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This appendix outlines our algorithm to solve the equilibrium given a set of trade taxes
and exogenous parameters (Section E), and presents the expressions used to compute the
sensitivity of real income to imports (Section F).

E Numerical Algorithm for Equilibrium Computation

This section describes the algorithm that we use to compute equilibria with zero tariffs in
Section 4.3, in order to construct instrumental variables, as well as equilibria without redis-
tributive trade protection in Section 5. Given the multiplicative structure of the model, it
is convenient to work with ad-valorem tariffs {t}"}. Formally, the equilibrium conditions
are those described in Appendix C, except for the two equations (C.11) and (C.17) in which
specific tariffs enter explicitly, which we write as
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The algorithm solves for the equilibrium conditional on arbitrary ad-valorem tariffs {ff‘hv

. X,F F _
as well as the calibrated values of {as, aks, Vs, Crs, Oras, 05,40 050 9%’ ,Lrs = ¢rsNys, Ny} and
{o,p*F,pMFL2 For the counterfactual with zero tariffs, we set #3' = 0. For the counter-
factual without redistributive trade protection, we set ff‘g’ = t;h, where t;h is described in

equation (21).

E.1 Home and Foreign Price Indices and Expenditures

In what follows, it will be convenient to work with sub-price indices for the Home and For-

eign varieties within each sector purchased by each region. Concretely, equations (C.1)-(C.3)

2In what follows, we work with L,s instead of ¢rs as a way to handle cases in which N,s = 0 but ¢sN;s > 0.

3Since we have normalized import prices to one in the initial equilibrium and set ¢** = 0, we note that the
world prices of Home’s imports in the counterfactual equilibrium without redistribution still satisfy pff;f =1
So specific and ad-valorem tariffs are equivalent in the counterfactual equilibrium.
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where 65, = Yoer, Yoer, s 0% = Locp, 081 /05 / (Boro) 7, and 0F, = 0, /6F . These

definitions and equations (C.6)-(C.7) allow us to express expenditures as
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E.2 Solving for Domestic Demand

(E.7)

(E.8)

A key step in characterizing equilibrium outcomes is to solve for the domestic spending

{Xys} as a function of {ps} and {PL}. This is a fixed point problem because spending (non-

linearly) affects tariff revenue, which in turn affects spending.

We begin by characterizing tariff revenue as a function of p,s and PL and X,s. From the

expressions above and in Appendix C, we get that
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Combining (C.13) and (E.19), we can solve for domestic expenditure { X;s} as the solution to:
eyl
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where both {Y,;} and {Py} are only functions of {p,s} and {PL} via (C.9) and (E.4)—(E.6).

E.3 Algorithm

We use the following algorithm to solve for the competitive equilibrium of the model.

i. Compute parameters that are invariant to prices: @R from (E.20), {s from (E.17), pys
from (E.15), ;g from (E.11), and 6,5 from (C.15).

ii. We have an outer loop (indexed by a). Guess PlC a=0 using (E.16):

X,F

=0 \ Ty Fs
PR = g (B%) T, (E.23)

where we use a pre-determined choice of the sector-level demand shifter £0, = X% (P%)”

(which we take to be the value in some observed initial equilibrium).

iii. Given Pj", we have a middle loop (indexed by b) that solves for py,.
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a,b:O — 9

(a) We guess p;4 rds for arbitrary d.

(b) Given pLe, ?gb , compute the following vectors of region-sector variables (with
P p & &

length |Ry| - |S| and same ordering of sectors and regions for all variables).

1.
ii.
iii.
iv.

V.

Vi.

Vii.

Viil.

(c) If max,s{ ]Yerrfgb

Domestic region-sector price index Pg’”’b by substituting pﬁgb into (E.5).

Region-sector price index P%’ by substituting P& and P into (E.4).

Region-sector supply yab by substituting pfgb and Pf,;b into (C.9).

Region-sector foreign demand DI by substituting pfgb into (C.15).

Region-sector spending ng;b using (E.21). Here, we have an inner fixed-problem

algorithm (indexed by c):

A. Compute X» = [X] IRe||S|x1 and evb = [éffdk] IRel1S|x|Re||S| Y Plug-
ging Yf,;b and Pg,’{b into (E.22).

B. Guess that X*#0=0 = Zgzo(é”'b)df(“'b 4 Given X%, compute

14X F

vab,c — 54,0 a,b,c\ 1+9pXFo &a,b
=) Y i (Xd,k ) + Xrss
deRy keS

— vab,c va,b,c
Xerrys = X35 " — X35 °.

If max, s|Xerr,s| < tol, then we set Xb = Xabe Otherwise, we repeat the
step with
X;zéb,c—i—l — X?éb’c _ XX (Xféb’c _ X?éb,c) )

for xX > 0 small enough. Note that, given our initial guess of X*?=0, this
converges in a single step if %! = 0.

Region-sector domestic spending xHab by substituting piab pab and x%

into (E.8).

. . H,a,b . . a,b H,a,b H,a,b
Region-sector domestic demand D, by substituting pys, X;s"" and Py
into (E.8) and (C.14).

Region-sector excess supply:

a,b Fab H,ab
Yerr”’b — Yrs _ (Dr,s + Drs )
rs — a,b :
Yrs

} < tol, then proceed to step (iv) by setting p¥, = pfgb. If not,

*d is a numerical parameter that can in principle be set to infinity. In practice, we set d = 5.
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repeat (iii.b) with the updated guesses for prices:

ab+1 _ ab H ab
In Prs =In Prs — X Yerrrs

for xH > 0 small enough. Intuitively, supply is larger than demand when Yerr®! >

0, so we reduce domestic prices in region r sector s until convergence.

iv. Given the demand shifter E% = X% (P%)?~!, we compute the error in the import price

index of each region-sector,

l[}X’F
Perrys = |Pr1_;'a — Ors (Eg) o™i .

If max,s{|Perr,s|} < tol, then stop. If not, repeat step (iii) with the updated guess for

prices:
WX’F

Fa+1 _ Fa+1\ 1+y9XF
Prs+ —CrS<Ers+> 4 7,

with
Efjl = Efs - XF(E:}S - E?s)

for & > 0 small enough.

v. Upon convergence, we compute X}, using (E.10) and (E.14), import prices p;,;, us-
ing (E.9), import quantity m;,;, = Xﬁsh / Pirn, region-sector value-added W,s and wages

Wrs = 12[:: (with L;s = ¢sN;s) using (C.8), region-level consumption price index PrC
using (C.12), and per-capita lump-sum transfers T = % Yreryses Trs with Trs given by
(E.19).

F Analytical Jacobian Matrices

E1 Jacobians with Respect to Imports

In this section, we derive analytical expressions for the derivatives of imports, wages, con-
sumption price indices, country-specific terms-of-trade, and fiscal externalities with respect
to imports of each country-product variety. Our derivation is based on the linearization of
three key blocks of the model: an import pricing block, a domestic output market clearing
block, and a domestic expenditures block. Linearizing these three blocks allows us to com-
pute the Jacobians of Pf, pys, and X,s with respect to tariffs 1 + t3'. More straightforward

linearizations then connect changes in these variables to changes in our variables of interest



as well as—critically—changes in imports. We then invert the relationship between imports

and tariffs to solve for the Jacobians of our variables of interest with respect to imports.

F1.1 Jacobians with Respect to Tariffs

We now derive the Jacobians of PX, prs, and X,s with respect to tariffs 1 + t3V. We do so by

first linearizing three key blocks of the model and then combining these blocks.

Import Pricing Block. The first equation relates changes in spending,

changes region-sector

prices, changes in Foreign price indices, and changes in tariffs using equations (E.16), (E.17),

(E.15), (E.11), (E.4) and (E.5). We have

skl
1+ypato
PF — C XT’S
rs [P’,S]lig
pXF
F 1+yXFo 1
where ¢, = (6}) (ftrs) T2
Hrs = Z Z Pirsh
heHs ieRr
_ 1—¢ 14X F
— |pXF 7avy | 1+9XFe (AF 149X F
Pirsh = eirh <1 + tih )} e <9irsh> !
_ 1
-0
_ c c1l—0c
Prk - Z rk[ rk]
lc=H,F
_ 1
1—0
H _ AH 1-0o
Prk - Z Bork[pok] ]
L0ER Y

To linearize this system of equations, first define the |Rr||S|-dimensional matrices and vec-

tors
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where Diag(x) denotes the diagonal matrix whose entries are given by the vector x. Log-

linearizing these equations implies the following matrix equation:

EPrdlog PF = £X dlog X + € dlog p + €7, uwd log(1 4 £) (1)
where  EPp = ((1+ pXF0)I + p¥F (1 — o) Diag(sF))
8§F = l/}X'FI

EP' = p¥T (0 —1)(I - Diag(s")) Q"

F
gf_’_tuv = QP

Domestic Output Block. The second equation relates changes in spending, changes region-
sector prices, and changes in Foreign price indices using Equations (C.16), (C.9) (C.15), (C.14),
(E.8), (E.4) and (E.5). We have

Y,s = DE, + DH
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keS
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Define the |Rr||S|-dimensional matrices and vectors
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Log-linearizing these equations implies the following matrix equation:

Ehdlogp =EXdlog X + £ .dlog P* (F.2)

where E&h = (Diag(aw)_1 — Diag(a"’)) — (A - Diag(1 — s') + QPDiag(a™)) Q"

gk =aP
Ef)F =((c —1)QP + A)Diag(st)

Domestic Expenditures Block The third equation relates changes in spending, changes
region-sector prices, changes in Foreign price indices, and changes in tariffs using Equations
(C.13),(C.9) (E.1), (E.18), (E.4), (E.5), (E.11), and (E.15). We have
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keS
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Define the |Rr||S|-dimensional matrices and vectors

Yk Yrs Ny
Al == Ty s =
[A ] s ax X (Trstte + asi) Ta=r 81 X, N
xF xr
_ _ ds(h)h 1-0 ods(h)o
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Log-linearizing these equations implies the following matrix equation:
Exdlog X = E,dlogp + Eprdlog PF + EF jewdlog(1 +F) (E3)

where EX¥=1-s7T%
£} = A'Diag(a®)™" - (AIA +(1— a)sTTS’) (I — Diag(st))QH

EXNr=(1-0)s"T° — (AIA + (1 - a)sTTS’) Diag(s")

8¥+tuv = ST(.UT/

Jacobians with Respect to Tariff Changes Substituting equations (F.1)-(F.3) into one an-

other implies

dlog X = AXdlog(1 + ) (F4)
dlog PF = AP dlog(1 + %) (F5)
dlogp = APdlog(1 +¢) (F.6)
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where

-1
= (Qﬂi - §F(Q§)_1Q§F) (51+t“v + QI;(Q})%)_lgﬁ-t“v)

AP = (Eh)” (5" AX 4 gb APF>
Qb =eb —&r (gh) el
QY = sl,f + P (Eh) e
x=Ex—E,(Eh)EL
Qpr =Epr +E5(E))EY,

Domestic Prices, Consumer Prices, Wages, Imports, and Terms of Trade.

-1
(QX Q;‘F(Qﬁi)—lcz?) (EX, o + Q5 (QEE) €D o

)

We now use the

Jacobian matrices described in equations (F.4)-(F.6) to compute the Jacobian matrices of do-

mestic price indices, consumer price indices, wages, imports and terms of trade with respect

to tariffs.”
i. Domestic prices: From equations (E.4) and (E.5), we have
=
[ LRSS ezﬁéﬂkmkﬁ—”] .
0€Ry
Log-linearizing and substituting equations (F.5) and (F.6) implies

dlog P = APdlog(1 + )
where AP = [I Diag(s )] QfAr +Diag(sP)APF

ii. Consumer prices: From equation (C.12), we have

PE = TT(Pa)™

keS

(E7)

>We follow analogous steps to compute fiscal externalities through tariffs omitted from estimation, produc-

tion subsidies, and income taxes. We omit these derivations for brevity.
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Log-linearizing and substituting equation (F.7) implies

dlog PC€ = APCdlog(l + 1)
C
where [AT],;, = Z Vs[AP]ys i
seS

iii. Wages: Since labor is the only factor and labor endowments are fixed, the change in
wages Wy is the same as the change in value added Y;s. We have from equation (C.9)
that

Yrs — 47rsNrs(Prs)1/as H[“ks/Prk]“ks/as~
kes

Log-linearizing and substituting equations (F.6) and (F.7) implies
dlogw = A%dlog(1 +¢)
where A® = Diag(a”) 1A? — AAP

iv. Imports: From equations (15), (E.9), (E.18), (E.7), (E.4), and (E.5) we know

X, F _ agX,F; X F\pXF
pirh 0 ( )IP

— Yirh irh
1 le,F
X,F y X F F N1 u4XF
Pirh = [Girh (1 + t?,;’)} o (Xirsh) R
F Qirsh x,F
Xirsh = = Xy
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FpF11—
XF _ Qrs[Prs] UX
rs [P ]1_0- rs
rs

1
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We denote total imports of /i from i by

_ X,F
mip = Z Tirh -

T’GRH

Log-linearizing, using the fact that p;;, = pff,’f(l + t%7), and using equations F.4, E5,
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and E7 implies

dinm = A™dIn(1 + 1)

1 F
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v. Terms of trade: The terms-of-trade effects that Home experiences from a change in

export and import prices, respectively, vis-a-vis country-sector (i,s) are given by

X, F
dTOT Z qzrh zrh

T hGHS
MF _ M,F
dTOTz’s hZ’H qzrh dpzrh
r,nEris

Note that we normalize terms-of-trade effects such that a positive terms-of-trade ef-
fect corresponds to an aggregate welfare decrease in Home. From equations (15), (16),
(E.18), (E.7), and (C.1) (and the absence of export taxes) we know

XF X,F
pirh - zrh (qzrh )1/1
M,F M,F/_M,F M.F
Przh Grzh (qrzh ) v
ersh _ Pirsh XF
WUrs
61—" [PF]l—a
F _
er - 1’[5Prsijsl_g Xrs

Pf:if = (9irh)_179rs(h),
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Log-linearizing and using equations F.4, F.5, E7, and F.6 implies

dToTXF = ATOT* jIn(1 + )

X,F X,F ~ F
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heHs

From Tariff to Import Changes. The last step of our derivation is to convert the Jaco-
bian matrices above—which are derivatives with respect to tariff changes—into the Jacobian
matrices that enter our estimating equation—which are derivatives with respect to import

changes. We do so by multiplying each original Jacobian matrix by the inverse of the Jaco-
bian matrix of imports with respect to tariffs:

s - i
e
e

F2 Jacobian Matrices with Respect to Foreign Tariffs

We now turn to the analytical expression for the derivative of wages with respect to foreign
tariffs, which we use for the model-testing exercise in Section 3.5. As already discussed in

footnote 27, changes in foreign ad valorem tariffs, d log(1 + tF V), are equivalent to changes

14



in foreign import demand shifters, dlog G%F = —dlog(1+ tﬁl’a") forall r € Ry. We can

therefore characterize Jacobian matrices with respect to foreign tariffs by characterizing Ja-
cobian matrices with respect to changes in foreign import demand shifters that are uniform
across domestic regions, as we do below. In such cases we denote by d log 9%{} the common
value across all r of d log B%’P .

Revisiting the Domestic Output Block. We now revisit the three key blocks of the model
studied in Appendix (F.1). Of these, the import pricing and domestic expenditures blocks are
as before, except for that we may now ignore changes in Home tariffs. However, the domestic

output block changes since it depends on Home exports. Importantly, we now have

1 irsh MF
pMF Z Z gs dlog 6,
i€ERpheHs '8

(1 M,F
where iy = (055) "7V )<9£1‘/IIJF

dlogdrs =

) 1/¢M,F

By equations (16) and (C.1) and the absence of export taxes,

MJFE_MJF _ M,F)lfl/tpM/F(QM,F)l/lPM’F -5

Prin 9rir. = (Pris rih irshPrs
= Oirsn/0rs = P%FQ%F/DE
Combining these steps with our earlier analysis implies
Ehdlogp =E5dlog X + Sf)Fd log PF + EZM,Fd log 6MF (E8)

M,F _M,F
where [SPMF]rsih EL]I s(h Prin 9vin
oM, p ¢M’F s=s( )—Yrs

Changes in Value Added with Respect to Foreign Demand. We combine the three blocks
of the model analogously to Appendix (F.1) in order to arrive at Jacobians d log p/d log 6M-F
and dlog P¥/dlog @&MF of Home output prices and import price indices with respect to for-
eign demand shocks. Finally, to compute the changes in region-sector value added (or equiv-
alently wage bills) with respect to foreign demand shocks, we use that (a) the Cobb-Douglas

nature of production implies log changes in wage bills equal log changes in output and (b)

15



from equations (C.9), (E.4), and (E.5) we know

Yrs = LrS(PrS)l/as 1—[["‘ks/Prk]“ks/aS
keS

1
-
Py = |6y [Pyl ™7+ ) Ggégk[pok]l_‘j]
0€ERYy

Log-linearizing implies

dlogw » dlogp » dlog PF

dlog@MF — TP dlog @MF T T PF flog QM.F’
where 8;‘7 = Diag («¥)"1 - A [I — Diag (sF)} off
“r = —ADiag (s")
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