬁ”‘—a)vﬁ (st (B ) 45 ] i 541 )

where Dy, (y; || B;) denotes the Kullback-Leibler divergence of y; from ;.

- With scale distortions (heterogeneous j/;): the gains from trade are larger if trade

integration elevates output in high-returns-to-scale industries—i.e., Covg (yk, In (51 :)) < 0.

- Without scale distortions (j1; = 7/): scale economies dampen the gains from trade:

K

Heik
€k i _
In]] <yl,k> =uDk(yi I B;) 20 — GL< 1- | |/\”k
k=1 L

GT w/o scale economies 32/35



Gains from Trade: with and without Scale Economies
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trade and Scale elasticities: Lashkaripour-Lugovskyy (2022); Data: WIOD 2014
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Multi-Industry Models Predict Larger Gains from Trade

- The gains from trade in multi-industry models w/o scale economies (ux = 0, Vk):

Bi,
GT!™" =1 s A S PR
- _H ii A7}

InA; .
where 1 = =Lk ﬁe’kk Tk i A~ Harmonic mean.

- Gains from trade in single industry models:
, 1
GTi(smgle) —1_ )\;

where € = [E(¢€y) is a (weighted) arithmetic mean, implicitly estimated when using aggregate

data to recover the trade elasticity.

- Jensen’s Inequality — €; < € — GTi(mUIti) > GTi(Single)
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Gains predicted by Multi-Industry vs. Single-Industry Model

without scale economies

% GT

single-industry  multi-industry

[reland 8%

Belgium 7.8%
Germany 4.5%
China 2.6%
U.S. 1.8%

23.5%
32.7%
12.7%
4%
4.4%

Source: Costinot €/ Rodriguez-Clare (2014) based on data from WIOD 2008.
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