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APPENDIX A: DATA APPENDIX

To CONDUCT the counterfactual exercises in Section 7, we use the World Input-Output
Database (Timmer, Dietzenbacher, Los, Stehrer, and De Vries (2015)). We use the 2013
release of the data for the final year, which has no-missing data, that is, 2008. We use the
2013 release because it has more detailed information on the factor usage by industry. We
aggregate the 35 industries in the database to get 30 industries to eliminate missing values,
and zero domestic production shares, from the data. In Table A.I, we list our aggregation
scheme, as well as the elasticity of substitution, based on Caliendo and Parro (2015) and
taken from Costinot and Rodriguez-Clare (2014) associated with each industry. We cali-
brate the model to match the input-output tables and the socioeconomic accounts tables
in terms of expenditure shares in steady state (before the shock).

For the growth accounting exercise in Section 7.1, we use both the 2013 and the 2016
release of the WIOD data. When we combine this data, we are able to cover a larger
number of years. We compute our growth accounting decompositions for each release of
the data separately, and then paste the resulting decompositions together starting with
the year of overlap. To construct the consumer price index and the GDP deflator for each
country, we use the final consumption weights or GDP weights of each country in each
year to sum up the log price changes of each good. To arrive at the price of each good, we
use the gross output prices from the socioeconomic accounts tables, which are reported
at the (country of origin, industry) level into US dollars using the contemporaneous ex-
change rate, and then take log differences. This means that we assume that the log-change
in the price of each good at the (origin, destination, industry of supply, industry of use)
level is the same as (origin, industry of supply) level. If there are differential (changing)
transportation costs over time, then this assumption is violated.
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TABLE A.I

THE SECTORS IN THE 2013 RELEASE OF THE WIOD DATA, AND THE AGGREGATED SECTORS IN OUR DATA.

WIOD Sector Aggregated Sector Trade Elasticity

1 Agriculture, Hunting, Forestry, and Fishing 1 8.11
2 Mining and Quarrying 2 15.72
3 Food, Beverages, and Tobacco 3 2.55
4 Textiles and Textile Products 4 5.56
5 Leather, Leather and Footwear 4 5.56
6 Wood and Products of Wood and Cork 5 10.83
7 Pulp, Paper, Paper , Printing, and Publishing 6 9.07
8 Coke, Refined Petroleum, and Nuclear Fuel 7 51.08
9 Chemicals and Chemical Products 8 4.75

10 Rubber and Plastics 8 4.75

11 Other Nonmetallic Mineral 9 2.76

12 Basic Metals and Fabricated Metal 10 7.99

13 Machinery, Enc 11 1.52

14 Electrical and Optical Equipment 12 10.6

15 Transport Equipment 13 0.37

16 Manufacturing, Enc; Recycling 14 5

17 Electricity, Gas, and Water Supply 15 5

18 Construction 16 5

19 Sale, Maintenance and Repair of Motor Vehicles.. . 17 5

20 Wholesale Trade and Commission Trade, ... 17 5

21 Retail Trade, Except of Motor Vehicles and... 18 5

22 Hotels and Restaurants 19 5

23 Inland Transport 20 5

24 Water Transport 21 5

25 Air Transport 22 5

26 Other Supporting and Auxiliary Transport. .. 23 5

27 Post and Telecommunications 24 5

28 Financial Intermediation 25 5

29 Real Estate Activities 26 5

30 Renting of M&Req and Other Business Activities 27 5

31 Public Admin/Defence; Compulsory Social Security 28 5

32 Education 29 5

33 Health and Social Work 30 5

34 Other Community, Social and Personal Services 30 5

35 Private Households with Employed Persons 30 5

To arrive at the contemporaneous exchange rate, we use the measures of nominal GDP

in the socioeconomic accounts for each year (reported in local currency) to nominal GDP

in the world input-output database (reported in US dollars).

APPENDIX B: PROOFS

PROOF OF THEOREM 1: Nominal GDP is equal to

Py Y. = Z(l —1/wi) piyi + waLf'

ieN¢

feFe

Throughout the proofs, let y. be the share of total world income accruing to country c.
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Hence,

dlog Py, +dlogY. =) (1 —1/p) A/ dlog((1 — 1/m)A})

ieN,

+ > Af(dlogw; +dlogLy),

feFe

dlog Y= (1 —1/u)A dlog((1 —1/m)A])

ieN¢

+ ZA;C(dlogwf +dlogL;) —dlog P-.

feFe

The price of domestic goods is given by

dlog p; =dlogu; —dlog A; + Zflijdlogpj + Zfl,-jdlogp/,

jeNe¢ J&Ne
which implies that
dlogp=(I — (N)f)fl(dlogp,i —dlog 4; + Q" (dlog A — dlog L) + Q" dlog p™),
where Q¢ is the cost-based domestic IO table, QF are cost-based factor shares, and QM are

cost-based intermediate import shares, and dlog p™ represents the change in the price of
imported intermediate goods. Use the fact that

dlogPy, =Y Qy,;dlogp;— > Al*dlogp;

ieN¢ ieN—N¢
=Y A(dlogu; —dlog A;) + > AJ*(dlog A, —dlogLy)
ieN¢ feFe
+ > Aldlogp,— > Aldlogp..
ieN—N¢ ieN—N¢

For an imported intermediate,
dlog p; =dlog A,YC —dlogg; + dlog GDP.

Substitute this back to get

dlog Y. = (1 —1/u)A dlog((1 = 1/m)A) + Y " Af*(dlogw, + dlog L)

ieN¢ feFe
— > Af(dlogp; —dlog 4;) — Y " A (dlog A; — dlogLy)
ieN, feFe

— Z f\,.YCdlogpi+ Z A)edlog p;

ieN—Nc ieN—N¢
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=Y AjdlogA;— > Al“(dlogu; — dlog 4;)

feF¥ ieN,
— > A (dlog Ay — dlogLy)
feF. .
— > (A* = A[*)(dlogA]* — dlogg; + dlog GDP)
ieN—N,
=Y AdlogA;+ > AfrdlogL;+ Y (Af*—AJ)dlogg;
ieN¢ feF, ieN—N,
+ Y " Af(dlogA[* +dlogGDP,) — > Al dlog
feF¢ ieN¢
— > "Aj(dlogA} + dlog GDP,)
feFe
- Z (Al — A))(dlog A/ +dlog GDP)
ieN—N,
=Y AdlogA;+ > AfrdlogL;+ Y (Af*—AJ<)dlogg;
ieN¢ feF, ieN—N;
—> Adlogu; — Y AfedlogAfs — > (Afe— AJ*)(dlogA))
ieN, feF, ieN—N,
+ [1 -~ (Z [\}c) - > (Ar- Afc)] dlog GDP,
feF, ieN—N
=Y AdlogA;+ > AfrdlogL;+ Y (Af*—AJ<)dlogg;
ieN¢ feF, ieN—N;
—> Adlogu; — Y AfrdlogAfs — > (Afs = Af)(dlogA)).
ieN, feF, ieN—N,

The last line follows from the fact that

P HEDDY Afc:[u > A,.Yf]

feF. ieN—N ieN—N, O.E.D.

PROOF OF THEOREM 2: Note that welfare is given by

Z CI)wafo + TC
. feF*

W, =

P

Hence, letting world GDP be the numeraire,

, dT -
dlogW, = A¢(dlogA) + ong ~ Qo) dlogp.
f c
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Use the fact that

dlog p; = Z‘i’,-jdlogAj + Z\if,«f(dlogAf —dlogLy)
jeN feF
to complete the proof.

Q.E.D.
PROOF OF THEOREM 3: For each good,

A= ZQm,ch + ZjS)\ja

where . is the share of total income accruing to country ¢ and €y, ; is the share of income
household ¢ spends on good i. This means

/\,»dlog /\,‘ = ZXCQWC,idIOgQWC,i =+ ZQj,‘)\jlengi + Zﬂjid/\j + ZQ%,i/\/C dlog)(c
¢ j J ¢

Now, note that
legQWc,,’ = (1 — HC)(dIOng - legPyc),

dlogQ;; = (1 - 6,)(dlog p; — dlog P; +dlog u;) — dlog u;,

A by
dlogxe =Y X—f dlogA, + Y = dlogu,

feF¢ iec ™

dlog p; =W (dlogu — dlog A) + PadlogA,

dlog P, = b'W(dlogu — dlog A) + b WadlogA.
For shock dlog w,, we have

dlogQy. ;= (1—6,) («if,-k +) WydloghAy— > Qu (\ifjk + Z‘I’jfdlog/\f)>,
f J f

dlong,-:(l—Bj)< k+qu,fdlogAf ]k—Z‘I’]fdlogAf>—0 dlog u;.

Putting this altogether gives

da, = ZZ(I - Oc)XcQWC,i<‘i’ik + Z‘i’,-fdlogAf
i c ¥
- Zﬂm,/ (‘i’/k + Z‘I’,f dlogAf>>\1f,.,
] !
+ Z Z(l 0,)Aju; ' (\ifik +> Wydloghy — Wy — > Wy dlogAf>‘If1

f f
— Ok Ax Z QW + Z Xe Z Qy, ¥y dlog x..
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Simplity this to

d/\l = Z(l — OC)XC |:Z Qm,J(qfik + Z\if’f legAf>\Ifll
c i f
— <Z QWC,i<\i’jk + Z‘Pﬂdlog[\f)) <Z QWC,i\PiZ):|
i 7 i
+ Z(l - QJ)AJ}L;1 Zﬁji (‘i,ik + Z\plf legAf)q’,[
J i f

— (Z jS‘lfil) (\if].k + Z \If]f leg Af)
i f
— 0 (Vi —1(I=k)) + ZXc Zﬂm,i‘l’il dlog x..
Simplify this further to get

dA =) (1 - 6.)x. Covye (‘i’m +) W dlogAy, ‘1’<l>)
” 7

+ Z(l — Oj)/\j/..bj_l Zﬁji <q,ik + Z\i’if legAf)\I’il
J i f

— (Z jS\pil> (Z Qj,'\i’[k + Z Qﬁ Z ‘I’if d 10g Af)
i i i f
_ Ok)\k(‘l’kz —1(l= k)) + ZXC ZQ%,-\P,-I dlog x..
Using the input—output covariance notation, write

d)\l = Z(l — OC)XC COVQ(%) (q}(k) —+ Z\i,(f) legAf, q’([))
c f

+ Y (1= 0)A;u;" Covae <‘P(k) +y Wi dlogAy, ‘1’(1)>
j /

— (1= 0 (Wi — LI = k) — O M (Vo = 1L = k) + Y xe D Qi ¥y dlog x..

We.

This then simplifies to give from the fact that ), Qy, ;¥ = A,

F
/\;dlog/\, = Z (1 — OJ)AJM;] COV<\~II(k) + ZlegAf, \If(/))

jeN,C I

= Me(Wi — 1k =1)) + > xA/“ dlog ..



NETWORKS, BARRIERS, AND TRADE 7

To complete the proof, note that
Y waLf—FZ(l——)P}’,
ieN¢

Hence,

1
] d(l——)
d(P,.Y.) —waLfdlogwf+Z<1— ;)p y: dlog(p; yl)+27%pyldlogm

lo
feFe ieN¢ ieN¢ d

In other words, since P,Y =1, we have

| o(1-5)
ZAfdlogwf+Z<1— ;),\ dlogA; +27’M’)\ dlog ;.

feFe ieN¢ ieN, dl g

Hence,

Ay A
dlog x. = Z —LdlogA;+ Z — dlog w;.
feFy € iec Xe QED

PROOF OF THEOREM 5: Proof of Part(1):

The expression for d*log Y follows from applying part (2) to the whole world. The
equality of real GNE and real GDP at the world level completes the proof.

Proof of Part (2):

Denote the set of imports into country ¢ by M,. Then we can write

)

1— —

dlogY. —ZAYCdIOgAf Z ( ri/) o A _ dlogPy,
dlog,u

dlogu; I dlog w; Py Y. w;  dlogu;’
where
dlog Py, Z dlogAf Z ;\chlogpm _3ve_ Z AYﬂdlogpm
dlog u; ; dlogp, &= "™ dlogu, ' & " dlogu;’
and

A=Y "0y Y,
j

Combining these expressions, we get

dlogY, ve  iveydlogAs ve  5voy 4108 P
dioga ~ 2N A ) alogu, T 2 (A g

feFe

dlogA; 1 Ao
+ a8 ( ——)+;—/\?.
o | dlogu M) i

meM,
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At the efficient point,

d’logY, _Z dA dA}* \dlogA,
dlog u;dlog i dlogu; dlogp, ) dlogux

iy droy  dAy \dlogp,  dAf
dlogu; dlogu;/dlogu, dlogu;

meM,
v. {dlog )\,ff 1 d,\Yc
A — i
dlog Py Y. dlog u;’
where §,; is the a Kronecker delta.
Using Lemma 8§,
d2 lOg YC legAf y leg Pm y
Qoo u-dloo . i - AW — AWy — 6
dlog p; dlog i Z fdlog;uk rg\; i dlog ux i (Wi )
dA; 1
— AYCSZ‘ 7’ ,
€ Ot dlogui Py, Y.
_ _Z \Yep dlogAf Z v, dlog p rop,
feFe leg M dlog i
y,<d10gpi dlogy; )
A
dlogu,  dloguy
y. dlogy;
7 dlogpy” Q.ED.

LEMMA 7: Let x, be the income share of country h at the initial equilibrium. Then

dlog/\ Wi dxn w
= AN (W — 8y).
dlog,uk Z X" dlog pe dlog ux Xh:dlogui / (3 = 8)

PROOF: Let u be the diagonal matrix of w; and 7, be a matrix of all zeros except u
for its kth diagonal element. Then

— d;\ _ /dQ(W) /
X dlog w =X dlog u X dlog

wl) + X//N\Iﬂkﬂ + X' A

dlog py”

where Q(W) is a matrix whose cith element is household ¢’s expenditure share Q, ; on
good i.
On the other hand,
A= X,Q(W) + A,
Form this, we have

da dx' dQw, dQ da
d 10g Mok d log Mok d lOg Mok d log Mok d l()g Mok
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Combining these two expressions,

dr __ dlogA dA  _ dlogh dy = )
v — _ 3 Q Q _ /)\(h)l Q.
(dlogﬂk X leng) (dIOng X dlogm) T dlogu AN

Rearrange this to get

( da _—'dIOg’\>— dx Q¥ — Y ADI, (¥ -1,

dlog X dlogu ) dloguk
or
dr _ dlogh dy =~
-X = Quny¥ — M, (¥ —1).
(dlog,uk X dlogpk> dlog w ) i ( ) QO.E.D.

LEMMA 8: At the efficient steady state

Ye 3 Ye
dA] dA!

- — A (W — 8y)).
leg,LLk leg[.Lk k( kj k/)

PROOF: Start from the relations

_)(j +Z)\YCQUa

and
j _XJC+Z)\ Hildij.
Differentiate both to get

dAf dAr dAf dAr
dlogu,  dloguy Z<dlogﬂk dlog

Rearrange this to get the desired result. Q.E.D.

PROOF OF COROLLARY 4: Let ) be the elasticity of social welfare with respect to the
consumption of country 4 (i.e., log Pareto weight). Then

dlogW™ Z _wdlogW, Z_W<dlogx,’f B dlogPCpi,h)
dlog " dlog i dlogu,  dlogu

1
1- —
legX;V,szﬂdlogAf Z ( Mi)
dlog ux = X dlog ux dlog;uk xn

dlogPLp,h Z thlogAf LA
dlog ! dlog,uk ke
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Hence, assuming the normalization Py Y =1 gives
d*log W5
dlog u, dlog u;

Z < dAf legAfi Z Af d IOgAf
dlogu; dlogu x}/ - x) dlogu;dlog

B ZﬂdlogAf dlog x}/ d A, L n dlog x)/ Y 50
xy dlogu dlogu; — dlogu; x) me — x) i dlogpmi  xj i
1 1
1 —

1- —
Z po, dh 1 ) da; p; dlog x;/
leg Wi leg pme xno dlogug wixy dlogp, x, dlogpu,

¥ dAY" dlogA, Z dlogA; dAy )
— dlog u; dlog A dlogu;dlogu,  dlogp, )’

At the efficient point, this simplifies to

d*logw® 5 dlogA; [ dA; S dA
dlogpudlogu; 4~ dlogp \dlogu, 4 X dlog i
d A, — dA,” Z dlog A, dlog x)/
dlogu;, 4 Xi dlog w; T dlog i dlogu:
dlog " dx,
— A — MOy
dlogu; dlog i
By Lemma 7, at the efficient point
W,
dAJ dA;” dX;V,V 3

Whence, we can further simplify the previous expression to

d*log W5

dlogpucdlogu; <~ dlogpu dlog,u e

dXh Wh legAf leth
— M (Y i E
— dlog p; (Wi = Oue) = dlog,uk dlog u;

dA;
dlog w; — Ay
dlog X OB #i = Ok +d10g,uk

_ Z leg Af (Z dd)(h Wh )\,'\I'r,‘f)
f

dlog puy log w;
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d)(h XW/'—)\\II —ZA legAfleg)(h
— dlogu; * T " dlog py dlogp,

n dA;
Mt Tlogme

k
— d
dlog x»

and using dlog A; = dlog p; + dlog y;,

:ZdIOgAf( d xn Wh /\_\P_f>

dlog dlogu
~ dlogAfdlo
Wh g A\f g Xn
— AV — A
Zdlog i A k Zh fdlog,uk dlog w;
dlog p; dlog y;
- dl i+ A i
dlog x» Og it dlog dlog

_Z hdlogxh ?,hdlogAf )\‘Z‘I’ifdlogAf
dlog u; dlog dlog

f

dlog xn ~w, dlog x, dlog A,
, A AT — Y A
+;X/d10gm k =2 "dlogw: dlog s

dlog x» dlogy;
k + A
dlog u; dlog ui

log A
+/\(le dog f lk)

lfdlog,u

. Z dlog x» dlogAf(

X —As
~ dlog p; dlog u W /)

+Aid10gyi+z dlog xy ymw, _, dlogxs

dlog "dlogu; ¥ "Fdlogu,
dlogy; dlogxh(~W dlog Ay ~W)
=/\,' A h /\ h
dlogie T 2=X" dlogu \ M logpu, T

_Zdloth dlogAfAf_/\ Zdloth
—~ dlog u; dlog dlog u;

1 dlog y; Z dlog x, dlog Py

‘dlogue 4 X dlogp; dlog
dlog A dl dl
_(Z 08 fAf)(Z 0th>_’\kZ O8 X
— dlogue - — dlog w; — dlog

.dlogy,- dlog x, dlogP,.,;s
"dlog ux dlogu;’ dlog uy

11
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since

1
(128 (1- )
dlogA, dA, X,: AN

_Xf:dlog,ukAf:_Xf:d - =M

logu dlog

at the efficient point, and

Z dlog x» _0
X dlogpy Q.E.D.

h

PROOF OF THEOREM 6: From Theorem 5, we have
L= ! E (dl YA dl
=—= o ogy,.
2 1 g1 A g Vi

With the maintained normalization PY = 1, we also have

dlogy, =dlogA, —dlog p;,

dlog py=Y_WydlogAs+ Y Wy dlog i,
f k

where, from Theorem 3,

A
leg A= Z(Blk — Tk\Pkl> leng
l

k

/\,
-2 72(0_,- —1) Covyi <Z Wy dlogpu — Y Wy dlogA,, qf(l))
j k

8

1
+ X Z Z(A,Wc — M) @A dlogA,,

geF* ¢

and

.
dlogA; = — Z/\kA—’;f dlog wy
k

A0
- 2}: A;(6; — 1) Cov (Xk: W dlog i — Zg: W, dlogA,, A—f

1
+ DD (AT = Ap)DAgdlogA,.

! geF* ¢
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We will now use these expressions to replace in formula for the second-order loss func-
tion. We get

1 0 v
L=—= ZZ(i N lk)/\k)\zdloglik dlog

1
+5 XZ:)\,dlog,uIXf:\If,fdlogAf

1
+5 > (dlog i) A;(8; — 1) Covyg (Z Wy dlogu — Y W, dlogA,, qf(l))
1 j k g
1 .
~3 Y diog (Z S0 - A,)q)chgdlogAg),

1 61k lI,Zk
c--1 ZZ(/\_k - )m,dlogukdlogm

1
+5 ZA,dlogM,Xf:w,fdlogAf

1
+5 D> (dlogp)A;(6; — 1) Covag) (Z W dlogpe — ) Wy dlog Ay, ‘I’U))
i j k g

1
) (Z(/\;VC - )\z)Xcdlog)(c) dlog ;.

! c

We can rewrite this expression as
L=L+Lx+ Ly,

where

1 \Pkl 5kl \I,lk - 61k 5kl
] = Z|: + )\k +/\_1_1:|/\k)\ldlongdlong

ZZZdlongdlogmA (6; — 1) Covoor (W), V)
k J
1 v
E ZZ( ¥_ )/\[AflegMIdIOgAf
L f
~5 szlog prdlog A Y~ Xi(6; — 1) Covo (W), W),
Log J

1
Ly = -3 (Z()\,W“ — /\l)xcdlogxc> dlog ui,

! c
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where dlog A is given by the usual expression.! Finally, using Lemma 10, we can write
1
=5 > > (dlogm)(dlog ) Y A;6; Covaa) (W, W),
Ik i

and

1
[’X = _E E E leg/.lelOgAg E )\]0]- COVQ(j)(\If(g),‘I’([)). QED
1 g J

LEMMA 9: The following identity holds:
Z Aj ( /kq’/l - Zﬂjmq,mk\pml> = /N\k)\l'

PROOF: Write () so that it contains all the producers, all the households, and all the
factors as well as a new row (indexed by 0) where Q; = y; if i € C and 0 otherwise. Then,
letting e, be the standard basis vector corresponding to the Oth row, we can write

N=e,+NQ,
or equivalently
NI —Q) =e.

Let X* be the vector where X* = WV, ¥,,. Then

Zﬁ<1ﬂm ZFMMMMO_AU 0)xH

=ey(I - Q) '(I - Q) X"
= e;)Xkl = \ifokq’()] = Xk/\l- QED

LEMMA 10: The following identity holds:

A M A

Z AleL]'_l Covai (‘i’(k), W) = A

J

WV, —8p Wu—08u Sn A
|: lkA lk+ kl kl+ lk k]
k

'We have used the intermediate step:

1
=3 ZZAM,dlog,uk dlogu; + 3 Z Zdlog,uldlog/\f/\,\lflf
Lo f

-5 Z > " dlogudlogAg ¥ A;(8; — 1) Coveoy (¥(e), W)
I g J
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PROOF: We have

> Aw; Covan (W, )
j

= Z /\ij—l |:Z Qjm\irmk\l,ml - (Z Qjm\i,mk) (Z Qjm\lrml>:| 5
J m m

m

or

> At Covan (Wi, ¥y

J
= Z )\j ZQjm{Pmk\Pml - Z )\jI-L]-_l <Z Qjm\I,mk> (Z Qjmq,ml) ’
j m j m

m

or

> Aw;! Covan (Wi, Yay)

J

= Z )\] ZQjmq,mk\I,ml - Z /\j’\i,]k’\I,][
j m J
+ Z /\j\i,jk\pjl — Z )\j,u;] (Z ﬁjm\Pmk) (Z ﬁjm\Pml> >
J i m mn
or using, Lemma 9
Z /\j[.L;] COVQ(/) (‘i’(k), q’(])) = —;\k/\l + Z /\jquk\lfjl - Z /\j(\i’jk - 8jk)(\IIjl - 81'/)7
j J J

and finally

YV —8p Wu—08u Sn A
lk lk + kl kl+ lk k

Ak Al Ak M]'QED

Yoy Covan (W, W) = Ak [

J

PROPOSITION 1—Structural Output Loss: Starting at an efficient equilibrium in response
to the introduction of small tariffs or other distortions,

1
AlOg Y~ —z Z Z AlOg,LLkAIOgMZ Z )\/’91' COVQ(,') (\P(k), \I’(/))

leN keN JeN
1
~5 Y > AlogAgAlogp, Y A6, Covy (Ve W)
leN geF JjeN
1
+ 3 Z Z)(?/Alog X?’Alog,u,[(/\,W“ —\i).
leN ceC

PROOF: The proof follows along the same lines as Theorem 6. Q.E.D.
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APPENDIX C: ADDITIONAL EXAMPLES
C.1. Writing an Economy in Standard Form

We use a two-country example to show how to map a specific nested-CES model into
standard-form required by Theorem 3. Suppose there are n industries at home and for-
eign. The utility function of home and foreign consumers is

W= ﬁ(x()i)ﬂma W, = li[(x(?i)ﬂo",
i1 i=1

where x; and xj; are home and foreign consumption of goods from industry i. The pro-
duction function of industry i (at home or foreign) is a Cobb—Douglas aggregate of inter-
mediates and the local factor

yi= L%L fj)” .
i=1
Suppose that the intermediate good x;; is a CES combination of domestic and foreign
varieties of j, with initial home share (}; and foreign share 37 =1 — );, and elasticity of
substitution &; + 1. Since the market share of home and foreign in industry j does not vary
by consumer i, this means there is no home-bias.
In standard form, this economy has N = 3n producers: the first n are industries at home,
the second n are industries in foreign, and the last n are CES aggregates of domestic and
foreign varieties that every other industry buys. The HAIO matrix for this economy, in

standard form, is (2+3n+2) x (24 3n+2):

[QOi]?:l 0 0 ]
0 0 0 [Qo], 0 0
0 ‘ 0 ‘ 0 ‘ [Q’f ]Zj:l ‘ [QiL ]:11
=19 ‘ 0 ‘ 0 ‘ [QU]Z/:l ‘ 0 [Q‘L]nl
0 0 0 0
L0 | 0 | 0 | 0 0 0

The first two rows and columns correspond to the households, the next 2n rows and
columns correspond to home industries and foreign industries, respectively. The next n
rows and columns correspond to bundles of home and foreign varieties. The last two rows
and columns correspond to the home and foreign factor. The vector elasticities of substi-
tution @ for this economy is a vector with 2+3n elements 0 = (1, ..., 1, &1+1,..., &, +1),
where ¢; is the trade elasticity in industry i.

Now that we have written this economy in standard form, we can use Theorem 3 to
study the change in home’s share of income following a productivity shock dlog 4; to
some domestic producer j:

legAL N A] SJQ*Q]L ~0
legA AL )\QzL 1L -
1+ QF
P vy
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which is positive as long as domestic and foreign varieties are substitutes ; > 0 for ev-
ery j. The numerator captures the fact that a shock to j will increase demand for the
home factor if j uses the home factor ();;, > 0. The denominator captures the fact that an
increase in the price of the home factor attenuates the increase in demand for the home
factor by bidding up the price of home goods.

The positive productivity shock to j will therefore shrink the market share of every
other domestic producer, a phenomenon known as Dutch disease. To see this, apply The-
orem 3 to some domestic producer i # j to get

leg A * QiL legAL
= —&L < V.
dlog A4; "1—-A, dlog 4;

In words, the shock to j boosts the price of the home factor, which makes i less competi-
tive in the world market if 7 relies on the home factor (); > 0. Hence, if ¢; > 0 for every
J, a domestic productivity shock to one sector will cause Dutch disease and shrink the
market share of other domestic producers by bidding up home wages.

C.2. More Details on Example IV From Section 6

First, the forward propagation equations (7) from Theorem 3 imply that the change in
the price of each good is

Y,

1-¥
dlogp=Y Wy dlogu + A dA, — %ﬁ”[dm + Z/\idlogui]
keN i

The first term captures the direct effect of the tariff on the price of each good, the second
term captures the effect of the change in the wage of domestic workers, and the last term
captures the effect of changes in the foreign wage. Here, we use the fact that the change
in the foreign wage relative to world GDP is the negative of the change in the home wage
and the tax revenues collected (the expression in square brackets).

Substituting the expression for prices into the backward propagation equations from
Theorem 3 yields the following expression for the home factor’s change in aggregate in-
come:

dA
—dlogur + Z )\k(l - Ok) COVQ(k) (qI(L): ‘I’(M) dlogu + \II(L) R

+(AVE =AY dAg
1—AL
keN

dA; =

1 2
1-— m lgv)\k(l — Gk)Var“(k) (\P(L)) — (AZV — AZV*)

(20)
where dlogu, =Y, AWy, dloguy and Wy dlogu =3,y Y dlog u. The tariff rev-
enues are d Ag = ), A, dlog u,. Each term in (20) is intuitive: the numerator is the effect
of the tax in partial equilibrium, holding fixed factor prices in terms of world GDP. The
denominator is the general equilibrium effect capturing the endogenous substitution and
income redistribution effects triggered by changes in factor prices. This comes from solv-
ing the fixed point for factor shares dlog A in Theorem 3.

To understand the intuition, consider the numerator, which consists of three effects.
The first summand in the numerator is the direct incidence of the tax on the home labor,
taking into account supply chains. The second term, involving the covariance, is how the
tax causes substitution by changing relative prices of goods, and the covariance captures
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whether or not goods whose relative prices rise tend to be reliant on home labor. The final
term in the numerator captures the fact that the tariff revenues, by redistributing income
between home and foreign, change demand for the domestic factor. The denominator
then accounts for the fact that the partial equilibrium change in factor prices result in
additional rounds of expenditure-switching due to substitution and income redistribution.

From home’s perspective, the ideal tariff, which raises home wages relative to foreign
wages, is one which is imposed on goods that do not directly or indirectly use the domestic
factor. For such goods, dlogu; = 0. Furthermore, if substitution elasticities are greater
than one, 6, > 1, then the ideal tariff should be levied on goods, which negatively correlate
with domestic factor usage, in which case Covw (W), ¥ dlogu) < 0. In other words,
if a good is heavily exposed to the tax, then it should also be heavily exposed to foreign
(rather than domestic) labor.

APPENDIX D: COMPUTATIONAL APPENDIX

This Appendix describes our computational procedure, as well as the Matlab code in
our replication files. Before running the code, customize your folder directory in the code
accordingly. Notice that the description below is based on the generic version of the code
under flexible wages stored in “Generic” folder.

Writing nested-CES economies in standard form is useful for intuition, but it is compu-
tationally inefficient since it greatly expands the size of the input—output matrix. There-
fore, for computational efficiency, we instead use the generalization in Appendix E to
directly linearize the nested-CES production functions without first putting them into
standard form.

Overview

First, we provide an overview of the different files before providing an in depth descrip-
tion of each.
main_load_data_rev.m: Function that calculates expenditure shares from data.
main_dlogW_org.m: Main code that loads inputs and calls functions to iterate.
AES_func.m: Function that calculates Allen-Uzawa elasticities of substitution.
Nested_CES_linear_final_rev.m: Function that solves the system of linear equations
described in Theorem 3.

5. Nested_CES_linear_result_final.m: Function that calculates derivatives that are

used to derive welfare changes or iterate for large shocks.

While 1. and 3. are specific to our quantitative application, 2., 4., and 5. are general
purpose functions that can be used to derive comparative statics and solve any model in
the class we study. We now describe each part of the code in some detail.

bl

1. Function Code That Loads Aata

The data used here is based on 2013 release of World Input—Output Database in year
2008. According to Appendix A, there are C = 41 countries including ROW (rest-of-
world), and N = 30 sectors in each country. The code is flexible in terms of which coun-
tries to be included in the analysis by keep_ c input variable. Any countries not included
in keep_c are put into an aggregate rest-of-the-world composite country. The order of
countries are in countries variable in the main code. Notice that we always exclude
35th country for ROW for keep_c input and put ROW in the last for welfare output.
For example, this is why USA is 41st country for input, and 40th country for output.
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Code: main_load_data_rev.m
Data Input:

1. Trade elasticity when a country imports or buys inputs in each sector from different
destinations (trade_elast: N by 1 vector)

2. Input-output matrix across country and sectors (Omega_tilde: CN by CN matrix,
(i, j) element: expenditure share of sector i on sector j)

3. Household expenditure share on heterogenous goods (beta: CN by C matrix, (i, ¢)
element: expenditure share of household c on sector i)

4. Value-added share (alpha: CN by 1 vector, (i, 1) element: value-added share of
sector i), Primary Factor share (alpha_vA: CN by F matrix, (i, f) element: expen-
diture share of sector i on factor f out of factor usage)

5. GNE of each country relative to world GNE (GNE_weights: C by 1 vector)
6. (Optional) If there are initial tariffs:

(a) Tariff matrix when household (column) buys goods (row) — Tariff_cons_
matrix_new: CN by C matrix ((i, c¢) element: tariff rate of household c, desti-
nation, on sector i, origin)

(b) Tariff matrix when a sector (row) buys goods (column) — Tariff matrix_
new: CN by CN matrix ((i, j) element: tariff rate of sector i, destination, on
sector j, origin)

User Input:
1. keep_c controls which countries to be included. For example,
Command keep_c = (1:41); keep_c(35) = []; include all 41 countries
in the data.

2. If the economy does not have initial tariff, initial_tariff_index = 1. Other-
wise, if the economy has initial tariff, = 2.
3. If factors are country-specific (4 factors per country), factor_index = 1. Other-
wise, if factors are country-sector-specific (N factors per country), = 2.
Outputs:

1. data, shock struct
From the inputs, the code automatically calculates input shares (beta_s,beta_disagg,
Omega_s, Omega_disagg, Omega_total C, Omega_total N) and the input-
output matrix (Omega_total_tilde, Omega_total). These variables are used to cal-
culate Allen—-Uzawa elasticities of substitution and solve system of linear equations.

2. Main Code That Loads Inputs and Calls Functions
Code: main_dlogW _org.m
Data Input:

1. data, shock struct from main_load_data_rev.m

User Input:

1. Elasticity of substitution parameters for nested CES structure: Elasticity of substitu-
tion (1) across sectors in consumption (sigma), (2) across composite of value-added
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and intermediates (theta), (3) across primary factors (gamma), and (4) across in-
termediate inputs (epsilon). In the text of the paper, these elasticities are rela-
beled as (O', €, 0, ’y) = (00, 91, 92, 93)

. If the economy gets universal iceberg trade cost shock, shock_index = 1. Other-

wise, if the economy gets universal tariff shock, = 2.

. When intensity of shock is x%, intensity = x.
. When shock is discretized by x/y% and model cumulates the effect of shocks y

times, ngrid = y.

. Ownership structure

(a) Ownership structure of factor (Phi_F: C by CF matrix, (c, f) element: Factor
income share of factor f owned by household c)

(b) Ownership structure of tariff revenue (Phi_T: C + CN by CN + CF by C 3-
D matrix, (i, j, ¢) element: Tariff revenue share owned by household ¢ when
household/sector i buys from sector/factor j)

. (Optional) Technical details about how to customize iceberg trade cost shock ma-

trix d log 7 and tariff shock matrix dlog ¢ are described in Nested_CES_linear_final_
rev.m

Output:

1.

2.

dlogW (C by ngrid matrix) collects change in real income of each country for each
iteration of discretized shocks

dlogW_sum (C by 1 vector) shows change in real income of each country from lin-
earized system by summing up dlogW

. dlogW_world (1 by ngrid vector) is change in real income of world for each iter-

ation of discretized shocks

. dlogR (C by ngrid matrix) collects reallocation terms of each country for each

iteration of discretized shocks

. dlogR_sum (C by 1 vector) shows reallocation terms of each country from lin-

earized system by summing up dlogR

3. Allen-Uzawa Elasticity of Substitution (AES)

This code computes Allen—-Uzawa elasticities of substitution for each sector. These are
then used following Appendix E.

Code: AES func.m
Inputs:

1.

2.

Number of countries (C), Number of sectors in each country (N), Number of factors
in each country (F)

Elasticity of substitution parameters for nested CES structure: That is, (o, €, 6, y) =
(69, 01, 65, 05).

. Trade elasticity when a country imports or buys domestic product (trade_elast:

N by 1 vector).

. Value-added share (alpha: CN by 1 vector, (i, 1) element: value-added share of

sector i).

. Expenditure shares:

(a) bi(beta_s: C by N matrix, (c, i) element: How much household ¢ consumes
sector i good).
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(b) wi(Omega_s: CN by N matrix, (ic, j) element: How much sector i in country ¢
uses sector j good).

(©) fl?fn (Omega_total_c: Cby CN matrix, (c, jm) element: How much household
¢ buys from sector j in country m).

(d) Qj;(Omega_total_N: CN by CN + CF matrix, (ic, jm) element: How much
sector i in country ¢ buys from good/factor j in country m).

Outputs:

1. 6y.(ic’, jm) (AES_C_Mat: CN by CN by C 3-D matrix, (ic/, jm, c) element: AES of
household in country ¢ that substitutes good i in country ¢’ and good j in country m)

2. Okc(ic’, jm) (AES_N_Mat: CN by CN + CF by CN 3-D matrix, (ic’, jm, kc) element:
AES of producer of sector k in country c that substitutes good i in country ¢’ and
good/factor j in country m)

3. i.(fc, jm) (AES_F_Mat: CF by CN + CF by CN 3-D matrix, (fc, jm, kc) element:
AES of producer of sector k in country c that substitutes factor f in country ¢ and
good j in country m)

To describe how this code functions, we introduce the following notation.

Notation:

Let pX be the bilateral price when industry or household & in country ¢ buys from
industry i in country ¢'. That is,

kc ke ke
Dip =T, t! / Dic'

ic’ “ic

where 75 is an iceberg cost on k¢ purchasing goods from ic’ and X is a tariff on kc
purchasing goods from ic’, and where p,. is the marginal cost of producer i in country c'.
Define

ic ic ic
ic __ p.fmxjm Nic __ tjmp.fmxjm

picyic ’ N picyic
where p ,,,,x;lj'n is expenditures of ic on jm not including the import tariff. Notice that every

jm jm >

row of fl’iﬁn should always sum up to 1. Also, assume that C is a set of countries, and F, is
the factors owned by Household in country c. Then, we having the following:
Households: The price of final consumption in country ¢

1
P(]C = (Z biC(P?C)l(r> T ,

where b, =) fl?,jl. The price of consumption good from industry i in country ¢

meC

1

= (Tt )

meC

where &, + 1 is the trade elasticity for industry i and 8% = Q% /(3" . O%).
Producers: The marginal cost of good i produced by country c,

pre= (Pl + (1= ) Ply) ™
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where a;c =), ;. Q}CC. The price of value-added bundle used by producer i in country c,

1

-y
1
poc=(Sapui)

feF.

where aff = Q‘C (D der, Qic). The price of intermediate bundle used by producer i in
country c

1
ic( ic\1—¢€ e
Py = <Z wj (q]) ) ’
J

where .a‘)j.c =0, fl;‘;n) /(1 — a;.). The price of intermediate bundle good j used by pro-
ducer i in country c,

=
1 AR
= (Z 6/*" T/mtjmpfm ) >

meC

where &; 4 1 is the trade elasticity for good i and &7, Q’” <./ (ZUEC Q’”
Deriving Allen—Uzawa elasticities for nested-CES models is stralghtforward. To do so,
we proceed as follows.

Derivation:

(1) 6y.(ic’, jm). Household demand in country c for good i from ¢’ is
Oc \ —¢&i Oc\ —o
c plC Pi
QO (POL ) (P0c> CC'

w_ (Wm=ic) -1 =0s})  o(1G =0}, —OF)
aj dlogpls, a, ag, '

Hence,

1 ﬁlogx

Oy (ic', jm) =

This can be simplified as

N & 1 _ & 1 e i
00c(lc,]m)_2ﬁ?5+0'<1 Zﬂgf)—bic-l-a'(l bic) when i=j & ic' # jm,

veC veC

f 0; L,
OOC(ic’,jm) = _(Z)f,, + b_zc + o-(l — —) when ic’ = jm.

Otherwise, 6y.(ic’, jm) = o.

(2) 0x.(ic’, jm). When k is not a household, demand by k in country ¢ for good i from

c'is
_ kL/ —& Pkc —€ Pkc -0
() () ()
Pi PM pkc




NETWORKS, BARRIERS, AND TRADE 23

Hence,
. 1 Jdlogxke
Orc (i, jm) = — ———<
Q;‘nj c?logp;.‘m
_ . (L(jim=ic) —1(j=08};)  e(1(j =08}, —1(j ¢ F)5, @)

ke ke
Ok Ok
0(1(j ¢ F)oke ok — O%)
_ = ,
jm

This can be simplified as

Orc(ic', jm) = & +e< L ! )
ke 5] - (1 _ akc)wj'(c 1-— (7% (1 _ akc)w;cc

1
+0<1— ) wheni=je N & ic' # jm,
1_akc

c
m

Ouc(ic, jm) = ——— 4 ( ! ! )
ic, jm) = —= — _ teE —
Kt o (—amoer - (I-a)or

1
+ 0(1 - ) when ic’' = jm,
1- e

1
ekc(ic/,jm) = +0(1— - > wheni#jeN,

1- Qe
and when j € F, 0,.(ic’, jm) = 0.

(3) 0r.(fc, jm). Lastly, when k is not a household, demand by k in country ¢ for factor

fis
Pre\ T ( Pu\
sz:(),kz< < ) <ﬂ> ch.
f f p"}kc pkc

1 dlogxj:

Q% alog pi,

(1gm=fo) —1(jm e F)af) . (1(jm € F.)als — Q%) .
a5 oy,

Hence,

HkC(fC’ ]m) =

Notice that 6,.(fc, jm) = 0if j € N. Also,

. Y 1 Y 1 .

Orc(fc, jo) = — —|—0<1— — ): +0(1— ) whenje F&m=c,

LR AT S
geFe geFe
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O (fe, jo) = — = y+¢9(1—

1
kc ) when fc= jm.
ch Ape

Aee

4. Solving the System of Linear Equations

This code takes the following inputs, forms the linear system of market clearing condi-
tions in factor markets in Theorem 3, and computes the change in factor shares in equi-
librium.

Code: Nested_CES linear_final_rev.m
Input:

1. Number of countries (C), Number of sectors in each country (N), Number of factors
in each country (F)

2. Allen-Uzawa elasticities of substitution:

(a) 6o.(ic’, jm) (AES_C_Mat: CN by CN by C 3-D matrix)
(b) 6y.(ic’, jm) (AES_N_Mat: CN by CN + CF by CN 3-D matrix)
(¢) Orc(fc, jm) (AES_F_Mat CF by CN + CF by CN 3-D matrix)

3. Input—output matrix and Leontief inverse

(a) Q, (Omega_total_tilde:C+ CN+ CFby C+ CN + CF matrix): Standard
form of Cost-based IO matrix

(b) Qf, (Omega_total: C+ CN + CF by C + CN + CF matrix): Standard form
of Revenue-based 10 matrix .

(c) ‘Ifjm (Psi_total_tilde): Leontief inverse of Qf,

(d) %, (Psi_total): Leontief inverse of Qf,

4. In1t1a1 sales share Acy (lambda_CN: C + CN by 1 vector) and factor income Ap
(lambda_F: CF by 1 vector)

5. Ownership structure of factor (Phi_F: C by CF matrix) and tariff revenue (Phi_T:
C + CN by CN by C 3-D matrix) defined in main_dlogW_org.m

6. If factors are country-specific (4 factors per country), factor_index = 1. Other-
wise, if factors are country-sector-specific (N factors per country), = 2.

7. (Optional) If economy has initial tariff, initial tariff matrix (init_t: C + CN by CN
matrix) defined in main_load_data_rev.m

Current version of code simulates universal iceberg trade cost or tariff shock. If the user
wants to specify the shocks, customize:

1. universal iceberg trade cost shock matrix (dlogtau: C + CN by CN + CF matrix,
(i, j) element: log change in iceberg trade cost when household/sector i buys from
sector/factor j) or

2. tariff shock matrix (d1logt: C + CN by CN + CF matrix, (i, j) element: log change
in tariff when household/sector i buys from sector/factor j).

Output:

Let d Ar be the vector of changes in the sales of primary factors and
dAFC * qu)c ic ]leC u - 1)d/\tc

be the change in wedge revenues of household ¢’ due to changes in sales shares, where
®, ;c.jm is the share of tax revenues on ic’s purchases of jm that go to household ¢'. The
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linear system in Theorem 3 can be written as

dAp | dAr
[dAFJ =4 [dAF*] +B.
This code outputs:

1. A (C + CF by C + CF matrix) and B (C 4 CF by 1 vector).
Using these outputs, the code inverts the system and solves for d Ap(dlambda_F)
and dAp (dlambda_F_star), which are used to obtain derivatives calculated by
Nested_CES_linear_result_final.m. It updates Q) and other variables, which are used in
the next iteration.

5. Calculate Derivatives

This code takes the equilibrium factor market response calculated in the previous step
and uses these to update all endogenous variables so that the whole process can be re-
peated.

Code: Nested CES linear result_final.m
Input:

All inputs used in Nested_CES_linear_final_rev.m are also used in this code. Addition-
ally, it requires:
1. GNE_weights (Cby 1 vector): A ratio of GNE of each country to world GNE
2. dAr(dlambda_F) and d Ap:(dlambda_F_star): Solutions from Nested_CES_
linear_final_rev.m

Output:

1. dA (dlambda_result: C + CN + CF by 1 vector): Change in sales shares;

2. dx (dchi_std: C + CN + CF by 1 vector): Change in household income shares;

3. dlogP (dlogP_vec: C + CN + CF by 1 vector): Change in either the price index
(household), marginal cost (sector), or factor price;

4. dQf, (domega_total_tilde: C+ CN + CF by C + CN + CF matrix): Change
in Cost-based 10 matrix;

5. dQf (domega_total: C + CN + CF by C + CN + CF matrix): Change in
Revenue-based 10 matrix.

For each iteration, change in real income of country c is

dlogW, =dlog xy. — dlogP.,

where dlog P is change in price index of household ¢. Meanwhile, outputs are used to

update A, y, Q, Q, which are used as a simulated data with discretized shock in next
iteration.
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