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E Proofs of Supporting Results

E.1 Technical Lemmas

We now state and prove a few technical lemmas used to prove other supporting results.
First, we show the household problem may be split into an intratemporal problem plus a

condition on prices.

Lemma 3. For each country i, the conditions

{cit}h_y o €arg { max Z wit(ct)

Ctii=1,2 =1.9
-4

s.1. Z (pit - ¢ — pir - (Wi — Liieir) — Ve [(Rr ) Zn)" " D] - ) <0
=12

Cit + Lim1tit = Yir + Myt
w
Py My =0

pue = (%Zp/%u) ~'p}Y (1 + 1)
are equivalent to the condition that there exists n; > 0 for which

Cit € arg max wie(c) st pi-c < pi - (Y — Lizitin) + pie - M

Pit = niuit,c(cit)
Cit + Lpm1tin = yir + My
p;u “mi =0

pue = (Zr/%u) "'pY (1 + 7).

Proof. We prove the forward and reverse directions in turn.



Forward direction: The goods market clearing condition implies
Pit - Cit = Pit - (Yir — Li=1ti1) + Pit - M.

Since the provided household optimization condition implies household optimization within

each period, we have
Cit € argmax wir(c) st pi-c < pi- (Y — Limita) + pic - Mo

The provided household optimization condition also implies the existence of inverse

Lagrange multipliers 7; > 0 for which

Pit = niuit,c(cit)-

Reverse direction: The provided trade balance and non-arbitrage conditions ensure
that

PHe - My = [(ﬁF/%H)tilp?Tt] “ M A

The budget constraints of the intratemporal household problems and local nonsatiation

therefore imply
Z (pit - & — pie - (Yir — Liciea) — Ve [(Zr ) Zw)' " D7) - m) = 0.
t=1,2
Combining this observation with the condition on prices and the concavity of household

utility implies that, by Lagrangian sufficiency,

{cit}_y, €Earg max Z wit(ct)
Ct}t:1,2 t=1,2

s.t. Z (pit - ¢t — pit - (Yir — Licaenr) — Ve [(Zr ) Zn) ' D7) - mu) < 0.

t=1,2
O

Second, we show that, taking trade and capital as given, the domestic equilibrium

conditions are equivalent to domestic efficiency.

Lemma 4. Given any time-1 net imports m;; and capital k;, a time-1 profile {c;1, yi1, ti1, pi1, 71 }



satisfies the trade-and-capital-conditional intratemporal equilibrium conditions

Ci1 € argmax ui(c) st pin-c<pi- (Ya — i) +pa - ma
{yi, K} } € argrﬁ%} pin-y—ra-kY st Ga(y,kY) <0
i1 € argmax (ra(L+Nimgsy) +ri2) ki —pin -1 st Na(kiy 1) <0
Cit + it = Y + My
ki = ki

if and only if there exists n;;y > 0 for which

{yﬂ, Lil} € arg max uzl(y + m;1 — L) s.t. Gu(% k'2> S 0, Ail(ki’ L) S 0
YL

pir = NirVirm(ma, ki)
rin = =G x(Ya, ki)/Gil,yg* (Yi1, ki) X pirg-
Ci1 + Lt = Y + M

Moreover, either set of conditions implies
uil(cil) = Vz‘l(mz’b kz) and uil,c(cil) = V;l,m(milv kz)

Similarly, given any time-2 net imports m; and capital k;, a time-2 profile {ci2, Y2, Pia, Ti2 }
satisfies the trade-and-capital-conditional intratemporal equilibrium conditions
Ciz € argmax ugp(c) st pig-c < P Yiz + Piz Min
{yia, k?;yg} € argmggi pi2-y —Tio- kY st Gi(y,k¥) <0
y7

Ci2 = Yiz + My2

kY = k;



if and only if there exists ;5 > 0 for which

Yi2 € arg max Ulg(y + ml'g) s.t. Gig(y, k?z) S 0
Yy

Diz = Ni2Viz,m (M2, k;)
T2 = _GiQ,k(yi27 k?z')/Gn,yg* (yz‘z, kz) X Pi2g*
Ci2 = Yiz + My2

Moreover, either set of conditions implies
Ui2(0i2) = ‘/iQ(m'iQa kz) and ui2,c(ci2) = W?,m(mﬂv kz)

Proof. We prove the time-1 case. The time-2 case is analogous.

Forward direction: The provided time-1 conditions in each country ¢ are the same as the
equilibrium conditions in a closed-economy model with endowment m;; and two competitive
firms—one corresponding to goods production and one corresponding to producing a single
feasible level of capital output (i.e., k;) at least cost. The first welfare theorem applies to

each of these as-if economies. So production and investment are socially efficient, i.e.,
{yi1, Lt} € arg max un(y+my —e) st Ga(y, k) <0, Aj(ki,e) <0. (E.1)
Next, the provided household optimization condition implies there exists 1;; > 0 for which
Pi1 = Nintine(Cin).-

Moreover, the definition of Vj;(-,-) implies w;1 o(¢) = Viym(mir, ki) (and ui(c) = Via(ma, ki)
if ¢ =y} +my —fy for yj; and ¢} the output and investment levels associated with Vi (-,-)’s
definition. The provided goods market clearing condition and (E.1) imply this is the case for
C = C41, SO

pi1 = Nir Vir,m (M, ki).

Finally, the desired condition for r;; follows from first-order conditions of the provided
optimality condition for goods producers.

Reverse direction: Consider the same closed economies discussed in the forward
direction. The provided conditions for {y;1, ¢}, mi1, and kY imply that the allocation is

both technologically feasible and efficient. In each as-if economy, the second welfare theorem



applies. So there exist some prices p}; and r}; for which

ci1 € arg max wir(c) st pf e <ph - (ya — i) + 0 ma
{yi, k} } € arg max Py —rh kY st Galy,kY) <0 (E.2)
y’

v € argmax (rjy (14 Limgs1) + 1) ki —piy - s.be Agi(ki,0) <0.
L1

It remains to show pj; = p;1 and r}; = r;1, up to a price constant. To see this, note that

the implied first-order condition for households implies that for some 7n}; > 0
Pi = matie(cin)-

Moreover, the definition of Vi (-, -) implies u; (¢) = Vigm(ma, ki) (and wii(¢) = Vi(ma, k;))
if ¢ =y} +my — ) for yf, and ¢}; the output and investment levels associated with V;; (-, -)’s
definition. The provided conditions for y;; and ¢;; and goods market clearing imply this is
the case for ¢ = ¢;1, so

P = M Vitm(ma, k) = %piy

Similarly, the implied first-order condition for production firms implies

7”:1 = —Gz‘l,k(yﬂ, ki)/Gil,yg* (yz‘h ki)pjlg*a

so we have rf] = %”1' We conclude that (E.2) holds when pf; and r}; are replaced with p;

and 7;1, respectively. O

Third, we provide a simple characterization of the optimality conditions for capital in

each country.

Lemma 5. Suppose that for some n; > 0,

pir = 0iVirm(mir, ;)
Pi2a) = n;V; m(mz() i)
Lk (Yin, K )/Gzl,yg (Yi1, ki) X pirg~
Ti2(a) = —Gv:2,k(?lz'2(a)> ki)/Giay,. (Yiz(a), ki) X Diag(a)
{yi1, L0} € arg max win(y+miy —1)  st. Gy, k) <0, Ak, e) <0

Ty = —

Un(a) € argmax ugp(y + mp(a)) s.t. Gy, k) <0.
y



Then i’s capital k; satisfies
]{Zi € arg IIlI?X max (Til(]. + ]lz':HSI) + ﬁg(a)) -k — Pi1 - L1 s.t. Aﬂ(k, Ll) S 0 (E?))
L1
if and only if
0 (Vi gk (man, ki) + Vieg(Miz(a), ki)] = —Li—prisy. (E.4)

Moreover, (E.4) holds for i = F if and only if
kr € arg max Ver(mp, k) + Ves(Mmpsa(a), k).

Proof. The final equivalence in the lemma statement is immediate from our convexity as-
sumptions. It therefore suffices to show that (E.3) and (E.4) are equivalent.
Using the definition of Vj(+,-) and the given conditions for y;1, t;1, and yia(a), (E.4) is
equivalent to the statement that there exists ¢* > 0 for which
- nlgi:éﬁil]’cf) Gil,k(yil, k?z) - UiSO*Az‘1,k(kz‘, Lil)
_ni‘/’iQ,mg* (ﬁ%z(a) kz)
Gizy,e (Uiz(a), ki)

Giok(Uiz(a), ki) = —Li—uras: (E.5)
Vz‘l,m(mil, kz) = —SO*Aﬂ,L(ki, Lil)-

At the same time, using the given conditions for prices, (E.3) is equivalent to the statement

that there exist some ¢ > 0 and 7;; for which

i Vitm, - (M1, ks)
_ 9 Gz il k?z —n; Az ki? Az’
Gi17yg* (yﬂ, kl) l’k(y 1 ) ¥ l,k( L 1)

B ni‘/&,mg* (77%2(@), kz)
GiQ,yg* (Yia(a), k:)

GiQ,k(gm(a); k?z) = —li—gras: (Eﬁ)

Vil,m(mil, kz) = —SOAﬂ,L(ki, Zil)
Ail(ki, 51'1) =0,

where the condition that A (k;, ;1) = 0 is by nonsatiation. The final two conditions and our
convexity assumptions imply
i1 € argmax u;(yn +mag —t) st A (ki) <0,
L

which ensures 7;; = ;1. The conditions (E.5) and (E.6) are therefore equivalent when ¢ = ¢*.



This completes the proof. n

E.2 Proof of Lemma 1

To begin, note that by Lemma 3, the planner’s problem as stated in Appendix A.2 is equivalent
to the problem of choosing a profile {cit, Yir, i1, Mit, ki, ki, Y it Tit, i, @, 81, T1, Ta, Ta (), i}

that solves the problem in (A.1) after replacing the condition for {c;;},_, , with

Ci € arg max wie(c) st P < pi- (Y — Lezatin) + pie - M

Pit = niuit,c(cit)-

Next, recall ¢po(72, kp, kr) is the unique level of consumption consistent with the time-2

equilibrium conditions given trade taxes 75 and capital stocks kg and kg, or

Cip € argmax upp(c) st pio- ¢ < Pig - Yio + Piz - Mo
{yn, k’lyg} € arg m%} Pi2 Y — 1o kY s.t. Gl‘g(y, k’y) S 0
y’

_ _ _ 1y
Ciog = Yiz2 + M2, Mo + mpa = 0, and ki = ki
wW
P - My = 0

pro=py and  ppo = (Zr/Zu)ps (1 + 1),

where note we have used trade balance to replace trade tax revenues 1,_ gy (Zp /%) (py T2) - M2
with the domestic value of net imports, p;s - m;2, in the household budget constraint. We
may therefore replace ¢po(72(a), kg, kr) in the equilibrium conditions with a generic function
cro(a) provided that we additionally require there to exist functions ¢o(+), ¥ia(+), mia(+), 75?2(),
Dia(+), Ti2(+), and pY(-) that satisfy the time-2 equilibrium conditions given trade taxes T5(-)
and capital stocks kg and kp. And since the time-2 equilibrium conditions are invariant to a
price constant, it is without loss to additionally impose that p;2(a) is normalized the same
way as the actual on-path prices p;o. In other words, the planner’s problem is equivalent to

choosing a profile
{Cit7 yih Li1, Mt kzytu khp;v?pit? Tit, %iu a,51,T1,T2, 72/2(‘)7 777;76/12(')7 @;2(')7 7%12<)7E?2<)7]3/12(>7 ?:7:2(')7 All;()}
that maximizes the objective

um(cm) + uma(Cua(a)) + zu(a)



subject to

Ci1 € arg HlélX Uz‘l(C) s.t. pi-c<pp- (yz‘l - Lil) + Di1 - M4t

ag(d) € arg Hl?X uig(c) s.t. ng(&) - C S ﬁlz(d) . @2(&) +]3;2(&) . 77212(&)
Pi1 = niuil,c(cil)a ]71'2(60 = UiUiQ,c(Eiz(a))
{yir, K} € arg max pi -y = T - kK st Gy, k) <0
Y, Yy
{@;2(50),%?2(&)} € argmax fiaa) -y — o) K st Gialy, k") <0
Y, Yy
{]{Zi, Lﬂ} S arg IilaX (Til(l + ]li:Hsl) —+ ,7::12(@)) -k — Pi1 - U1 s.t. Aﬂ(k’, Ll) S 0
L1
Ci1 + Li1 = Yix + My, mg1 +mp; = 0, and ki =k}
ag(d) = @2(&) -+ 77112(&), T%H2<d) + 77~1F2(&) = 0, and ]{71 = kaQ(d)
py -my =0
py(a) - mpp(a) =0
pr1=py and pg1=py(l1+7)
pra(a) =py(a) and ppe(a) = (%r/%n)(1 + T2(a))py (a)

Upo (Epg(a)) + zp(a) > ups (EFQ(—la)> + zp(—a)

To = ?2(01)
To(+) € Ta (kp, kr)
Cig = 51'2(@), Yi2 = @2(@7 mgo = 77%’2(@), k;yg = %;yz(a)

Di2 = Pi2(a), Tio = Tio(a), Py =Dy (a).

By the convexity of A;i(+, ), the condition above for {k;,¢;} is equivalent to the two

conditions

Li1 € arg max [rﬂ(l + ]li:Hsl) + flg(a,)] . k’z — Pi1 - L1 s.t. Ail(ki7 L1) S 0
L1

k'i € arg m]?xmax [T’il(l -+ ]ll-:Hsl) -+ ﬂg(&)] -k — Pi1 - L1 s.t. Ail(k}, L1> S 0.
L1

Lemma 4 then implies this version of the planner’s problem is, in turn, equivalent to the

condition that for some 7;; and 7;2(+), the same profile maximizes

Vin(mu, ki) + Via(mua(a), ky) + zu(a)



subject to

{yﬂ, [/il} S arg max uzl(y +m;1 — L) s.t. Gil(ya kl) S 0, Ail(ki7 L) <0
y?L
Yio(@) € argmax up(y + mi(a)) st. Gy, k) <0
Yy

pi1 = 0 Vitm(ma, ki), piz(a) = n;Viom(mia(a), k;)

Pi1 = nil‘/;l,m(mily k’i)7 ]31'2(&) = ﬁiz(@)‘/iQ,m(miz(&), k‘z)

T = —Gil,k(yu, ki)/Gil,yg* (?Jil, kz) X Pi1g*

rio(a) = =G (Yi(a), ki) / Gizy,- (Ui2(@), ki) X Ding+(a)

k; € arg max max (rio(L+TNjmgs1) +7m2(a)) -k —pa -1 st Ag(k,) <0

Ci1 + Lin = Yin + M, mp1 +mp =0, and ki =k}

Cio(a) = Yia(a) + mi2(a),  mu2(a) + mp2(a) =0,  and ki = kp(a)
Virm(mp1, k) -mp =0

Viam(mpa(a), kr) - mpa(a) = 0

pr1=p;y and pg =py(1+ 1)

pr2(a) =py(a) and ppo(a) = (Zp/%n)(1 + 12(a))py (a)

Via(mrz(a), kr) — Vie(mpa(—a), kr) > zp(—a) — zp(a)

Ty = Ta(a)

To(+) € Ta (kp, kr)

Cio = Cin(a), Yiz = Yin(a), Miy = Miz(a), k%’z = 7%2(@)
pi2 = Piz(a), iz = Tiz(a), py = pj(a).

Note that we may equivalently remove the clause “for some 7;; and 7;2(+)” and replace
bi1 = mvz‘l,m(mih kz‘); ]71‘2(60 = 771“/;2,m(77%2(a), k?z)
pi1 = i Vit,m (M, ki), Di2(@) = Nia(a) Vig,m(Miz(a), k;)
with!
b1 = ni‘/z'l,m<mi17 kz) and @2(&) = TZin‘2,m(T7Li2(&)a k?z)

Given international goods market clearing, we can freely replace my; with —mpg; and

Mo (a) with —mpe(a). Given the relationships between world prices, domestic prices, and

'Here we implicitly use the observation that To(km, kr) is closed under Lerner transformations under both
Assumption 1 and Assumption 2. That is, if 72(-) € Ta(km, kr) and for some scalar-valued function () we
have 1 4 72(a) = ¢(a)[1 + 72(a)] for all a, then 7»(-) € Ta(km, kr).



Meade utility functions, we can also replace To(-) € Tz (ky, kr) with

Viom(Mua(-), ki)
Vio.m(mpa(+), kr)

it
np&#r’

—1€ 7T (ku,kp) and x=

where x is an additional choice variable for the planner. By Lemma 5 and Assumption 6, we

can replace the condition for kp with
kp = kp(mp1, mp2(a))
and we can replace the condition for kg with

e Vee(mu, ko) + Vier(mue(a), ky)) = —rmis:.

Employing these observations and rearranging conditions, we arrive at the desired version of

the planner’s problem from the statement of the lemma.

E.3 Proof of Lemma 2

Recall that

uips (ke ki) = max upz(Cra(7, kar, kr)),

where ¢ga(Te, kg, kr) is time-2 consumption in the unique solution (up to a price constant)

to the time-2 equilibrium conditions. These conditions are:

Cio € argmax u;jp(ca) s.t. Po-co < P Yo+ Licu(Py’1) - mys
Cc2
{yi2, Ky} € arg f??} Po-y—Rp-k st. Gp(y, k) <0

Cia = Yz + My, Mmp2 +mpg =0 and ki = k2,
P2w s Myg = 0

PF2:P2w and PHQI(l—l—TQ)PQw

First, we argue that the right-hand side of (A.2) is an upper bound on uj;(kg, kr). This
follows from two observations: First, conditional on Foreign net imports mpgo, the market
clearing condition myy = —mpe and the definition of Meade utility imply that Home’s
consumption utility is at most Vyo(—mpe, k). Second, by Lemma 4, any trade taxes 7,
result in world prices proportional to Foreign’s marginal Meade utility Vg, (mp2, kr). So
since any equilibrium must satisfy trade balance, the constraint on the right-hand side of

(A.2) must hold under any Home trade taxes. Since the objective in (A.2) is at least as high

10



as Home’s consumption utility and the constraint is a subset of the full time-2 equilibrium
conditions, the right-hand side provides an upper bound.

Second, we argue that the right-hand side of (A.2) is a lower bound on u},(ky, kr).
To do so, it suffices to, given any solution mgy to (A.2), construct a time-2 equilibrium
profile {ci2, Yo, kiy, Mo, Py, P, Ria, T2} given capital {k;} that delivers Home economic utility

Vio(—mpa, kpr). Starting from mpo, construct the remainder of the profile as follows:

Mp2 = —Mp2
Yiz = arg max win(y +mia) st. Gy, ki) <0
Cio =Yip+myz and ki =k
Piage
—Gizy,. (yi2, ki
Py = Ppy and 7oy = Pyog/Ppog — 1.

Py = uiZ,c(CiZ) and R = )Gi2,k<yz’27 k"z)

This profile satisfies all time-2 equilibrium conditions by construction, given the regularity
conditions imposed in Appendix A.1. Since ygys is set to solve Home’s Meade problem, the
profile also delivers Home time-2 economic utility equal to Vis(mpy, ky) = Vi (—mpgs, ki),

as desired.

F  Microfoundation of the Credibility Constraint

This appendix provides a microfoundation for Home’s credibility constraint, Assumption 2.
We do this by embedding the baseline model of Section 2 into a repeated geopolitical game
between Home and a new Foreign country each period. We then find Home trade threats

that are implementable in a subgame perfect equilibrium.

F.1 Environment

There are infinitely many periods 7' € {0, 1,...}. Within each period, Home, a new Foreign,
and atomistic investors play a stage game similar to the model described in Section 2. Home

discounts future periods at a rate ¢ € (0, 1).

Stage game. Within a period 7', the timing is the same as in Section 2 with the added

wrinkle that Home can renege on its trade threats after Foreign chooses its geopolitical action.
i. Home starts by choosing time-1 capital subsidies s? and trade taxes 7{ as well as a

time-2 trade tax threat 7 (-) that maps geopolitical actions to trade tax vectors.

11



ii. Atomistic firms choose capital k! and investment ¢} in each country i subject to the
feasibility constraint that A;; (k7 5) <O0.

iii. Foreign chooses a geopolitical action a’ € {a,a}.

iv. Home chooses a trade tax vector 74 that may or may not equal the realization of its

threat at Foreign’s action, 7 (aT).

Payoffs. Let P = {s7, 7], 7], {kl,];}} represent a period-T profile of Home’s realized
policies sT, 7], and 77 , and private capital and investment choices {k}, (] }. We assume that
for each PT there exists a unique equilibrium profile (up to price indeterminacy) consistent
with household and firm optimization, cost-minimizing investment, market clearing, trade
balance in each period, and the necessary relationship between world and local prices; we
denote the corresponding value of each equilibrium variable x as Z(PT). We moreover assume
that time-1 consumption in each country only depends on the time-1 subset of the profile,
PL = PT\ {7]}.

Stage-game payoffs are as follows: The payoff of each country i is
Ul = ua[ch(P)] + uin[ciy(PT)] + zi(a”).

Firms are atomistic and so do not internalize that their capital investments affect prices.

They therefore behave as if their payoffs are
[Fh(L+ Dimmsy) + T3] -k —Diy - ey

while taking 7 = 7;(PT) and p, = pi1(PT) as given.
Since there is a new Foreign in each period and since firms are atomistic, only their
stage-game payoffs matter. Since moreover Foreign acts after P] has been determined, it

acts solely on the basis of its time-2 utility,
upa|Co (P)] + 2p(a”).

Since Home is a strategic, repeat player, it acts based on its lifetime payoffs. These are

Uy = i §sTU.

T=0

12



F.2 Home and Foreign Strategies

In this section, we describe a grim-trigger strategy profile in the repeated game under which
Home’s behavior in each stage game is consistent with the reduced-form constraint imposed by
Assumption 2. We subsequently argue this strategy profile is a subgame perfect equilibrium.

At a high level, the strategy is simple to state: On the equilibrium path, everyone knows
that Home will always carry out its trade threats. However, if Home fails to carry out a
threat, it loses its credibility; everyone knows that Home will act myopically in all future
periods, reevaluating its time-2 trade taxes after Foreign chooses its action and setting
them to whatever delivers the highest time-2 economic payoff in that period given capital.
Understanding this, Foreign’s geopolitical behavior off the equilibrium path ignores Home’s
threats. Finally, on the equilibrium path, Home constrains its trade threats to ensure that
its temptation to renege never exceeds the continuation value of maintaining its honest
reputation (i.e., of remaining on the equilibrium path in future periods).

To describe the strategy profile formally, it is useful to partition the set of all histories
into two pieces. We let h®" denote the set of histories h at any period 7" along which Home
has carried out all previous threats (i.e., ¥ =7 (a”") for all 7" < T). We let hOFF denote
the complementary set of histories along which Home has ever not followed through on a
threat.

We begin by describing Home’s strategy in terms of a scalar AT specified below. Condi-
tional on AT, we describe the strategy profile in reverse order on the decision nodes within
each period. We begin with Home’s decision of how to react to Foreign’s action a’ at a
period-T history h during which the Home and market actions s?,7{, 72 (-), {kI, L} have
already been chosen. The strategy profile prescribes that Home will carry out its threat
unless doing so has a time-2 economic cost of more than AT relative to its best alternative.

Formally, Home’s behavior is given by a (history-dependent) function 7 (-) defined by

7, T 75 (a) if ups[rma(PL UAF (a") ] + AT > ujpy (ki k)
T (CL ) = )
3T else

where wi, (k% kL) = max,, ups(Cra (e, k', kL)) and where 757 is the associated maximizer.
We next consider decision nodes at which Foreign must choose which action to take, given

the history including Home and market actions s, 7{, 7 (-), {kl, ]

} in the same period.
Letting 7 (-) be the history-dependent function defined above, our strategy prescribes that

Foreign chooses whichever action maximizes its time-2 utility under the belief that 7] (-)

13



indeed describes Home’s subsequent reaction, i.e.,
a’ € argmax upy [ém (Pl U {%QT(a)})] + zp(a).
a

Next, consider decision nodes at which private firms must choose capital and investment,
given the history including Home policy announcements s?, 7{, 74 (-) in the same period. The

strategy prescribes that, for some prices p}; and 7%, these firms choose k! and /7 that solve

max [fiTl(l + 1i—gst) + fg} k—ph-u st Aj(k,u) <0.
sl
The prices p}, and 7% at which these actions are chosen are those consistent with the resulting

profile:

7~ (T T AT/ T T T 1T~ (T T AT/ T T T
pﬂ:pil(slﬂTl 1y T2 (a )7{k1 ) bit )a and T, :Tit<5177'1 y T2 (a )J{kz » bit >7

T

where we note that 7] (-) and a” (defined as above) are implicitly functions of {k7,:%} whose

dependence we suppress for brevity. We assume a unique such fixed point {k7, .} } exists for
any Home policy commitments s7, 7] 7](-) and any prior history.

Finally, we must specify the strategy’s prescriptions for Home’s policy commitments. We
begin by describing these commitments up to a parameter A7. We then describe how AT
depends on the history.

For a given value of A", Home’s strategy is to choose policies that maximize its stage
payoff conditional on how firms and Foreign will subsequently respond and subject to the
constraint that Home must, at the final decision node of the period, not prefer the economic
consequences of reneging on its threat by more than A” under either Foreign geopolitical

action. Formally, Home’s actions s7, 7], and 7 (-) must solve

max  max ug[Cy1(P\ {T2(a)})] + una[Ch2(P)] + zu(a)

s1,71,72(") a,{ki,Li1

st. P=A{s;,n,(a),{ki,ta}}, P ={s1,m,72(-a),{kiti}}
{ki,ta} € arg IE,?}X [Fi1(P)(1 + Lizys1) + Tia(P)] - k — pa(P) - ta
sit. Aj(k,e) <0 (F.1)
Ups[Cro(P)] + zr(a) > ups[cra(P’)] + 2r(—a)
(P)] + AT > uiy (k)
(P] + A" > wlpy (b, kr).

U2 [Cro

Urr2[Crro
We denote the value of this problem by Uy (AT). Home’s strategy at off-path histories
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h € hPFF is to choose policies that solve (F.1) at AT = 0. Home’s strategy at on-path
histories h € RO is to choose policies that solve (F.1) at AT = A* defined implicitly as the
highest fixed point of the equation

0 * A%
15 [Un(A*) = Ug(0)] = A™.

We assume such a fixed point exists.

F.3 Subgame Perfect Equilibrium

We now argue that the strategy described above constitutes a subgame perfect equilibrium.
Subgame perfection is immediate for private firms and for Foreign. Private firms simply

maximize profits taking as given rational expectations about prices. Foreign chooses the

utility-maximizing action given correct beliefs about Home’s response to its actions.

It remains to verify that Home’s prescribed behavior is optimal at each decision node.
First, consider decision nodes at which Home chooses whether to carry out its threat or to
renege. At off-path histories h € h®FF Home simply chooses the trade taxes that maximize
its static payoff; this is rational because once we have left the equilibrium path, Home’s

hON Home’s

continuation value does not depend on its behavior. At on-path histories h €
continuation value is 60Uy (A*)/(1—§) if it carries out its threat and 06U (0)/(1 — 0) otherwise.
So it is rational for Home to carry out its threat if and only if its time-2 economic preference

for choosing the ex-post optimal trade taxes does not exceed

U (%) — U (0) = A,
where the equality is by the construction of A*. This is precisely how we have defined Home’s
behavior.

Finally, consider decision nodes at which Home chooses its policy commitments. At
off-path histories h € hOFF' the fact that Home’s policies solve (F.1) at AT = 0 implies by
construction that they maximize Home’s stage-game payoff conditional on how subsequent
actors will respond. Since at such histories Home’s continuation value is independent of its
behavior, the actions are therefore optimal. At on-path histories h € h°Y, the argument
involves one additional step: First, note that Home can always do weakly better by choosing
policy commitments that it is willing to carry out under either Foreign action honestly later
in the period. Otherwise, Home could do at least as well by unconditionally offering the
time-2 trade taxes it will end up choosing anyway (since its unresponsiveness to Foreign’s true

action will be anticipated and this way it at least maintains credibility). Given that Home
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chooses policy commitments that it will carry out under either Foreign action, the fact that
Home’s policies solve (F.1) implies by construction that they maximize Home’s stage-game
payoff conditional on how subsequent actors will respond. Since they induce Home to carry
out its threat later in the period, they also achieve the highest possible continuation value

and so are dynamically optimal.

F.4 Connection to Reduced-Form Constraint

Along the equilibrium path of the subgame perfect equilibrium described above, Home’s
policy commitments solve the baseline planner’s problem subject to an additional constraint:
Home’s time-2 economic utility must, under all Foreign geopolitical actions, be not more
than A* below the highest time-2 economic utility it could achieve under any time-2 trade

taxes, given capital. This is precisely what Assumption 2 imposes.

G Data Appendix

G.1 Data Sources

We now describe the data sources used in our calibration.

World Input-Output Database. We obtain data on value added and labor compensation
from the Socio Economic Accounts data in the 2016 release of the World Input-Output
Database (WIOD). We use only values from the most recent year for which data is available,
2014. This release of WIOD makes data available for a set Zj5 [OP of 43 countries and a set

NGVEOD of 56 sectors. For each such country i and sector n, we obtain a measure of value

added VAYIOD and labor payments W00

OECD Inter-Country Input-Output tables. We obtain data on flows of intermediate
and final goods across countries and sectors from the OECD’s Inter-Country Input-Output
tables (ICIO), as cleaned by Adao et al. (2024). We use data from only a single year, 2017.
We choose this year because it is the last year before the imposition of the 2018 “Trump
tariffs” and so arguably provides a more accurate “steady state” representation of the world

TICT0+ of 76 countries plus a

trading system. The ICIO makes data available for a set
rest-of-the-world aggregate and a set NTC1OF of 45 sectors. Adao et al. (2024) merge Belgium
and Luxembourg, resulting in a set Z/“1© of 75 countries plus a rest-of-the-world aggregate,
and they merge the pharmaceutical and chemical sectors, resulting in a set A/7¢70 of 44

sectors.
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We obtain three variables from the ICIO data. First, for each pair of countries 7, j and
C?U,IC’IO

sector n, we obtain a measure Cj;, of final consumption expenditures by households,

governments, and non-profit institutions serving households in j on goods in sector n

originating in 7. Second, for each pair of countries ¢ and j and each sector n, we obtain a
w,ICIO
yn

ignore changes in inventories and direct purchases abroad. Third, for each pair of countries

measure Inv of investment expenditures in j on goods in sector n originating in . We

1,7 and each pair of sectors n,n’, we obtain a measure of the intermediate expenditures

cI
Int> €10

injnr Dy firms in country j and sector n’ on goods in sector n originating in . All of

these measures are at world prices (FOB).

Cleaned CEPII BACI trade data. We obtain data on bilateral flows of HS6 goods
between countries in 2017 from CEPII's BACI data set, as cleaned by Adao et al. (2024).
The BACI makes bilateral trade flow data available for a set HBAY! of 5113 HS6 products
between a set of 183 countries. The cleaned data that we borrow from Adao et al. (2024)
aggregates these flows across countries to the level of Z/¢7°. We thereby obtain, for every
pair of countries i, € Z'9/© and every HS6 product h € H, a measure of bilateral trade
flows X Z%BACI at world prices (FOB). These flows only cover merchandise goods, and they

. . . BACI
omit “domestic trade,” i.e., X = 0.

Cleaned WITS tariff data. We obtain data on bilateral tariffs in 2017 from the World
Bank’s World Integrated Trade Solution (WITS), as cleaned by Adao et al. (2024). These
authors follow a cleaning procedure similar to that proposed by Teti (2023) to address
substantial imputation errors in the data provided by the WITS database. They also augment
this data from USITC and MAcMap with additional information on discriminatory tariffs
applied by a subset of countries. The cleaned data that we borrow from Adao et al. (2024)
provides, for all country pairs 7, j in Z'°/© and products h in the set of HS6 products #, a

m,ABCD

measure T;

iih of the bilateral, statutory, ad-valorem-equivalent tariffs that j applies to

imports of A from .

Imputed capital network data. We borrow estimates of countries’ cross-sectoral invest-
ment networks from Ding (2021). Ding (2021) draws on a range of data sets to compute
these networks in 1997 for a set ZP"9 of 40 countries plus a rest-of-the-world aggregate and

a set NP9 of 27 sectors. For all countries 7 in Z”™ and all sector pairs n,n’ in N'P™ we

obtain a measure [ nv;fl’,gmg of the investment expenditures of sector n in country i on goods
produced by sector n’ (from all origins, in FOB world prices), in 1997.

We also use the rates of sector-specific capital depreciation 6279 and the risk-free interest
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rate (r/"P9 = 0.03) provided in Ding (2021).

Crosswalks. We hand-code several crosswalks from country and sector classifications in
the raw data to their finest common coarsenings. For countries we use a set Z of 39 countries
plus a rest-of-the-world aggregate; this is the same as Z”"9 except that it merges Belgium
and Luxembourg. For sectors we use a set A of 26 sectors; this is the same as NP9 except
that it merges textile and leather manufacturing. We let DICIO DWIOD = pPing - pIcio.
and D197 denote the many-to-one crosswalk matrices that encode this coarsening. For

example, [DIC19]

ij 1s an indicator for whether country or country-group ¢ contains country or
country-group j. Additionally, we borrow from Adao et al. (2024) a many-to-one crosswalk
DGO that assigns each HS6 product h € H to a unique sector n € N7¢19. Concretely, its

(n, h) value is an indicator for whether sector n contains product h.

G.2 Data Cleaning

We now describe the cleaning procedure we apply to the raw data described in Supplemental

Appendix G.1 in order to arrive at the statistics we use for calibration. These are measures
xz,data ,
zgn

shares of gross output directed toward labor, 659
Q,data

in'n

of sector-level tariffs 779" and export subsidies 7 ; shares of country-sector trade flows

ijn
directed toward each origin-sector, Zﬁ‘f“,

k,dat
04" and intermediates from each sector, 0%

capital, ; shares of capital expenditures

eL ,data

znn’

shares of each country’s
90 data .

directed toward investment in capital goods from each sector,
consumption expenditures directed toward goods from each sector, ; and each country’s

final consumption expenditures, C#,

Sectoral tariff revenues. As a preliminary step, we compute the implied bilateral tariff
revenues collected within each ICIO sector, rescaling by the ratio of ICIO- to BACI-measured

bilateral sectoral trade. We set

Timp — l]n D cho +m ,ABCD Xw,BACI
ign  — z [D[CIO] Xw _BACT E : nhT, z]h ijh
heH ijh heH
w,ICIO _ ~w,ICIO w,ICTO w,ICTO
where ngn Czyn + [nvwn 4 E Intm]n )

n’eNICIO

We set T/ = 0 for any (4, j,n) with no BACI-reported trade, i.e., where the denominator

ign

above is zero. This includes all service sectors and all domestic trade (i.e., i = j).

Aggregation. We begin by aggregating all of the raw data sets to their finest common

coarsenings, i.e., Z for countries and N for sectors. We denote the aggregated versions
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WIOD WIOD w,ICIO
, W Cz]n )

of the measures described in Supplemental Appendix G.1 by VA,
I’f_L’Uw JICIO [ tw JICIO

w,BACT Ding mp imp
iin injn’ ijh ,and Tnvy": we also aggregate T/ to a measure 1,7
As textiles and leather manufacturing have the same depreciation rate according to

9Jn Jn
§Pm9 we construct the |[A]-length vector 6279 by simply setting this common rate as the

depreciation rate for their merged sector.

m, data

Sectoral average trade taxes. We set sectoral import tariffs 7 as the ratio of

bilateral tariff revenues in a sector, computed above, to pre-tariff trade ﬂows:

m,data szp/Xw ,imp

ijn ign ijn
wzmp_ w,ICIO wIC’IO w,[CIO
where X, ngn + Inv + In iy ins -

n’'eN

We set TZTndam = 0 for any (i, j,n) with no ICIO-reported trade, i.e., where the denominator
above is zero.

We assume that export subsidies are zero, i.e.,?

Jdata _
;;-na “=0.

Trade shares. We next use the adjusted trade flows computed above to compute trade
shares across sectors and origins. We begin by computing aggregate tariff-inclusive flows
implied by the ICIO data:

szp = (1 + 7_m data)Xw zmp.

ijn ijn ign

We then compute, for each origin country i, destination country j, and sector n, the share of

7’s expenditures in n that are directed to i, i.e.,

cla = X503 X
o€l
Tariff-inclusive expenditures. We next adjust ICIO consumption, investment, and
intermediate spending to account for tariffs. Specifically, we assume that any country’s
expenditures on goods from a given sector—whether they are consumption, investment, or
intermediate expenditures—are sourced from origin countries in the same proportions as one

another. Under this assumption, the trade flows computed above indicate how each spending

20ur approach can be easily extended to accommodate non-zero export subsidies, given data on them.
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type must be adjusted to account for tariffs. Concretely, we set

mp
Cimp — ZiEIXijn Ow,ICIO
n. Z Xw,imp: : ojn
i€ “ijn o€l

imp
mp __ ZiEZijn 2 :[— w,ICIO

[n’an - Z Xw ,imp ojn
€L “ygn o€l
zmp
imp _ zeI z]n w,ICIO
Intﬂm - Z wzmp ZI tonjn’ :
1€T Z]n o€l

Intermediate and labor shares of gross output. We next compute the share of each
country-sector’s revenues (i.e., gross output) it spends on intermediate goods from each sector.

Note that intermediate expenditures include tariff payments, while revenues do not. We set

Q,data __ Intzmp

— in'n

in'n - —wzmp
ZjeI Xz]n

Q,data

¢ across supplying industries n’ at 0.99, rescaling proportionally

We winsorize the sum of 6%
within (i,n) pairs. This winsorization affects 52 of 1040 total country-sector pairs.
We next compute labor shares of gross output in each country and sector. We begin by

computing the labor share in each country and sector based on our aggregated WIOD data:
LSlate = JyWIOD 7 gWIOD.

We winsorize labor shares at 0.01 and 0.99; this affects the computed labor shares of 42 out
vop (WIOD reports value

added of zero in the Mexican real estate sector), we set LSid,fm equal to the global aggregate

of 1040 total country-sector pairs. In the one case where VA,

labor share in sector n, i.e.,

ata = WIOD
LSt =Y WP /N VALY

JjET JjeET

We then compute labor shares of gross output at the country-sector level by combining

intermediate shares of gross output with labor shares of value added:

thdata = Lsg(;ta (1 Z 05;2@03175(1) ‘

n'eN
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Level and composition of consumption. We compute total final consumption in each

country as the sum of sectoral consumption:

data — 2 : imp
nenN

We compute the share of each sector in each country’s consumption basket:

imp

- data *
&

C,data __
ein

Directed capital shares. We next adapt the methodology of Ding (2021) to compute the
share of each country-sector pair’s capital expenditures that it directs toward goods from
each sector.

First, for each country ¢ € Z and each pair of sectors n,n’ € N, we impute the investment
expenditures—of each sector n in each country i on goods in each sector n’—implied by
country i’s total investment in n’ (as computed above) and sector n’s contribution to country
i’s investment in n’ from Ding (2021). That is,

]— w,Ding
in'n imp

in'n — [* w,Ding Invin
Zn”e./\f nv

,L'n/,nl/

mp

Inv

Second, we compute the profits required to rationalize these investments. We do so using
the risk-free rate, capital-sector-specific depreciation rates, and the assumption that the
economy is in steady state. Concretely, we set

pfrDing

mp mp
Hin’n —  ¢Ding Invin’n‘
n/

Third and finally, we compute the share of total payments to capital, at the country-sector

level, directed toward investment in each sector. That is, we set

— [nvin’n
in'n mp imp \ °
Zn”EN (Invin”n + Hin”n)

imp
eb,data _

H Quantitative Appendix

In this appendix, we describe the algorithm by which we compute the optimal peacetime tariffs.
Supplemental Appendix H.1 shows that, due to our focus on the limit in which the conflict

period is short and geopolitical conflict is limited, the optimal policies in our quantitative
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model can be computed as the solution of three static maximization problems. Supplemental
Appendix H.2 provides an outline for the computational algorithm. Supplemental Appendix
H.3 describes how we build the geopolitical components of the optimal peacetime taxes out of
the solutions to those problems. Supplemental Appendix H.4 includes detailed descriptions
of the equilibrium solvers used. Supplemental Appendix H.5 uses equilibrium equations

developed in Supplemental Appendix H.4 to describe how we calibrate the quantitative model.

H.1 Decomposition of the Maximization Problem

This section, as well as Supplemental Appendices H.2 and H.3, maintains notation consistent
with the theoretical framework from Section 2 and its extension to bystander countries in
Appendix C.4. Supplemental Appendix H.4 switches to the notation of the quantitative
model, with Supplemental Appendix H.4.1 providing the explicit mapping between notations.

To study the limit in which geopolitical conflict has little impact on Home’s planning
problem, we also introduce a variable ¢ that indexes both countries’ geopolitical preferences.
That is, country i’s geopolitical preference for action a is z;(a;¢). Similarly, to accommodate

the f — 0 limit in our general framework, where § does not appear as a parameter, we define
Vit (mig, ki) = Vielma, ki) /871, 20(a50) = zi(a; ) /B8, and  A° = A/B.

We will consider limits as 5 — 0 while V;2(-,-) and A° remain fixed and z{(-) varies only due
to concurrent changes in . It will also be useful to introduce notation for net imports and
welfare. Noting that, in our quantitative model, trade taxes and capital uniquely determine
the allocation within any time, we let

me (1, k) and Wi (r, k) =V,

)

;[m;)t(Ttv k)? kZ]

denote the associated levels of net imports and welfare in each country, where k = {k;}.
Using this notation, we can write Home’s planning problem, conditional on implementing
action a, as
max  Wg (1, k) + B [Whe(m2, k) + 25 (a; )] (H.1)

71,72 7T2OFF K

st. 0= V(i,k (m;‘)1<7—17 k)? kl) + B ig,k (m;?Q(T?’ k)? kl) Vi 7£ H

)

BWia (2, k) + B2p(as @) = BWiy (7" k) + B2 (mas )
min [BW;H(T?? k)? 5WI§2(720FFa k)] + BAO 2 BWIZQ(TQ*(]{;)? k)?

where 75 (k) are the trade taxes that maximize Home utility at time 2, taking capital as given,
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or
75 (k) € argmax Wy, (12, k) . (H.2)
T2

We denote the solution to (H.1) by 71(8,0), (8, ¢), T2FF(B,¢), and k(B,¢), and we
denote the Lagrange multipliers on the capital constraints, geopolitical IC constraint, and
credibility constraint by A¥(3, ), MY (8, @), and A*(B, ), respectively. This is a complicated
dynamic maximization problem featuring 3 separate static equilibria: time 1, on-path time 2,

and off-path time 2. We propose to instead solve the following maximization problems:

i. The time-1 terms-of-trade maximization problem,

max Wy (71, k) (H.3)

1,k

st. 0=V3, (m§(m, k) ki), Vi# H.

(2

We denote the solution by 71 and k.

ii. The time-2, on-path problem,

max Wp,( o, k Z)\k ok <m;?2(72,/%), ]ﬁ> ) (H.4)

7—2 i#£H
where \¥ are some weights on foreign rental rates. We denote the solution by 7.

iii. The time-2, off-path sanctioning problem,

max Wy (t9FF k) + XNOFEW 2, (r9FF k), (H.5)

OF

where A\°FF (which may be negative) is some weight put on foreign utility. We denote

the solution by 79FF.

The following proposition shows that the original problem (H.1) is equivalent to (H.3), (H.4),

AOFF

and (H.5) for properly chosen A\¥ and in a limit that corresponds to our quantitative

exercise.?

Proposition 5. Suppose that the solutions to (H.1), (H.3), (H.4), and (H.5) are uniquely

characterized by their Lagrangian first-order conditions. Further suppose that in the limit as

3Recall that, in the quantitative exercise, we take time 2 to be short and we take geopolitical preferences
to differ just enough that Home starts to use peacetime policies. Note that the latter limit implies the
geopolitical IC constraint and the credibility constraint have vanishing multipliers. (The fact that the
credibility constraint’s multiplier is vanishing relies on the assumption that Home has a large enough
continuation value A° to carry out its dynamically optimal time-2 trade policy, which differs from its ex-post
optimal time-2 trade policy. Our calibration satisfies this property.)
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B—0 and o — @, NY(B,0), \2(B,¢) > 0 and N(3,0), \*(B,¢) — 0. Suppose also that
for all B and @, Home’s utility in the solution to (H.1) is lower off-path than on-path. Then
there exist ¥ and \OFF such that (B, ¢) — 71, (B, 0) — T2, TFF(B,¢) — 79FF | and
k(B,0) =k as B — 0 and ¢ — ¢.

Proof. The solutions to (H.3)-(H.5), i.e., 71, 72, 7FF, and k, are characterized by the

first-order conditions

Vi LV
— o k il,k o o % 1k
0= WHl,ﬁ - Z )\z dTl ) 0= WHl,k — Z )\Z iy ,
#H i#H
AT
0=Wps.,, Z )\f d;—?k’ 0 — WloﬂOgF 4 )\OFFWIC;;):;"F’

along with the restrictions
0 - ii/ﬁ V/L 7é H,

where )\f are the Lagrange multipliers on the capital investment restrictions and where all

derivatives above are evaluated at the associated solutions to their respective problems.
Similarly, the solution to (H.1), i.e., 71(8, %), 72(8, ), TSFF (B, ), and k(B, ), satisfies

dV-o (B, @)
0= e )\k il,k
1 (B 9) ;{ dm
O 5ulBo9) | AVaul(5.9)
0= Wi x(B,0) + BWia 1 (B, ©) Z)\k < 12/{: +5 272/{: )
i#H

F N8, 0)8 (Wean(B.9) = Wit " (8,9)) = X2(8.0)8 (Wi (8, 2) = Wit " (8,9))
- /\A (67 90)5W;f;,m (ﬂv SO)T;,k(ﬁu 90)

0 = WH2 ,T2 B? Z )‘k M + AIC(@) 90)6WF0'2,7'2(6a 90)

oy dTQ

(B, p) € arg 1A Wil k(8. ¢)]

st Wia[r(8, 9), k(B 0)] + 23(a; 0) = Win[r ™ k(B ¢)] + 25:(mas ),

where we evaluate functions at “f4” as a shorthand for evaluating them at their arguments
under the solution to the problem at .
Taking the limit as f — 0 and ¢ — ¢ and using Berge’s theorem of the maximum implies
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OFF

that, letting Z = limg_0,,4 2(8, ), the limits of solutions 71, 7, 79FF | and k satisfy

O_WH1T1 Z k Z )

i#£H
Vii(0,9)
0= Wiy p(0.) - 3 3 Hien?)
i#£H
dVi3 x(0,9)
0= WHQ 7'2 Z k
i#£H

0=Wsth(0,¢) + AOFngfg F(0,9).

If \¥ = \F and \OFF = \OFF then 71, 7y, 79T and k solve this system, implying by our

uniqueness assumption that 7 = 7, 7o = T, T 20F F— T2OF Foand k = k. O

H.2 Outline of the Computational Algorithm

This section describes the algorithm to solve the equilibrium levels of tariffs. The algorithm
builds on Proposition 5 and solves the static optimization problems (H.3), (H.4), (H.5),
and (H.2) to find the limiting optimal policy in the full model. The specific equilibrium
solvers we use are described in Supplemental Appendix H.4. By Lerner symmetry, one trade
instrument is redundant, so in all optimization problems we normalize one import tax to zero

and optimize over the remaining instruments.

i. We start by solving (H.3). In practice, we use the time-1 solver of Supplemental Appendix
H.4.2, which takes tariffs as given. Capital is implicitly defined as a function of tariffs
in our implementation, so the constraint in (H.3) holds by construction. We then
numerically maximize Home welfare searching over import and export taxes. We denote

the solution by 7; and store the implied equilibrium capital, k.

ii. We use the results from the previous step to find the Lagrange multipliers on the capital

investment decision, AF.

(a) Calculate the derivative of the marginal value of capital, dV] , /dk, and the derivative
of Home utility, dW§;, /dk, evaluated at (71, k), numerically. To find these, we use the
time-1 solver taking as given tariffs and capital defined in Supplemental Appendix

H.4.3 and perturbing each element of k up and down by 1%.
(b) Calculate the Lagrange multipliers that are implicitly defined by

Z/\k llk _WH1k7

i#H
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by inverting the matrix of dV}3 , /dk using the non-Home rows.

i. In practice, the derivatives dV}5 , /dk differ by orders of magnitude. Therefore,
we rescale to ensure the matrix is computationally invertible. We then rescale

back to find AF.

iii. We next set \F = )\f from the previous step and solve (H.4) numerically, holding capital
fixed at k. We use the conflict solver in Supplemental Appendix H.4.5. We denote the
solution by 73 and refer to the equilibrium by action a. We store Home consumption,

cuo(a), and prices, pyo(a).

iv. We define ¢© as a map from consumption and prices into the positive reals.* We search
for the value of A°FF for which the solution to (H.5) results in a 0.2% drop in the value
of ¢© for Home compared to a, holding fixed capital, k. That is, ¢© (c?,?F,p%F) =
(1 —0.002) ¢ (cya(a), paa(a)). We refer to this equilibrium by action —a. Our algorithm

relies on ¢© being monotone in A°F¥ which we verify over the relevant range of A7

v. We then solve (H.2) numerically, again using the conflict solver in Supplemental Appendix
H.4.5 and holding capital at k. This is the time-2 deviation that maximizes Home’s
immediate utility. We denote the solution by 75 and use * to refer to the equilibrium

values.

vi. We then compute how geopolitics affects time-1 policy. Rewriting (C.6) slightly, the

optimal tariff at time 1 is given by

Tig — TIEOT
_ Oppa(— . op ok
=K (TFQ(_'CL) — mpo(—a) - pF;T;G) — Tro(a) + mpo(a) - p;;ﬁa)) . 8mlj (H.6)
1g

n (mpg(a) Opra(a) Ompa(a) M (—a) -

aﬁ}@(_'a) ) 8mp2(ﬂa) ) 8/%,;1
ampg ak,H

8mF2 ak,H 8mng

opY (a') I oy /.
l 0y . 2 B~ SN 2 X w
+ (6 mHZ(a ) (9ka 5 Mo 8]?7]{ amng plga

4In practice, we define ¢ as the consumption-for-consumption’s-sake at time 2, which, recall, is given by
o pc \0in
Hn (CHnZ/eHn) !
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where

g@ — é Vﬁ?,m(ag) ’ mé_(a’e)
Ky py(a’) - my(a)
. o ST
§=—=X—"—
K1 Dy My

We compute the dependence-building component up to x and the credibility-building
component up to f /k1. We also compute the optimal industrial policy according to

Theorem 2: B , .
Tsz(mHz(a ), k‘H) — TH2 (m}‘{z, kH)

TH1v

S1p X

How we calculate my (a*), mit, and the derivatives is described in Supplemental Ap-

pendix H.3. In our calibration, the low state will be the off-path threat, a’ = —a, and so

all commitment terms will compare the off-path equilibrium to the optimal deviation.

H.3 Tax Calculation Details

This section describes how we compute the components of (H.6).

H.3.1 Derivatives

All derivatives are computed by two-sided numerical differentiation, perturbing one element
of the relevant vector up and down by 1% and re-solving the equilibrium. Cells that carry no

trade, and capital varieties with a value of zero, are skipped and their derivatives set to zero.

Time-1 capital response. Using the peacetime solver that takes Home’s trade vector as

given (Supplemental Appendix H.4.4) at the trade vector implied by 71, we compute
ok_g
omp”

5 o ¥ (&
Omra(@) and 22 fo1 all movements of
Ok_p Ok_p

capital as the dimensionality of capital is too large. Instead, we compute how capital

Time-2 response to capital. We do not solve

moves in response to changes in Home’s time-1 trade vector (Supplemental Appendix
H.4.4) and then plug those changes in capital into the conflict solver that takes Home’s

trade vector as given (Supplemental Appendix H.4.6) at each of the three time-2 equilibria

Ompz(a)  Ok_u opy @)  Ok_pm
k- Omm and ok Ommy

to compute

Foreign Meade derivatives. Using the conflict solver for a single country given its own

trade quantities (Supplemental Appendix H.4.7), we compute the derivatives of Foreign’s

utility-denominated import prices with respect to Foreign’s own capital, %;Ti&)’ and its

own trade vector, 852—2(;1).
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Home time-2 trade derivatives. At the off-path and deviation equilibria we also compute

the response of all time-2 prices and quantities to Home’s own time-2 trade vector,
Ipy' (a)
omp2

(Supplemental Appendix H.4.6). These are used to pin down the multipliers £/ and &*.

and B?mF—iI(j), using the conflict solver that takes Home’s trade vector as given

H.3.2 Finding m* and ¢

As we are in the limit as § — 0, time-2 trade has no effect on capital investment. Therefore,

the only conditions from Appendix C.4.2 that my (a) does not automatically satisfy are

' OMmps
.. Oppa(a) Ompa(a .
0=mpo(a) - gfnij) . gj;i{(j) . m%(a).

We find a basis for the space of vectors that satisfy these conditions, m4*(a) for b € {1,..., B}.
For each basis vector, we calculate the implied §b(d) = (Vam(a) - ms*-(a)) /(5 (a) - mb*(a)).
This differs from &’ as it is not scaled by &/x;. §b(d) varies slightly with b due to machine

error, so we take (@) to be the median of the £°(a). We follow the same procedure to find £*.

H.4 Function Solvers

H.4.1 Preliminary: nesting within general framework

As an aside, we walk through the mapping between the parametric model presented in Section
6.1 and the general framework in Section 2—and, in particular, its extension to bystander
countries in Appendix C.4—of which it is a special case.

The set of goods G includes, for each country ¢, a domestic composite for each sector n,
and a differentiated variety for each sector n and destination j. The set of capital varieties
Y includes, for each sector n, one capital variety used in differentiated variety production,
and |Z| capital varieties used in composite production, one per origin country. Households’
consumption utility u;(-) encompasses both their inelastic labor supply and their consumption
preferences over domestic composite goods. The goods production possibilities frontier G (-, -)
describes the possible net output of goods—conditional on capital inputs—implied by the
expressions for gross output of goods in (22) and (24). The capital production possibilities
frontier A;i(+,-) describes the possible capital output—conditional on investment—stated in
(23) and (25).

To fully align the quantitative analysis with our general framework, we study a superficially

altered version of the quantitative model presented in the main text. First, we assume that
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production firms rent capital on competitive markets rather than owning it themselves. Second,
we assume that it is not relationship capital Kj;;, that directly enters the production function
for sectoral composites but rather normalized relationship capital K;;,/Kj,, where Kj, is a
homothetic aggregator of { K;j, }icz. This ensures the problem of sectoral composite producers
has a well-defined solution when they rent capital rather than owning it directly. However,
it has no other consequences since our assumption on the formation of relationship capital
ensures K, is always equal to one in equilibrium. The equilibrium solver of Supplemental
Appendix H.4.5 checks this restriction numerically at every candidate policy and stops if it is
violated.

In what follows, we adopt the following notation for prices (notation for quantities was
introduced in Section 6). We let w; denote wages, r;, denote production capital prices, 7;j,
denote relationship capital prices, p;;, denote origin-sector variety prices in the destination j,
m

Py, denote sectoral composite prices, 7,7,

xT

denote ad valorem import tariffs, and 7;

i denote

ad valorem export subsidies. We assume there are no domestic taxes, i.e., 77} = 7% = 0.

n “n

H.4.2 Numerical algorithm for equilibrium in peacetime static model

In the static model that represents the peacetime period, capital can adjust freely, subject
to the investment technology. We now describe the series of equilibrium conditions that

determine all endogenous variables, including capital, given trade taxes.

Sectoral composite production with endogenous relationship capital. As a prelim-
inary step, we characterize the level of relationship capital that emerges in the equilibrium of
the static model. We substitute this level of capital into the production function for sectoral
composites, arriving at a new production function that already incorporates equilibrium
outcomes in the relationship capital market.
The production function for relationship capital in the main text implies that for some
{Kin}, we have
Foim = Fim (egn)(lfo)/(fm) (Kom)(afl)/(a'fo)

K

for all (0,4, n) triplets with 6.; > 0. Combining this rental rate with the production function

of sectoral composites implies that relationship capital demands satisfy, for some {&;,},

Koin = /%m (HK )0/6 (moin)(ﬁ_o)/&

oin

for all (o,4,n) triplets with 0% > 0, where x,;, is the quantity of origin-o destination-i

oin

sector-n goods the sector-n composite producer in ¢ uses as an input.
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g—0 F— F—0 (6-0)/(5-1) .. .
Letting K, = [ZOQI: 0K >0 (%fn) ?)/(7=0) (Kom)( D/( )} , this implies
Kon (9§n)0/5 (%m)(ﬁfa)/a
Kin B

5 > _1(6-0)/(6-1)
1/ c—1)/5
Coer. o o0 (05" (@) |

o'in

for all (o,i,n) triplets with 8% > 0. Combining this observation with the capital production

constraint,

S () ()
0€T: 0K >0

oin

implies K;, = 1, so that

(9[( )0/5 (:Eoin)(&_a)/6

om

Koin =
1/o -1
[ZOIEZZ 9§m>0 (le(m) / (xo’in)(

. (H.7)
/5] @=/@1)

Finally, we substitute back into the production function for sectoral composites. This
implies the following after-relationship-capital-optimization production function for sectoral

composites
g/(6-1)

Qin = [Z (6%.)"° (xom)(&_w&] . (H.8)

o€l

Goods prices. We now characterize the prices of all goods in terms of wages w; and
rental rates r;, of production capital in each country ¢ and sector n. The origin-destination-
sector production function in the main text and the after-relationship-capital-optimization

production function for sectoral composites derived above imply

1+77

ijn — £ k Q
Pijn = R (T (S H (Py) i (H.9)
1+ 7 W EN
1/(1-5)
(30 () ] |
ocl

Spending. The expenditures of the country-: household on consumption of sectoral com-
posites, C;, are equal to household labor income, plus profits, plus trade tax revenues 7; in
1
Ci = wili + Y 07 rinkim + T, (H.10)
neN
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where 07, =1 -5 ,.\-0:.,,. The utility function in the main text implies that household

expenditure in country ¢ on sectoral composite n is given by

Note that capital rental expenditures r;,k;, can be represented in terms of the revenues
of country-i firms on sales of product n to country j, Yi;,, due to the structure of origin-

destination-sector good production,

jezT
We denote aggregate expenditures on country ¢’s sector-n composite by X;,. These
expenditures include both domestic consumption expenditures and the intermediate input
expenditures of domestic firms, both goods and capital producers. The structure of goods

and capital production implies

n'eN JET
Note these revenues are equal to expenditures Xj;, on ¢’s exports of n in j, net of trade taxes:

1+ 7%
— U X . (H.14)

}/i,n_ - v
’ 1_{_7_[])1”

Next we observe that the origin-destination-sector expenditures Xj;;, can be written in
terms of sectoral composite expenditures, using the structure of the after-relationship-capital-

optimization production function described in (H.8):

Xijn = Cianjn (H15)

075, (Dijn)' 7

(P)' =

where (i, =

This expression also allows us to express trade tax revenues in terms of sectoral composite

expenditures:

E - Z Z %Xoin — Z Z %ngn (H16)

ocT neN oin JET neN ijn
Tm Tz
_ oin ijn
= E E WCoinXin - E E WCianjn-
ocT neN oin JET neN ijn
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Combining (H.10)-(H.16) implies a linear system for sectoral composite spending X;,, in

terms of prices and exogenous variables:

X = [id - X]7" X, (H.17)
where [ X, = Xy
[Xo}m = eglwiei

[X]in,jn’ - Hgl]lz:g Z om’ Cozn’

o€l 1+7 :’1"
1+7% T
QQ , (0" 009% 9k ) ijn’ _QC wyn i
<< mn ( inn’ + m zn) 1 _i_,]_[]nn/ ml + ernn C]

Factor markets. Finally, we characterize factor demand clearing in terms of aggregate
spending on sectoral composites. The production function for origin-destination-sector goods,

together with (H.14) and (H.15), implies aggregate labor spending of

W= 00, Yijn. (H.18)

neN JET

Factor market clearing implies
wil; = Wi (H.19)

The production function for capital implies capital supply satisfies

1/67,
rinkin = Tin ( fn H (rm/lazn ) in n) . (HQO)

n'eN

Equivalently, ry, = (¢%,)7'T1,, (P )P (Rip ) which is the form used in the iteration

below.

Numerical algorithm. We iterate over wages, production capital rental rates, and sectoral
composite prices in outer and inner loops indexed by a and b, respectively. We let {w?} and
{r¢ } denote wages and capital rental rates, respectively, in the a* outer loop and let {Pﬁlb}
denote sectoral composite prices in the a* outer loop and b*" inner loop. We proceed as

follows.?

5Two conventions are common to all six solvers. First prohibitive trade taxes are admitted and are
represented by 77}, = oo for an import embargo and 77, = —1 for an export embargo. On such cells
the variety price p;;,, is infinite and the trade flow is zero; in the trade tax revenue expression the share
Tiin m (1 + Tmn) is set to one. Infinite prices are permitted only on these cells, and the solvers stop if any other

output is not a finite real number. Second, every solver accepts initial guesses for the factor prices and, where
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i. At a = 1, initialize all w?=! and r%-! at their initial guesses, or at one if none is supplied.
ii. Solve for sectoral composite prices given wages as follows.
(a) At b= 1, initialize all P4"=" = 1if a = 1 or P&"=" = pe- bt jf g > 1.

(b) Define P using (H.9), setting

m

P = L+,
gn T

1+ Tiin

1/(1-5)
[Z eom om ] :

o€T

Q
(¢%,) " (ws) n (re) 0 T ()i

n’eN

(c) For some numerical parameter toli,er, test whether

log P2* — log P’
o, [log P — log P

< tOlinner .

i. If not, update prices according to
P — exp [log PY" 4 stepy e <10g P _log P b)}

for some numerical parameter step;,,., > 0. Increase b by one and return to step

2.b.

ii. If so, set P = Pm , Pijn = p?]ffl, and proceed to step 3.

ili. Compute sectoral composite spending X7, according to (H.15) and (H.17), setting

X =[id — x]7" X¢
where [X“];, = X,

[Xehn = 05,05,
a _ C Tg?n' a
[ Tin jnr = Lizi0s, (Z WC@W
1 + TE ’ T ’
(00,0 + G + 02070080 ) TGl — 0= 2 Gl
nn 1 +Tirgnn’ J 1 + zT]nn J

K a \1-o
a _ 91]n<pijn)
B

relevant, the Lagrange multipliers; when a solver is called repeatedly along an optimization path we start it
from the previously converged values.
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iv. Define w¢ and 7¢, using (H.18), (H.19), (H.12), and (H.20), setting

DD MCH

l neN JET

o,
o — gty T (o) ( Sy )

n'eN jET

1+7%
wn
where an =2 un wn Jan
1+ Tiim

v. For some numerical parameter tol,yier, test whether

max |log w§ — log w$| < tolouter
i€

and zer%lgé{./\/' [log 7e — logr$ | < tolouter-

(a) If not, update wages and capital rental rates according to

a+1 é- ~Q
w; = W;
7 ~Na sa a 7
ZjeZ wj gj + ZjGI,n’EN rjn’kjn’
a+1 — é

r

/\a

a a zn
Zjelw f + Z]GIH 'eN r]n k]n

where @] = exp [log w] + step, e, (log Wi — log wy)]

mn

- ( Z 'Ljn) /Tzqn

for some numerical parameter step, ., > 0. Increase a by one and return to step 2.

The constant £ is the calibrated level of world factor income and fixes the numeraire.
(b) If so, stop and set w; = wf, rip = 14, Pin = Py, Dijn = DY, Xin = X§,, Xi

> yn —

X8y kin = ki, and, using (H.7), (H.13), (H.14), and the production function for
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production capital in the main text, set

(‘ggn)g/5 (Xijn/Dijn) @7

_ /e 5-1)/5
Kign = [ZOGI: 6k, >0 (05,) "7 (Xojn/pojn) @~/

if X

} 6—0)/(G=1) ign > 0

0 if 9K, =0
C’i = Z in - Z <91an’ + efn’eénn’> Z }/;?n/
neN n,n'eN jET

L
Lin'n = 0; rinkin/-Pin’-

in'n

Note that setting K, = 0 when 05,1 = 0 is without loss of generality as Kjj, never
affects production in such cases. The solver stops with an error if any K;j, # 0 is

allocated to an origin from which there are no imports.

H.4.3 Numerical algorithm for equilibrium in peacetime static model given

capital

Next we describe the peacetime static model, taking capital and tariffs as given and computing
the necessary investment to make that capital. Much remains unchanged from Supplemental

Appendix H.4.2. Thus, in this section we simply describe what has changed.

Goods prices. We begin by characterizing the prices of all goods in terms of the factor
prices {w;} and {r;,} and relationship capital { K;;,,}. The price of the varieties follows (H.9),

but the price of the composite now depends on the fixed capital,

1/(1-0)
Pin - Z (Koin/Kin)(poin)lia ; (H21)

0€Z: 60X >0

oin
oin

)60 1) ] (@) (6-1)
where K“"b = ZOEZZ 0K >0 (HK )(1 0 : (Kozn)( v/ )] .

Spending. Firm profits are no longer a fixed share of capital revenue. Thus, country-i

expenditures are not (H.10), but

neN
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where ;, is the profit of the capital producer in sector n. The investment firm needs to

invest enough to create k;, capital. Defining

ST
)\in = ( ?n)_Zn/ 01”’" (kzn) ! (192"/" (H (Pin’)ogn/n> ) (H23)

nl

spending on investment goods can be written Py tiny = 05, Ain. Profits are then m;, =

oF > ier Yign = 2 OiprnAin. Household spending on sectors remains unchanged, (H.11).

Spending on country ¢ sector n is then given by

zn - Czn + Z eznn Z Y:Ljn + Z emn/)\in’7 (H24)
n'eN JET
rather than (H.13).
Next we observe that the origin-destination-sector expenditures X;;, are no longer (H.15),
but

(Kijn/Kjn)(Dijn)' 7
(}?n)l_a

where Cijn =

Tax revenue is still given by (H.16). Combining these adjusted spending equations implies

a linear system for sectoral composite spending X;, in terms of prices and exogenous variables:

X = [id - X]" X, (H.26)
where [ X, = Xy

[X ] - ‘90 wlf + Z eznn’ >‘m’ - 91,67; Z Z ‘ggn”n’ )‘m/

_ nC
[X]in,jn/ - Hm]li:j Z 1 + m Com

€T Toin’

((931952 + 9%) H—T] - @311 +J o ) Gign'-

ign/ 'Ljn

Factor markets. Labor market clearing is unchanged, so (H.18) and (H.19) still hold.

Capital supply is now fixed, so (H.12) is now a market clearing condition.
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Budget Lagrange multiplier. The Lagrange multiplier on the budget constraint in

peacetime is given by

C; —1/p
i = = _c)(p—l)/p' (H.27)

(IT, (P

Numerical algorithm. We iterate over wages, production capital rental rates, and sectoral
composite prices in outer and inner loops indexed by a and b, respectively. We proceed as

follows.
i. At a = 1, initialize all w?=! and r¢=! at their supplied initial guesses.

ii. Solve for sectoral composite prices given wages exactly as in Supplemental Appendix
H.4.2, except that Igﬁlb is defined using (H.21), i.e., with weights K,;,/K;, and elasticity

o in place of A% and 5.

iii. Compute sectoral composite spending X according to (H.25) and (H.26), setting
X = [id— X9~ X2

[Xg] = 0167; zf + Zemn’ in' (Z 92n”n’> in’
[Xa]in,jn’ - ]112]6267; (Z %ggjn’>

ogn
T
00 ek + QQ L+ Z]”l o 96’ Tijn' a
n’in’ inn’ 1 Tm Z]n znl 4T m Sijn/
ijn’ zgn

o K/ Ki) (05,) 7
gn l1—0
’ (P5.)

iv. Define w¢ and 7¢, using (H.18), (H.19), and (H.12), setting

{171“2620 Zzgn

v ne./\/ jET

~a __ k
Tin = 8 E zyn
JET
1475
a __ n ~a a
where Y7, = T CiinXjn-
Tiin
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v. For some numerical parameter tol,yter, test whether

max |log w§ — log w{| < tolouter
i€l

and ZeI%l%é(N [log 7, — log e | < tolouter-

(a) If not, update wages and rental rates according to

at1 § s

w:- = w:

(2 Na . ~a i 1
Zjel w; b+ ZjEZ,n’EN 7njn'k‘ljn’

at+1l __ 5 na

r =
n ~Na g ~a .
ZjeI wj l + Zjez,n'e/\/ Tjn’kjn/

where W] = exp [logwy] + step e, (log Wy — logw})]

T = exp [log riy, + step, e, (log 7, —logrf,)]

for some numerical parameter step, ., > 0. Increase a by one and return to step 2.

(b) If so, stop and set w; = wf, rin = 18, Pin = P, Pijn = Dy Xin = X§,, Xijn =

wm?
a X¢ and set

ign<rjn?
=Y X Y 0 Y W—z(Zem)

neN n,n'eN jET

lin'n = m n zn/ljm

(c) Finally, we also return the net rental rate of capital. For relationship capital, this is

. (1-0)/(6—0) (6-1)/(6—0)
b X L (Kijn/Kjo) (0ign)' = (052) (Kijn)
I Kigno — 17 %un0 (Pj)t— (K )@ D/@=) '

For production capital, this is the difference between the rental rate and the cost of

adding another unit,
a
in

kin ‘

Fin =Tin —
H.4.4 Numerical algorithm for equilibrium in peacetime static model given

Home trade

In the static model that represents the peacetime period, capital can adjust freely, subject
to the investment technology. We now describe the series of equilibrium conditions that

determine all endogenous variables, including capital, given Home’s trade vectors, mp;, and
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m;gn. The characterization of relationship capital is identical to the one in Supplemental
Appendix H.4.2, so (H.7) and (H.8) continue to hold.

Goods prices. For i # H, (H.9) remains unchanged. For H, prices are determined instead

by market clearing.

Spending. Country-i # H’s expenditures now include an additional transfer,

= wily+ Y O rinkin + T+ T (H.28)
neN
1 PHdn PoHn
where I'j= —— ————Mpyan — ————Mokn
‘I|_ g/ d#Hl—i_THdn 1+ oHn

The term I'; represents the transfer from Home to country ¢ to fund its trade deficit or surplus.
Equations (H.11)-(H.16) still hold for ¢ # H, and (H.15) applies only to flows with i # H
and j # H. Flows including H are given by

Combining these equations implies a linear system for the sectoral composite spending of

the non-Home countries:

X_pg=[id—X_u]"" X_mo (H.30)
where [XfH]zn = in

[X HO] 9 (wzg +F ) +6167; Z Aszn’mHm

n'eN 1 +7 Hm

+Z( it (080 + (O + 0507,) 05, Lk A

m1+ ZHn mn mnn in”’in/ mn 1+ ZHn vn vn
C Tg?n’

[X—H]in,jn’ = gin]li:j Z 1—m,COin’
o£H oin
1+7% T
02 1 (0., +0C0T 9’&) o O ) G
<< nn +( nn + m m) m 1_‘_7-2‘?”/ m].—l— []nn CJ

Factor markets. Factor markets remain unchanged, so (H.18), (H.19), and (H.20) all hold
for i # H.
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Numerical algorithm. We iterate over wages, production capital rental rates, Home
export prices, and sectoral composite prices in outer and inner loops indexed by a and b,

respectively. We proceed as follows.

i. At a = 1, initialize all w{=", r&~", and p};, at their supplied initial guesses.

ii. Solve for sectoral composite prices given factor prices as in Supplemental Appendix
H.4.2, with two changes: the Home row of variety prices is fixed at p} H]n = Plrn rather
than computed from (H.9), and the Home row of composite prices is set to ﬁ;;f; =1,

since Home’s own price index is not used.

iii. Compute sectoral composite spending X¢, for i # H according to (H.15) and (H.30),

evaluating (7, pf;, and Pj, at the prices from step 2 and setting
1 PHd Pon
P = T D | D T M = D Ty Mortn | -
eN Ld#H Hdn o#H

iv. Define w¢, 72, and pY;, for ¢ # H using (H.18), (H.19), and (H.20), setting

DD

Z neN jET

R I ( Sy )

n'eN jET
~q 1 4. X
Myin
I+ 7in a a :
. = X in for j # H
where Y% = ' )
o= M for j = H
1+7’ sznman or j =

Without loss of generality, set W}, =%, = Phy, = 1.

v. For some numerical parameter tolyyter, test whether
H;ax [log w — log w| < tolouter
K3

max |log7} —logri | < tolouter
z;éHneN| g g | oute

and max [log D%in — 10€ PYrin| < tolouter-

i1#£H ne
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(a) If not, update according to

i £ .
' Zj;éH w%‘ + Zj;éH,n’eN f?n’k}ln’ z
a+l _ § &
" Zj;éH w}lfj + Zj;éH,n’eN f?n’ ;‘Ln’ "

2

w

r

pa+1 _ 6 ﬁa
Hin — ~a g ~a a Hin»
Zj;éH wil; + Zj;éH,n’eN i Wy

where w, 7, and p are the log-linear updates of step step,,., defined as in Sup-
plemental Appendix H.4.2 and k¢, = (6’fn djer Yl‘;n> /ré . Increase a by one and

return to step 2.

(b) If so, stop and set w; = wf, ry, = 18

m?

Pin = ‘P’L%U pz]n = p%n’ in = Xq Xz]n =

m?

X for flows not involving Home and X;;,, = pijnmsj», for flows that do, k;, = &,

and recover Kj;;,, C;, and (;,, exactly as in step 5.b of Supplemental Appendix

H.4.2. None of the values for ¢ = H, nor Kjj, for j = H, are used.

H.4.5 Numerical algorithm for equilibrium in conflict static model

In the static model that represents the conflict period, capital is exogenous. We now describe
the series of equilibrium conditions that determine all endogenous variables, given capital
and trade taxes (which are also exogenous). As a preliminary check, the solver verifies that
the relationship capital aggregates satisfy K, = 1 at the capital stocks it is handed, and
stops if they do not, since this is the restriction that makes the sectoral composite problem
well defined.

Goods prices. We begin by characterizing the prices of all goods in terms of the factor

prices {w;} and {r;,} and relationship capital {K;;,}.

1+ Timn _ ¢ k Q
Pijn = T 22 (8,) " (wi) o (ri) % T (Pwr) i (H.31)
Tijn /
n’'eN
1 1/(1-0)
-Pin - Z (Koin/Kin)(poin)l_U 5
o€l: 6K >0 ]
oo ) o] )/ (ED)
where K, = [ZOEI: 0K >0 (egn)(l o) (Koin)( /=) .

Consumer demand. We next characterize country-i’s household expenditures on sectoral

composites, Cj,, in terms of prices and the Lagrange multiplier ¥); on the household budget
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constraint. The two-part utility function presented in the main text implies that the
households’ consumption expenditures satisfy
C pcx H;nn’ P
n’'eN in/
where Ez = (wi‘Pic)—p
~ ~ —1/67
Cin = (ViPi,, [ Vin) Mok

P = H (Pm)elcn

neN
Pl = TT ()i 0050
n'eN

Spending. We next use the above description of consumer demand to characterize total
expenditures on each sectoral composite good in terms of prices and budget constraint
Lagrange multipliers. Letting Y;;, denote the revenues of country-i firms on sales in sector n

to country j, the production function in the main text implies
Xin - Cin + Z Z egmly;ljn’a (H33)
JEL n'eN
and these revenues are equal to expenditures net of trade taxes,

1+ 75
— Yn X H.34
L+7m =" (H.34)

ign

9n

Next we observe that the origin-destination-sector expenditures Xjj, can be written in terms

of expenditures on sectoral composites,

(Kijn/ Kjn) (Pign)' 7
(Pj)t—e '

where G, =
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Combining (H.33)-(H.35) implies a linear system for sectoral composite spending X, in terms

of prices and exogenous variables.

X=[d-a"cC (H.36)
where [X];, = Xin
1+7%,
(Xinjor = 62, "

Lagrange multipliers on household budget constraints. We next show how the
Lagrange multipliers on household budget constraints are determined by consumption,

aggregate spending, and factor prices. Each country ¢ has tax revenues

T Z Z + m 0 Z Z _'_Z]: igmns (H37)

0EL neEN Toin jeET neN ijn

where, on cells with a prohibitive import tariff, the share 727 /(1 4+ 77 ) is understood to
equal one. The Lagrange multiplier on each household budget constraint must be such that,

given these revenues, the budget constraint holds:

neN neN

Factor markets. Finally, we characterize factor demand and factor market clearing in

terms of prices and aggregate spending on sectoral composites.

Wi=> 0> Yin (H.39)

neN jET

m - ekr ZY;jn

JET

wzgz = VVi) Tinkin - Rin-

Any given variety of relationship capital can, in any country, only be allocated to a single
sectoral composite producer. However, it will nonetheless be useful to compute the implicit

rental rate 75, associated with each such variety Kj;;,. The production functions for sectoral
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composites imply

pm = i L g <(Kij"/an)(pijn)l_a (9%~ "j (Kij?)(a—l)/(G—U)
Kijn o — 1" %n (Pjn)'—e (K )@ D/

(H.40)

Note this can, in general, be negative, as relationship capital with one origin detracts from

relationship capital with another origin.

Numerical algorithm. We iterate over wages, production capital rental rates, sectoral
composite prices, and Lagrange multipliers on household budget constraints in one outer and

two successive inner loops indexed by a, b, and ¥, respectively. We proceed as follows.
i. At @ = 1, initialize all w?=! and r%=! at their supplied initial guesses.

ii. Solve for sectoral composite prices given factor prices as in Supplemental Appendix

H.4.2, with P%" defined using (H.31) and tolerance tolinner,1 and step step,er -

iii. Compute true-consumption and investment-as-consumption price indices P/* and P}?

according to (H.32), setting

S (GO | (DR

neN n'eN

Compute the map between consumption and aggregate expenditures on sectoral com-
posites following (H.35) and (H.36), setting

a \l—o
HQ 1 + szn’ where a (KZ]n/KJN>(pz]n) )

iy / in = .
in,jn’ inn' 1+szn zgn’ Jn (ijn)l o

iv. Solve for spending on sectoral composites given prices as follows.

(a) At b = 1, initialize all ®" = U, if a = 1 or " =~ Pinal if g > 1.6
(b) Compute consumption expenditure according to (H.32), setting
Cq,b’ _ GC Pca ~a,b’ zrm _inn_ pua xa b
in Z _ 97‘(‘ in’ Cin/
n EN

where &Y = (¢f7blpl.ca)*9

]

0T

ﬂin = Vz'n§b1'g (1 - eﬂ 6”

a = (v P o)
)
D.

6@, is an auxiliary variable set in Supplemental Appendix H.
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(c) Compute sectoral composite spending Xﬁ;bl according to (H.36), setting X" =
id — &)t o,
(d) Compute trade tax revenues T,L-a’b/ according to (H.35) and (H.37), setting

a ’LJTL a a 4
+ m oin lTL m 'L]n ]n .

0€T neN Toin jET nEN Tijn

(e) Compute households’ trade-tax-inclusive incomes

b’ b
I = wili+ Y v ki + T
neN

(f) For some numerical parameter toliyner 2, test whether

max

< tOlinner,2 .
€L

log I'"" — log Z oot
neN

i. If not, update households’ Lagrange multipliers according to
PP = exp llog Ui + SteDiners (log > —logIf b)]
neN

for some numerical parameter step;,,., » > 0. Increase b" by one and return to
step 4.b.

ii. If so, set X} = an’b/ and proceed to step 5.

v. Define w{ and 7%, using (H.39), setting

T

——E:e Sy ?——ekEj v, = L Tunge xo

C n> mn n> ign m Sijn<rjin’
1—|—Tijn

Z neN JjET JjET

vi. For some numerical parameter tol,uter, test whether

max llog w — logw| < tolputer and zer%lr?é\/ [log 7, — log 1 | < tolouter-

(a) If not, update factor prices exactly as in step 5.a of Supplemental Appendix H.4.3,

increase a by one and return to step 2.

(b) If so, stop and set w; = wf, rin = 15,, Pin = Pg,, Pijn = Dy Xin = X

mnr

Xijn =

in)

o X% . and compute 7, using (H.40).

ign<*jn?
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H.4.6 Numerical algorithm for equilibrium in conflict static model given Home

trade

In the static model that represents the conflict period, capital is exogenous. We now describe
the series of equilibrium conditions that determine all endogenous variables, given capital,
Home’s import quantities {m,.p .} and export quantities {mpy 4m.}, and solve for the
equilibrium in the rest of the world. Goods prices and consumer demand are given by (H.31)

and (H.32) exactly as in Supplemental Appendix H.4.5.

Spending. The accounting identities (H.33) and (H.34) continue to hold. For flows that do
not involve Home, Xjj, = (;jnX;, with ¢ as in (H.35). For the Home country, by contrast,

Xijn = DijnMijn, fori=H or j=H. (H.41)

Combining these implies a linear system for the sectoral composite spending of the non-Home

countries,

X_ g =[id—X_g]"" X_mo (H.42)
where [X_glin = Xin

[X_HO Om + Z emn’ 1+7 szn’man

n'eN an
14+77%,
[XfH]in,jn Qfgm 1 +7 riz Cz]n

z]n

Lagrange multipliers on household budget constraints. Each country ¢ has tax
revenues given by (H.37), with the flows involving Home valued at (H.41). The Lagrange

multiplier on each non-Home household budget constraint must be such that

> Con=wili+ > rikin + T, + T (H.43)
neN neN
1 PHdn DPoHn
where I'; = —— — o MHdn — T m MoHn
|I|_ z;/ d#Hl_}—THdn H]‘_'_ToHn

Home’s own budget constraint is not imposed, since Home’s trade vector is given; none of

the values computed for : = H are used.

Factor markets. Factor demand and market clearing are as in (H.39), restricted to ¢ # H.

The implicit rental rate on relationship capital is given by (H.40).
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Numerical algorithm. We iterate over wages, production capital rental rates, Home
export prices, sectoral composite prices, and Lagrange multipliers on household budget
constraints in one outer and two successive inner loops indexed by a, b, and &’. The structure

is identical to Supplemental Appendix H.4.5 with the following modifications.
i. At a =1, initialize all w?=! =1, r¢=! =1, and pH]n =1foralle,j # H.
ii. Solve for sectoral composite prices given factor prices as follows.

(a) For i # H, at b= 1, initialize all P%"=" = 1if a =1 or P%"=" = P& bl jf g > 1.
(b) Define P™ for i # H using (H.31), setting

m
ap 1T

) q \—1/, a\6¢ a \6F a,b\ 6%
L= — h w: mr. m P / in'n
Pin = T ) ) T (P2)
r 1/(1-0)
Prt=1 Y (Kon/Ki) i)' ™"
| 0€Z: 0K >0
r (6—0)/(6-1)
where K, = Z (an)(lfo)/(ﬁfa) (Kom)(c’rfl)/(&fa)
| 0€Z: 6% >0

(c) For some numerical parameter tolimer1, test whether

Ha,b a,b
#Ilr{l%}e(N llog P” — log Py, | < tolinner,1-

i. If not, update prices for i # H according to

PO — exp [log Pob 4 SteDinner.1 <1og P»" —log P b)}

for some numerical parameter step;,,.,; > 0. Increase b by one and return to
step 2.b.
ii. If so, set Pg = Pm , Dl = pl]n, for i ## H, and proceed to step 3.

iii. Compute true-consumption and investment-as-consumption price indices Pf* and P}?
for i # H according to (H.32), setting

Pica: H(Pa) <

neN

P = [T (P i/ 0705,
n'eN
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Compute the map between consumption and aggregate expenditures on sectoral com-

posites by non-Home countries following (H.42), setting

1+ 75

[XEH]in,jn’ = eann —Z:Cz n'
L+, zjn 7
(Kijn/ Kjn) (055)"
where (% = e
! (Pg)!

for i, 7 # H. Compute international transfers I'? following (H.43):

a 1 p?{dn ngn
Ii = |I|——1 Z Wden - WmoHn
neN Ld£H Hdn o£H oHn

iv. Solve for spending on sectoral composites given prices as follows.

a—1,bt

(a) At v/ =1, for all i # H, initialize wf’b/ =V, ifa=1or w“b =1, Talif g > 1.7

(b) Compute consumption expenditure for i # H according to (H.32), setting

Cab _ HC’Pca~ab + Z znn _inn!_ pua & ~a,b

_ AT in’ zn’
n EN 0
where 6?’1)/ — (@ng’blf)ica)_p
o ' _ N\ "V
i = (o0 P/ )
(¢c) Compute sectoral composite spending X" for i # H according to (H.42), setting
Xﬁvg — [id _ XfH}_l Xf’fi}o
where [X“} ], = X5

ab’ - a,b 2 : Q 1+ TH /
[X—HO]m - Czn eznn 1 1T p p;lHn’mlHn
n'eN an

", is an auxiliary variable set in Supplemental Appendix H.5.
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(d) Compute trade tax revenues 7" for i # H according to (H.35) and (H.37), setting

jvza b Z 7_Hzn pHmmHm + Z Z . + o gln ab

1
+T Hzn o£H neN Toin
an U” a xa b’
- § sznmlHn § § 14+ 7m z]n :
nEN J#H neN ijn

(e) Compute households’ trade-tax-inclusive incomes for i # H (as in (H.43))

I = wil+ > vk + T+ T
neN

(f) For some numerical parameter toliyner 2, test whether

a,b’ b
max log I —log Y~ Ci”|< tolimmera.
neN

i. If not, update households’ Lagrange multipliers for ¢ # H according to

w?b/“'l = exp [log w;hb/ + Stepinner,Q (log Z CZ”Lb/ - lOg I;l’b/>]

neN

for some numerical parameter step;, ..o > 0. Increase b" by one and return to
step 4.b.
ii. If so, set X = Xf,;b/ for ¢ # H and proceed to step 5.

v. Define w{ and 7¢, for ¢ # H using (H.39), setting

T = O Vi

Z nEN jET

~a k a
rzn L. (9 ngn

in jez

1477 .
7,]77, a a

T X in for j # H

Lot

Un a >
1+ sznman for J = H

a __
where Y}, =

Similarly, for i # H, set
-
Mirin Hin

a

~q
PHin =
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Without loss of generality, set
{D?-I = ?%In :%Hn =1
vi. For some numerical parameter tol,yter, test whether

I};EE( [log w — log w}| < tolouter

. .
Jpax log 75, — log 7, | < toloyter

and #III},%)GCN [log D% — 10g PYrin| < tolouter-

(a) If not, update factor prices according to

a+1 5 ~a
w' = WS
K3 o/ ~a . 1
Zj;éH w; l; + Zj;éH,n’EN Tjn’kjn'
Tq+1 _ 5 7a
m ~ag . ~a ] n
Zj;ﬁH w; l; + Zj;&H,n’EN Tjn’kjn'
a+1 __ 5 ~a
pHm -

p p PHi

Z#H Wity + Z#H,H,EN 7 kg in

where W@ = exp [log w{ + step, e, (log Wi — log wy)]
f?n = exp [1Og r;'ln + Stepouter (lOg ?gn - 1Og T;’ln)]

ﬁ%[z‘n = exp [log p%]zn + Stepouter (lOg m{in - log p(}{zn)]

for some numerical parameter step, ., > 0. Increase a by one and return to step 2.

(b) If so, stop and, for i # H, set w; = wf, rin = 1§, Pin = Pf,, Pijn = Py Xitlin =

X Xijzan = (5, X5, Xitn = Py, Minn, and—using (H.40)—set

. (1-0)/(6-0) o—1)/(6—0
oo Xgm L (Kijn/Kjo) (pign) ™" (055,) (Kjn) 70
umn Kijno—1 05n>0 (Pj)i—7 (K;,)@-1/G=0)
for j # H.

H.4.7 Numerical algorithm for equilibrium of conflict period given own trade
quantities

We now fix a country i with import quantities {m,z;in}, export quantities {m; gz n},
production capital {k;,}, and relationship capital {K,;,}. We assume these imports and

exports are simply an endowment of the representative consumer (a negative endowment in
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the case of exports) and solve for the equilibrium in the conflict period taking them as given.
This is the Meade utility function of country 7, and it is the object we differentiate to build
the manipulability term in Supplemental Appendix H.3.

Our algorithm iterates over wages, production capital rental rates, imported good prices,
sectoral composite prices, and Lagrange multipliers on the household budget constraint in
one outer and two successive inner loops indexed by a, b, and ¥, respectively. Although

variables are indexed by 7, we compute them only for the fixed country ¢ of interest.

i. At a = 1, initialize all w?=! r¢=1 and 1007,EZ . at their supplied initial guesses. Prices on
cells with no trade are set to infinity.

ii. Solve for sectoral composite prices given factor and import prices as follows.

(a) At b= 1, initialize all P4"=" = 1if a = 1 or P&"=" = pe- bt jf g > 1.
(b) Define P%" using (H.31), setting

/b -1 efn an )b Q
Piin = (¢5,) " (i)™ (i)™ [T () e

n’'eN

Pt = L o Kin/Kin)(05)' 7+ Y (Koin/Kin) (0%) "™ ;

o#i: 0K >0

oin

o—o
g—1

where Kin = [Zoemf{. >0 (‘9571)ﬁ (Koin)ﬁ} i

(c) For some numerical parameter tolier1, test whether

max ‘log log Pa ° < tOlmner 1

and, if not, update prices log-linearly with step step;,,e,; and return to step 2.b. If
so, set P = Pm , Pl = pZ’Z, and proceed to step 3.

iii. Compute true-consumption and investment-as-consumption price indices Pf* and P}/?

according to (H.32), setting

=Tl e, pe=T] (o).

neN n'eN

iv. Solve for spending on sectoral composites given prices as follows.

(a) AtV =1, 1n1t1ahze1pab =27 1fa—1orwab = Whinat if g > 1.8

8, is an auxiliary variable set in Supplemental Appendix H.5.
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(b) Compute consumption expenditure according to (H.32), setting

CZCL b _ GC Pca~ab + Z mn’ _inn’ _ pia ~a,b’

_ 071— in' Cint
n EN
~a,b a,b’ pea P
where ¢;7 = (zbi P >
-1/67
~Q b a, v ea m
e = (v P )
- k 7 \OF
n — Vin¢in (]- - Qm) i

(c) Compute the representative household’s income inclusive of the value of its endow-

ment of imports less the cost of producing its negative endowment of exports,

Y = w4+ ki Y Y [Pl Min — M) -

neN j#i neN

(d) For some numerical parameter toliyner 2 > 0, test whether

< tOlinner,Q .

log I — log Z o
neN

i. If not, update the household’s Lagrange multiplier according to
PP = exp llog P 4 SteDipner (log oo —log I b)]
neN

for some numerical parameter step;,,., o > 0. Increase b' by one and return to
step 4.b.

ii. If so, set Cf, = Cf,;b, and proceed to step 5.

v. Compute sectoral composite spending X, according to (H.33)-(H.35) and the observation

that producing an export m; j; » requires production costs of p;;,m;j, in sector n and
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country ¢. Namely, set

vi. Define w{

X =[id - X7 X
where [X?]. = X7

m

[(X8)in = Cint D D Ot Dl i

j#£i n'eN
[Xa]nﬂ"/ = ezcgm fin’
a \l—0o
Ca' _ ( oin/Km) (pom) .
o (Pa)' ™"

7,y and pg; ;. using (H.39), setting

i EZQZZ_]TL

v nEN jeET

~a k E
Tin = ] 0 zgn

JET
oin oin
Moin
a a N
va _ aXe ifi=j

ijn

DiinMijn il # ] |

vii. For some numerical parameter tolyuer, test whether

‘10g ﬁ)f - log w?’ < tOlouter

max [log 7¢, — log 7% | < tolouter

osglgé/\/ |10g pom IOg pgin| < tOlouter-
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(a) If not, update factor and import prices according to

w;l-i-l _ Aagi + Zn’EN {gin’ ¢
U)i g, + Zn’eN Tgn, k‘m/

i = ot Sk gy
W+ en T Ky

at+l gl + Zn/e/\/ km/ ~Q

po;éi in "~ ~a ~a Poin
Wil + 3 e n P Kine

/LZJ? = exXp [IOg w? + Stepouter (lOg 'LZ];I B log wf’)}

~a

ﬁgin = exp [lOg pg’in + Stepouter (10g ﬁcolin - lOg pZzn)]

for some numerical parameter step, .., > 0. Increase a by one and return to step 2.

(b) If so, stop and set w; = wf, ry = 18, Py = PL, Potiin = Poin> Pijrin = Piin>

7

Xin = X2, Cy, = C8, and, using (H.40),
-0 (1-0)/(6—-0) 5-1)/(G—0
I Xz 1 X (Kom/Kzn) (poin)l . (egn) (KOW)( s )
oin Ko —1 62%,>0 (Pz )1—0’ (Kz )(5—1)/(6—0) ’

Note that the world prices implicitly assume country ¢ sets its trade taxes to zero.

H.5 Model Calibration

This appendix details the model calibration procedure outlined in Section 6.2. The calibration

takes as inputs cleaned 2017 data on and imputations of tariffs 7729

9n
data.
ign

and export subsidies

l,data
n ’

z,data

T, ; trade shares

ijn

k,dat data, 1. . o
gl and 992" directed investment shares of capital income, 6

in'n

labor, capital, and intermediate shares of gross output, 6

Ldata |
in'n

consumption shares

Qicn’dam; and final consumption expenditures C%. See Supplemental Appendices G.1 and

G.2 for a description of how we construct these variables.
c

m?

Vin, 06 ek

m? Tin?

We calibrate the elasticities {0, 7, p}, preference and production shifters {6
%

in'n?

0ty 055 &, 01}, and labor endowments {¢;} under two assumptions. First, the data
we observe correspond to the peacetime period in the § — 0 limit. This implies that the
static equilibrium conditions described in Supplemental Appendix H.4.2 apply. Second, under
free trade, the economy is stationary in the sense that sectoral composite prices are the same
at both times, up to a constant, and time-1 consumption and investment spending coincide
with time-2 consumption-as-consumption and investment-as-consumption spending, up to

the same constant.
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Our calibration normalizes the units of account of origin-sector goods, labor, and produc-
tion capital in each country so that p;, = w; = r;, = 1 in the observed peacetime equilibrium
for all € Z and n € N'. We then calibrate parameters as follows.

In addition to the parameters calibrated below, our calibration saves the data-implied
level of nominal world GDP, £, and Lagrange multipliers on household budget constraints ;.
Our simulations use £ to normalize prices so that nominal world GDP is held constant. They
use V; to form a starting guess for the Lagrange multiplier on households’ budget constraint

in the conflict period.

Elasticities. We set o and & to match the evidence on short- and long-run trade elasticities
from Boehm et al. (2023). Following Boehm et al. (2024), we set the short-run elasticity
to 0 = 1.25 and the long-run elasticity to ¢ = 2. We set p = 0.53, the mean estimate for
China’s elasticity of intertemporal substitution reported in the meta-analysis of Havranek et
al. (2015).

Relationship capital productivity. Since p;, = 1, the price of variety in in country j

m,data

is simply the tax, pfel® = ST Then using (H.9) and (H.15), the relationship capital

ijn 1+ z,data

L. ign
productivity parameters are

(plata) 7" ¢data
9K . ijn ijn

ijn data\7 ! ~data”
Do (pi/jn) i'in

Preference and production shares. We set all production and preference share parame-

ters to their empirical analogs in the 2017 data. Concretely, we set

c C,dat ¢ ¢,dat k k,dat
ein = e'm ¢ a7 em = eina a7 ein = em ¢ a7
Q _ pQ.dat _ pudat
ein’n - ein’na a’ eén’n - 97?71’(711(1'
Labor endowments. We set countries’ labor endowments to the levels required to produce
the final consumption vector we observe in the data. To this end, we first compute the

vector of country-sector gross outputs using the following expression for revenues in terms of
consumption, based on (H.14), the price normalization, (H.15), (H.13), and (H.11):

1+ Tiﬂ;n c Q k ne
Yin =2 1 G <9an]~ 0 (B ) Vi |
el ijn n'eN
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Inverting this expression implies a matrix expression for Y;,:

Y = (id— M)"'C

14775,
Whel"e [M:I,L'an/ = J Cz]n <9Q ’ + anle‘;nn )

T,
~ 14+ 7%
_ ijn c
Clin =Y T2 Cinb
T mn

We define Y% by
ydets = (id — M)~1C,

z,data m m data data data
where M and C are computed using T, i = Tiin o Tign = Tijn» Gign = Gy and Gy = CF*.

Finally, we set labor endowments to meet the labor demand implied by this level of gross

output:
¢y d
£ - Z emy;nata‘
neN

Nominal world GDP. We compute nominal world GDP as

E= ) (B, +oL)Y

iELNEN

Production shifters. We set the production shifters ¢! to be consistent with our price

normalization. Composite producer cost minimization implies

e
pe d I
J;’m - [Z sz’ pwaéa ] .
Then since the price of varieties is one, (H.9) implies

Q
¢ =T (pate) o

n/

for alliGZandnEN.
To calibrate ¢, we first compute the level of capital bills R4%% implied by the revenues

Ydate consistent Wlth the rest of our calibration, namely

1 + 7 z,data
data — pk Z]n data C vdata Q L data
Rin — an Z 1+ m,data >ijn Hjncj Z <ann’ + ejn’ejnn ) Y;n’

jET ij" n'eN
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The price normalization and (H.20) together imply that

8, = (Rt T (P,
n'eN

Investment-as-consumption preferences. Recall we assume that, under free trade,
sectoral composite prices are the same at both times, up to a constant, and time-1 consumption
and investment spending coincide with time-2 consumption-as-consumption and investment-
as-consumption spending, up to the same constant.
Under our time-invariance assumption, (H.32) implies
(B (1= 67 Rige)

in —

(Pic,data)(pfl)/p (Cidata)l/p

c,data __ data\0S,
where P, = H (PS5
neN
vdata _ data\0* , /(1-0T )
IDin = H (Pin’ ) inn B
n’'eN

for Dy, = vk, (1 — 07 )% We accordingly set

ﬁin

Vipn =

Lagrange multipliers on household budget constraints. Using (H.32), we set ¥; to

the implied Lagrange multiplier on the household budget constraint, i.e.,

-1/p
data
U, = CZ— ]
(Pic,data)lfp
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