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Abstract

We study how changes in productivity and trade costs affect welfare when coun-
tries accumulate capital and borrow and lend internationally, and firms charge
markups. We quantify a multi-country, multi-sector model with sector-specific capital
accumulation and input-output linkages, and compare it with a static benchmark with
fixed aggregate capital and balanced trade. We find that the productivity and trade
barrier changes inferred over 2000-2014 generate consumption-equivalent welfare
gains of more than 150 percent for China in the dynamic model, compared with
around 100 percent in the static model. We find that aggregate capital accumulation
generates most of the additional 50 percentage points by expanding future production

and sales. Profit shifting accounts for two-thirds of the difference.
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1 Introduction

Changes in productivity and trade barriers shift production and sales across countries.
When firms charge prices above marginal cost, profit income from these changes in sales,
or profit shifting, affects how welfare is distributed across countries. Investment extends
this effect over time because capital installed today changes future production and sales.
Understanding profit shifting, therefore, requires accounting for how capital accumulates
following changes in productivity and trade barriers.

This paper studies how capital accumulation and international borrowing and lending
shape profit shifting and welfare following changes in productivity and trade barriers. We
develop and quantify a dynamic multi-country, multi-sector model in which households
accumulate sector-specific capital subject to adjustment costs and borrow and lend
internationally. We compare the welfare effects with those from a static model that holds
aggregate capital fixed and imposes balanced trade.

We begin with a two-country, two-sector model that isolates profit shifting. An
increase in Home’s productivity in one sector lowers its export price in that sector and
raises its wage and export price in the other sector. Buyers shift expenditure toward Home
producers, increasing the profits received by Home households. At the same time, the
changes in export prices worsen Home’s terms of trade. The model, therefore, separates
the gain from profit shifting from the loss through the terms of trade.

The stylized model also shows how capital accumulation carries profit shifting into
future periods. When the increase in productivity is anticipated, the higher expected
return to capital induces investment in the affected sector. After productivity returns
to its initial path, the additional capital continues to lower marginal cost and sustain
production and sales. Its sector specificity keeps the capital in the affected sector and
preserves the increase in production.

The quantitative model extends the stylized setting to multiple countries and sectors
connected through domestic and international input-output linkages. Households ac-
cumulate sector-specific capital in every period subject to adjustment costs and trade
a one-period international bond. International borrowing and lending allow domes-
tic investment to differ from domestic saving and, therefore, affect the path of capital

accumulation. Sectoral demand elasticities generate heterogeneous markups.



We map the model to data and calibrate it to a global economy comprising the United
States, China, India, the European Union, and the rest of the world, each with eight sectors.
We use the World Input-Output Database for production, expenditure, bilateral sourcing,
input-output linkages, and sectoral capital stocks over 2000-2014 (Timmer et al., 2015).
Observed net external positions from the External Wealth of Nations database initialize the
model’s international bond positions (Lane and Milesi-Ferretti, 2018). External estimates
determine depreciation rates and trade elasticities, while simulated method of moments
estimates capital adjustment costs and intertemporal preference wedges.

Using annual producer prices, input costs, and bilateral expenditure shares, we infer
changes in productivity and bilateral trade barriers over 2000-2014. We compare this
path with a reference path that assigns the average productivity growth rate in the
world to every country and sector and holds bilateral trade barriers at their levels in
2000. Counterfactual permanent and temporary increases in Chinese manufacturing
productivity and a permanent reduction in manufacturing trade barriers isolate the
mechanisms.

For China, the dynamic model raises the consumption-equivalent welfare effect of the
changes in productivity and trade barriers inferred over 2000-2014 by 49.5 percentage
points, from 106.6 percent in the static model to 156.1 percent. Profit shifting contributes
32.4 percentage points, or 65.6 percent, of the difference between the dynamic and static
models. Capital accumulation expands future production and sales, increasing the profit
income received by Chinese households.

Counterfactual changes in productivity show that aggregate capital accumulation
generates most of this difference. Under a permanent 10 percent increase in Chinese
manufacturing productivity, the difference between dynamic and static welfare gains is
1.12 percentage points when international borrowing and lending are allowed, falling
modestly to 1.05 percentage points under financial autarky. Sector specificity contributes
less to lifetime welfare but determines where capital accumulates, while adjustment costs
govern the pace of adjustment. When a ten-year increase in productivity ends, capital
in the affected sector remains 11.0 percent above its reference level, output remains 2.6
percent higher, and export quantity remains 5.8 percent higher.

International borrowing and lending dampen domestic investment after temporary
increases in productivity but support it after a permanent increase. After the ten-year
increase, China lends part of its additional saving internationally, reducing capital accu-
mulation relative to financial autarky and lowering the welfare effect by 0.13 percentage

point. After the permanent increase, China borrows to finance investment, raising the
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welfare effect by 0.04 percentage point.

Changes in trade barriers also generate profit shifting. A permanent 10 percent
reduction in manufacturing trade barriers raises welfare in every economy. Direct
resource savings account for most of the gains, while profit shifting contributes between
20.7 and 35.5 percent. Profit shifting, therefore, matters for the welfare effects of changes
in both productivity and trade barriers.

The results also show that profit shifting depends more on a common markup than
on differences in markups across sectors. A positive common markup is sufficient for
changes in sales to redistribute profit income across countries. In the counterfactual
increase in Chinese manufacturing productivity, sectoral markup differences reduce profit
shifting because production expands relatively more in sectors with smaller markup
wedges. These differences have little effect on world welfare; their larger effects for

individual countries reflect the distribution of profit income.

Related Literature The paper builds on research that decomposes the gains from trade
and trade policy under imperfect competition. Import tariffs can affect welfare through
the terms of trade and profit shifting (Ossa, 2014), while subsequent work studies scale
economies, markups, and production relocation (Lashkaripour and Lugovskyy, 2023;
Firooz and Heins, 2026). Research on allocative efficiency evaluates production changes
at price-cost wedges (Holmes et al., 2014; Baqaee and Farhi, 2020). We show how
capital accumulation changes future production and how the resulting profit income is
distributed across countries.

The paper also contributes to quantitative dynamic models of open economies with
capital accumulation, trade imbalances, and transition dynamics (Dekle et al., 2007;
Reyes-Heroles, 2016; Kehoe et al., 2018; Anderson et al., 2019; Ravikumar et al., 2019; Dix-
Carneiro et al., 2022; Kleinman et al., 2026). Boehm et al. (2026) study adjustment through
destination-specific entry in a dynamic Krugman model and find that international
borrowing and lending mainly change the timing of the gains from trade. Our emphasis
on sector-specific capital and heterogeneous sectoral markups instead connects trade
imbalances to capital accumulation across countries and the profit income received by
households.

Section 2 develops the stylized model. Section 3 presents the quantitative model and
welfare decomposition. Section 4 maps the model to the data. Section 5 presents the

quantitative analysis, and Section 6 concludes.



2 Stylized Model

2.1 Environment

There are two symmetric countries, Home and Foreign, indexed by n € {h, f}, two
sectors, j € {1,2}, and three dates, t € {0,1,2}. Sector 1 uses capital and labor, whereas
sector 2 uses labor only. Country 7 has a fixed labor endowment L, and a sector-1 capital
stock k}z,o at date 0. Labor moves freely across sectors within each country but not across
countries. We assume there are no international trade costs.

At date 0, households learn that Home’s sector-1 productivity will rise at date 1
and return to its initial level at date 2. Households invest only at date 0, and capital
depreciates at rate § € (0,1).!

Final and Sectoral Goods The final consumption good is

o\
Cn,t: H < nft) ’

jefiay \ ¥

where C/ , is consumption of the sector-j composite and @/ > 0 is its expenditure share,

with al + a% = 1. Sectoral consumption is

o/(oc—1)
: - (c—1)/c
] 1/ ]
Cn,t - Z wmna <Cmn,t) ’
me{h,f}
where ann,t is country n’s consumption of country m’s sector-j variety, wy,, > 0 is its

demand weight, and ¢ > 1 is the elasticity of substitution.> Let § = ¢ — 1 denote the
trade elasticity.

Investment uses the same final good. Let P,,; denote its price and q{nn,t country n’s
demand for country m’s sector-j variety for consumption and investment. Expenditure
minimization subject to these aggregation technologies determines the price indices and

variety demands.

IThis timing isolates the effects of capital accumulated before the productivity increase. Section 3 allows
investment in every period, convex capital adjustment costs, and international input-output linkages.
Appendix A.1 provides the derivations and proofs for the stylized model.

%Bilateral variables are indexed by origin and then destination.



Production A sector-1 firm takes the wage wy,; and capital rental rate 7., , as given and

minimizes the cost of producing v} ;:

® 11—«
min r1lq,tk31,t+wn,t£1lq,t s.t. A}z,t (k111,t) <£}1,t) Z}/;lur (1)

nt'el

where 6,1” is labor input, A}Lt is productivity, and « € (0,1) is capital’s output elasticity.

The resulting marginal cost is mc}, , = A+ (@) (1 ;) . Sector 2 produces y3 = /2 ,
where (2 1 is its labor input, and has marginal cost mc? nt = Wnt.

Profit-maximizing firms charge markups setting the price ant = wmd n¢ N destina-
tion m, where 3/ is the gross markup. Sector 1 operates under monopolistic competition

with yl =0/(0c—1) =1+ 1/6, while sector 2 is competitive with ;uz =1.

Revenue and Profits Country n’s sector-j revenue is Rit = Yme{nf) Xfm t» where
X{imt = an t%mt is expend1ture in country m on its variety. Sector-1 profits are Hn p =
QlR}l ;, where ¢! = 1 —1/u! is the profit share of revenue, while sector 2 earns zero
profits.

Households The representative household owns domestic firms and capital and trades
a one-period international bond. Each bond pays one unit of a reference country’s final
good, which serves as the numeraire: P« ; = 1, where n* € {h, f} denotes the reference

country. Given its initial capital stock k. ,, the household solves the following problem to

n,0’

maximize the life-time utility U,:

2
U, = max Z B'log C
{Cn,t}tZZOI I}I/Or t=0
bn,lz bn,Z

st. Py (Cn,t + i,lq,t> + Qtbp i1
= WptLn + 1k 111 + by, t€{0,1,2}, )
ki = (1= 0)kyo+ing, kuo=(1-0)ky s,
il =0, te{1,2}, by=0, bys3=0,



where B € (0,1) is the discount factor, i}, is investment, b, ;1 is the number of bonds
purchased at date t, and Q; is the bond price.’

Equilibrium An equilibrium consists of prices and allocations that satisfy household
optimization, firm cost minimization and pricing, and market clearing. Goods markets
clear when yil,t = Yme(nf) q{im,t, labor markets when ﬁ;/t + fﬁ/t = Ly, and the international
bond market when },c(; sy but = 0. Capital employed in sector 1 equals the stock
supplied by domestic households.

2.2 Welfare

We suppress date subscripts, write 7 for country n’s trading partner, and use +1 to denote
the next date. Appendix A.1.4 derives the following welfare decomposition from the

household budget, expenditure minimization, and firm cost minimization and pricing:

PyCyduy = V, dlog Ay + 1y, dky — Py diy +d (by — Qby 11)

Prod:lgtivity Capital accumulation Net bon:i,receipts
+ ) (X{m dlogmd), — X}, dlog mc%)
je{1.2}

J/

=dWT (terms of trade)

+ 0" (Phn A0 + Phaddia ) 3)

-~

=dwil! (profit shifting)

where du,, = dlog C, denotes the change in period utility, V,} = R}/ u! is sector-1 variable
cost.* Lifetime welfare satisfies dU, = Y'2_, Btdu .

2.3 Terms of Trade and Profit Shifting

We evaluate changes around a symmetric balanced-trade allocation, holding relative

expenditure fixed: dlogE, —dlogEy = 0, where E, = P,(C,, + i) denotes total final

3Investment reduces current consumption possibilities and generates future capital income. International
borrowing and lending allow households to finance investment and smooth consumption.

4Fixed markups imply dlog p},, = dlogmdc}, so the terms-of-trade contribution values export and
import price changes at initial quantities. The profit-shifting contribution satisfies dwitt = dr1l —
IT} dlog mc), and measures the price-cost gap on changes in domestic and export sales.

SEach term on the right-hand side of equation (3) is measured in units of the reference country’s final
good. Dividing by P,,C, gives its contribution to period utility.



expenditure. At this allocation, the demand weights imply the same domestic expenditure
share s € (1/2,1) in both sectors. Each country has sector-j revenue R/ and exports
Xi* = (1—s)R/.

Define Home’s relative sector-1 cost advantage as A = dlog mcjl( — dlogmc, > 0.
Demand implies d log R} — dlog R} = 17, where 17 = 4s(1 — s)f. Labor-market clearing
gives W = AJyA/[1+ (1 —A])n] > 0, where @ = dlogw;, — dlog wy is the relative wage
change and A} is sector 1’s initial share of labor income.® Define relative profit shifting as

the deviation from the two-country average:

dwilt — gwill
. .

deI,l,rel = (4)
Proposition 1 (Relative profit shifting outweighs the terms-of-trade loss). Suppose s > 1/2
and u' =1+ 1/6, with 6 > 0. At the symmetric balanced-trade allocation, Home’s sector-1 cost
advantage A > 0 worsens its terms of trade but generates a relative profit-shifting gain that more

than offsets the loss, provided relative expenditure remains fixed.:

Sector 1 Sector 2

—~ =
dwieT = — XA + X**% < 0,
IT,1,rel __ QlRl _ ToT
dw, =5 (1+n)A>—-dW,° >0. (5)

Foreign’s terms-of-trade and relative profit-shifting contributions are equal in magnitude and

opposite in sign.

Appendix A.1.7 provides the proof of Proposition 1. Proposition 1 establishes that the
sum of the terms-of-trade and relative profit-shifting contributions is positive for Home
and negative for Foreign. Profit shifting includes changes in domestic and export sales,
whereas the terms-of-trade contribution applies only to international trade. Under the
stated home-bias and markup assumptions, Home’s profit-shifting contribution exceeds

the two-country average by more than its terms-of-trade loss.”

®The labor-income share is A} = [(1 —a)R!/u!]/[(1 — a)R!/pu! + R?]. Home’s lower relative sector-1
marginal cost raises its relative revenue and wage. The wage increase raises the relative price of its sector-2
exports.

"This result does not determine either country’s total welfare change, which also includes the common
profit-shifting contribution and the remaining terms in equation (3).



2.4 Persistence after a Temporary Increase in Productivity

Proposition 1 shows that a relative sector-1 cost advantage generates a relative profit-
shifting gain that exceeds the terms-of-trade loss. Investment in anticipation of a tempo-
rary productivity increase can preserve this cost advantage after productivity returns to
baseline.

At date 0, households learn that Home’s sector-1 productivity will rise at date 1
and return to baseline at date 2. Denote the proportional productivity increase by
A%z,l = ¢ > 0, where X = dlog x denotes the proportional change in a positive variable

x. This anticipated increase raises Home’s capital stock relative to Foreign’s, so k! =

x1 7l 8
kh,l - kf,l > O.

Common proportional depreciation preserves this relative capital difference at date 2:
/k\i 5 — /k\Jl{ , = kL. With relative date-2 expenditure fixed, the remaining capital difference

generates a marginal-cost advantage Ay = /\Kic/1 > 0, where Ag > 0 measures the effect of

relative capital on Home’s marginal cost.”

Corollary 1 (Persistence through capital accumulation). The anticipated productivity increase
e > 0 generates a positive relative capital response k' > 0. With relative date-2 expenditure fixed,
Home’s terms-of-trade and relative profit-shifting contributions, after productivity levels return to

baseline levels, satisfy

Ay ~
dWTOT — _Xl,x XZ,x L A kl < O,
" TR R
2
awpyire — O R (1+ Ak > —dWst >0 (6)
h2 - 2 T)AK h2 4

where all coefficients are evaluated at the symmetric date-2 allocation.

Appendix A.1.8 provides the proof of Corollary 1. The corollary identifies capital
accumulation as a source of persistence in the welfare effects characterized by Proposi-
tion 1: investment before the productivity increase sustains those effects after productivity

returns to baseline, which would be omitted in a static model with fixed capital.

8The household’s investment condition is Pyo= Qor}q,l +(1-9¢ )Q0Q17;11,2- Appendix A.1.6 derives the
positive relative capital response from this condition and the household budget constraint.

At the symmetric date-2 allocation, Ax = a/{1+an+ (1 —a)Aln/[1+ (1 — Al)y]}. Home’s larger
relative capital stock lowers its relative rental rate and marginal cost after productivity returns to baseline.



3 Model

We extend the stylized setting to multiple countries and sectors with input-output linkages,
sector-specific capital, and international borrowing and lending. Appendix A.2 derives

the demand, cost, and pricing conditions. Appendix A.7 provides the solution method.

3.1 Setting

Time is discrete, + € {0,1,...}. Countries are indexed by n,m € N, and sectors by
j,k € J. Each sector in each country has a unit mass of symmetric firms that compete
monopolistically and produce differentiated varieties. Under symmetry, we suppress the
firm index.!”

Country n has a fixed labor endowment L,, which households supply inelastically.
Households own domestic firms and capital and trade a one-period risk-free bond
internationally. Labor moves across sectors within a country, while capital is specific to
each sector within a country. Households and firms have perfect foresight over the paths

of productivity and trade barriers.

3.2 Demand

Final Good Let Z,; denote the final good produced in country n, and let Z{Lt denote
the amount of the sector-j composite used in its production. The parameter IXI;'] > 0is
the expenditure share of sector j, with }; ) =1. Competitive final-good producers use

the Cobb-Douglas technology

Zu=T1(7,)" - )

jeJg

Let P, denote the price of the final good and Pqu.,t the price of the sector-j composite. Cost

minimization gives

. a,

P] ) . ri

P}’l,i’ = H < Z:‘;> and P;Zl’tzz/l,t = an/]PI’l,th,t' (8)
j€T \&n

19The fixed firm mass allows operating profits to accrue to households; free entry would require entry
and fixed costs.



Consumption, investment, and capital adjustment use the final good. Nominal expendi-

ture on the final good is Fy, 1 = Pyt Zn .
Sectoral Goods Sectoral goods are used in final demand and as intermediate inputs. Let
QL,t denote the sector-j composite available in country #, and let qfnrn,t denote its quantity

of the variety produced in country m. The demand weight on that variety is 7}, ,, > 0,

and the elasticity of substitution across origins is ¢/ > 1. The sectoral composite is

i o (01-1)
Qnt _ L;\/ (7;11,11)1/01 (qu,t) i-1)/0l

Final-good producers and firms purchase the same sector-j composite for final demand

] ol /(a7 -1)
, ©)

and intermediate use.

Variety Demand Let p{%n’t denote the price in country n of the variety produced in

country m. Cost minimization gives the sectoral price index and demand for each variety:

11/(1—d7)
j iy )
pn,t = ZN 7771,” <pm,n,t>
me
j ol (10)
. . p i .
an,n,t = Y (%) Q]n,t
P n,t
If Xj = P] tQ + 1s country n’s total expenditure on sector j, bilateral expenditure is

X]

mnt_Pmntqmnt

3.3 Production

Let Y] denote output of country m, sector j, and let A{m denote its productivity.

Productlon uses labor Lin g

as an intermediate input. The corresponding output elasticities are Em, K),, and w%;k, and

sector-specific capital K/, and the sector-k composite Mﬂnkt

m,t’

they sum to one. Each firm has the constant-returns Cobb-Douglas production function
, , N VRN N
Y;]n,t = Agﬂ,t (Mn,t) (K5nt> I <M{1/1,t> . (11)
keg

The constant-returns restriction is E] + Km + Y% wmk =

10



Let wy,; denote the wage, r the rental rate of sector-j capital, and mc/ marginal

m,t
cost in country m, sector j. Firms choose mputs to minimize variable cost at these factor
prices and the mtermedlate -input prices { PX ot ke 1 Constant returns imply that variable
Y]

m,t’

' - jik
dn K,j K k Wiy
i 1 Wi, t Vit p m,t
me, ;= — [ —= L : (12)
Al 2 ! ]’
m,t m Km keT

The production elasticities are also the shares of variable cost paid to labor, capital, and

cost equals mc/ and cost minimization gives

m,t

each intermediate input. Appendix A.2 reports the conditional input demands.

3.4 International Trade, Price Setting, and Profits

> 1 units at the

origin for one unit to arrive, with T, nt = 1. The marginal cost of supplying country 7 is

j j
therefore T, o, Gy

Shipping a sector-j good from country m to country n requires T’ p—

A firm takes the sectoral price index and expenditure in each destination as given
and chooses a destination-specific price to maximize operating profits. Demand in

equation (10) has elasticity —c¢”. Profit maximization gives

j ' j j
pm,n,t - “Ll] X Tm n, tmcm t . (13)

gross markup  delivered marginal cost

The gross markup is 4/ = 07/ (07 — 1). It is constant within a sector because demand has
a constant elasticity and differs across sectors through ¢/. Defining the trade elasticity as
0l =0l —1 gives ,uf =1+4+1/6 (Armington, 1969; Dixit and Stiglitz, 1977).12

Substituting equation (13) into demand gives the bilateral expenditure share

j

. .=
] J
j X;1 nt r)/mﬂi [Tm,n,tmcm,t}
S = - (14)
24 X]

nt YoeN 'Yo n [ th] t]

Higher productivity and lower trade barriers reduce the cost of supplying a destination

HA factor with a zero cost share is omltted from equation (12)

]

12The first-order condition is 0 = qm i T ( pm nt — Tmnt

mcm t)aqm it/ Bpm nt Substituting the demand
elasticity (aqm ", t/apm wt) (pm n, t/qm nt) = —o/ gives the markup.
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and raise that destination’s expenditure share on the origin. The sectoral markup does
not appear in equation (14) because it is common across origins within a sector.
Let Rin,t =Y, Xin,r},t denote revenue earned by country m’s sector-j firms, Véq,t .their

Variqble cpst, and H{W their operating profits. Output at the origin satisfies Y,ﬁu =
S T i@ - Equation (13) then implies

. Rj . . . 1 .
V= y—";t and II,, =R, , —V) = (1 - ﬁ) Rl .. (15)
The domestic household receives l—I{n,t. The production cost shares allocate revenue net of

profits across labor, capital, and intermediate inputs.

3.5 Households

The representative household in country n chooses consumption, sectoral investment,
and a position in a one-period risk-free international bond. The bond is denominated in
units of the final good of a reference country n* € N. Let Cp,t be nominal consumption
expenditure and C}f’t = Cy,¢/ Py real consumption. Let Izl,t denote investment in sector
J, K{Lt its installed capital stock, and B, the beginning-of-period international bond
position. A positive B, is a claim on the rest of the world, while a negative position is a
liability. Let B € (0,1) be the discount factor and &, ; an intertemporal preference wedge,
with ¢, 0 = 0.

Given initial capital stocks and bond positions, the household chooses C;, ¢, r iy K!

n n,t+1/
and B, ;1 at every date to maximize

00 t
max ) Bl exp (Z (fn,s> log C,{f,t. (16)
t=0 5=0

The household maximizes equation (16) subject to the budget and capital accumulation
constraints below, together with the no-Ponzi and capital transversality conditions. A
positive intertemporal preference wedge raises the household’s relative weight on future
consumption.

The beginning-of-period bond position pays the gross return R, and B, ;.1 is expen-
diture on the position carried into the next period. Let §,, € (0,1) denote the depreciation

rate and Xi,t the capital adjustment cost measured in units of the final good. The

12



household budget constraint and the law of motion for sector-specific capital are

. . Ki i .
Cn,t + Pn,t Z (I;]u + Xiz,t> + Bn,t+1 = wn,th + Z rn,t]K{Lt + Z qu + 7?’tBn,t/
jer jeT jeg (17)

K{i,t+1 = (1~ (SH)K{” + I;i,t'

The capital stock K{Lt is predetermined at date t. Investment chosen at that date deter-

mines the next-period stock in the same country-sector pair, and installed capital cannot

be transferred directly to another sector. Capital is sector-specific, so reallocation requires

new investment, while the adjustment cost below makes that reallocation gradual.
Installing capital uses the final good. Let ¢, > 0 govern the cost of changing invest-

ment relative to the capital stock. The adjustment cost is

; 2
: r .
Xpt = % ( r;,t _(5n> K, (18)
Kn,t

Household optimization equates the intertemporal return on the bond with the return
on sectoral investment. A higher expected rental rate raises current investment, while
adjustment costs spread the response over time. Access to the international bond allows
the timing of consumption to differ from the timing of domestic income and investment.
Appendix A.2 reports the corresponding Euler equations.

Let )LIn(g =1+¢, (I,i/t / K{Z,t — 0,,) denote the marginal installation cost of sector-j capital.
For a terminal horizon H, the bond and capital paths satisty the following conditions as

H tends to infinity:

Buaa o
H—o0 HH Re
o1 (19)
H P, gAY K
li H ’ n,H “n,H+1 -0 f . .
Jim B exp (s;o Cn,s> Cori or every j € J

The first condition is the no-Ponzi condition, and the second is the transversality condition

for sector-specific capital.
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3.6 Market Clearing and Equilibrium

Household choices imply F,; = Cy ¢ + Pyt Yije j(Ii,t + )(L,t). Sectoral expenditure com-

bines final demand with intermediate-input demand:

, , . Rk
F, kj Bt
qu,t = Qp ]Fn,t + Z wn]ik- (20)
keJ
Revenue equals sales to all destinations. Labor clears within each country, and demand
for capital services equals the installed sectoral stock:

. . . R e

I ] ] I J_nt R g
Rm,t - Z nm,n,tXn,t' Z Ln,t - L”/ Kn j - 7’n,t‘Kn,t' (21)

neN jer #

The global bond market clears, ), B, 11 = 0. Let TB,; denote country n’s trade

balance, defined as the value of its exports less the value of its imports:

TBy = Z Z Xi,d,t - Z Z Xg,n,t' (22)

j d#n j o#n

Combining market clearing with the household budget gives TB,,; = B, 111 — R¢Bunt. A
trade surplus increases a country’s international bond position, while a deficit reduces

that position or increases its bond liabilities.

Definition 1 (Sequential equilibrium). The fixed parameters are the discount factor, final-
expenditure shares, demand weights and elasticities, production elasticities, depreciation
rates, and capital adjustment-cost parameters. Given these parameters, initial capital
stocks {K{w}n6 N je7, initial international bond positions {B; 0} e, labor endowments
]

{Ly}nen, exogenous sequences { A/ T

< 1 Gt >0, @ sequential equilibrium is a se-

quence of the prices and allocations defined above that satisfies the following conditions

at every date and for all countries and sectors:

1. Final-good and sectoral-good producers minimize expenditure subject to equa-
tions (7) and (9). Their optimal demands and price indices satisfy equations (8) and
(10).

2. Firms minimize variable cost subject to equation (11) and maximize profits in each
destination subject to variety demand. Marginal costs, conditional input demands,
destination prices, and profits satisfy equations (12), (A.68), (13), and (15), with

14



j j ]
Ym,t - Ene./\/' T, tDmn b

3. Households maximize equation (16) subject to equation (17), the adjustment cost
in equation (18), and the no-Ponzi and transversality conditions in equation (19).

Their choices satisfy the Euler equations (A.69).

4. Real and nominal quantities are mutually consistent, so C}f’t = Cut/Put, Fup =
PutZnt = Cut + Put Yjeg (Iiz,t + X{q,t)r XZn,n,t = p{n,n,tq{n,n,t' and XZi,t =P 1]1,tQ]n,t' Bilat-
eral expenditure shares satisfy equation (14).

5. Goods, labor, sector-specific capital, and the international bond clear according to
equations (20) and (21) and }_,,c o By t+1 = 0.

3.7 Welfare

For a sequential equilibrium &, define the household’s date-t welfare weight and the sum

of these weights by
t 00
wmzﬁ%w<zxm> and Q=) @, < co. (23)
s=0 t=0

Country n’s welfare is lifetime utility evaluated along the equilibrium path:

_ Gut(€)
P&

Wi(E) = Y @nilogCRi(E) and CR,(E) (24)
t=0
Welfare therefore depends on the entire path of real consumption, not only its value
in a particular period. The timing of consumption matters through the weights in
equation (23).
Consider two equilibria, EY and &1, with the same welfare weights. Define their

welfare difference and its consumption-equivalent representation by

AW, (EY, %) = W, (E) — W, (E9),
AWn(51,50)> B 1} (25)

CEL(EL,EY) =100 {exp <
Oy

The consumption equivalent is the uniform percentage change in real consumption at

every date along £ that gives the household the same welfare change as moving to £1. It
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expresses a lifetime welfare difference in units that are comparable across countries and
equilibrium paths.

To attribute the welfare difference to its economic sources, let {€({) : € [0,1]} be a
smooth path of equilibria connecting £° and £?, with the welfare weights held fixed. The

fundamental theorem of calculus gives

dlog C;\,(£(2))
g

1 o0

AW, (€1, €0 = / Y @y dc. (26)
0 =0

The total is determined by the endpoint equilibria, although the contribution assigned

to an individual component can depend on the connecting path. A local decomposition

separates the change in real consumption into productivity, terms of trade, profit shifting,

trade barriers, international bond payments, installed capital, and investment.

3.8 Welfare Decomposition

The household budget, expenditure function, firm profits, and cost-minimization con-
ditions jointly determine the local change in real consumption. We decompose this
change into productivity, terms of trade, profit shifting, trade barriers, and intertemporal
components. We use 0 and d to index an origin and a destination, and Appendix A.7.5

provides the derivation.

3.8.1 Terms of Trade

Let dWE/‘;T denote country n’s nominal terms-of-trade contribution at date ¢. Let ﬁz)t =

ptjmc{)/t be the producer price before trade costs. The price paid in destination d is
pjo it = Té it ﬁ]o,t' The fixed sectoral markup implies that the percentage change in fJ]O,t

equals the percentage change in marginal cost. The terms-of-trade contribution is therefore
ToT _ j /
aw,g =Y ) X, 4 dlog mc{u
JET d#n

=2 ) Xop,dlogmey,.
JET o#n

(27)

The first line values changes in the prices received on country n’s exports at the quantities
exported. The second values changes in the prices paid for its imports at the quantities
imported. These contributions sum to zero across countries when expressed in common

nominal units.
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3.8.2 Profit Shifting

Let ¢/ = 1 — 1/ denote the share of sector-j revenue received as operating profits. Profits

of sector-j producers in country o are

I, = ¢ dZN X (28)
€

Let dWH’j denote the profit-shifting contribution. Following Ossa (2014), it isolates the
change in profits associated with changes in sales by subtractmg the profit change caused

by the change in the producer price. Since dlog pot = dlogmc) ,, this subtraction can be

o,/

written using marginal cost:

dWor,It’j = dH{,/t - H{),t dlog mcj

=0 ) [dXZ),d,t Odtdlogmc
deN

(29)

Operating profits received by country o’s household arise from sales to every destination,
all of which enter equation (29). A rise in sales at home or abroad can therefore raise
profit income even when the producer’s marginal cost falls.

Using Xﬂ if = pﬁl d,tqu, 4 and p{)’ it = Tg’ d’tﬁé,t, equation (29) is equivalently
'] — j j
AWe = o dZN [pol 0+ XD dlog T (30)
S

The change in ﬁZ),t is common across destinations. Price changes caused by destination-
specific trade barriers remain in the second term and combine with the resources required
for international delivery in equation (32). When trade barriers remain fixed, each addi-
tional unit sold contributes its price-cost margin to the producer’s profits. Equation (30)
sums this contribution across domestic and foreign sales.

Summing equation (30) across origins and sectors when trade barriers are fixed gives

> ) dWor,It/j =2 ) ) (Pé,d,t _Tg,d,tmcé,t> dqi,d,t' (31)

0eN jeJ oeN jeJ deN

j

The price is the buyer’s marginal value of an additional unit, and Tg 4 /MC,

is its marginal
resource cost. The right-hand side therefore values each quantity change at its price-cost

gap, the first-order reallocation term in measures of allocative efficiency (Holmes et al.,
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2014; Baqaee and Farhi, 2020). When the markup is common across activities, a positive
value reflects an expansion in quantities that the markup restricts. Differences in markups
add a second force because production can move between activities with different price-
cost gaps. The country terms assign profit income to the origin country’s household and

therefore show how the gains are distributed across countries.

3.8.3 Trade Barriers

A change in a trade barrier changes the resources required to receive an imported good.

Let dWV, , denote this direct contribution to country n:

dW;/f = - Z Z XZ),n,t dlog Tg,n,t' (32)
jE€ET 0#n

Equation (32) is positive when a reduction in the trade barrier lowers the resources
required for delivery.
3.8.4 Common Markup and Markup Dispersion

Define the initial revenue-weighted profit shareas 0 =}, ; o/ qu,o/ Yo, R]n,O' Profit shifting
separates into a common-markup component and a component due to differences in

markups across sectors:

gWllommon — 5§~y [dxi’d’t - qu’d’tdlogmcf;lt} /

y:
! jeJ deN (33)
dyylLdispersion _ Z (Qf — Q_> Z [de -x dlogmcj } .
n,t n,d,t n,d,t n,t
jeJ deN

The two expressions sum to country n’s profit-shifting contribution. The first evaluates
changes in production at a common profit share. Under fixed trade barriers, the second
isolates the part of equation (31) generated by reallocation across sectors with different

markups.
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3.8.5 Productivity

Let dWAt denote the reduction in variable cost generated by higher productivity. Since

Vr]l,t = RL,t /W is variable cost, this contribution is

AWk =Y V) dlog Al . (34)
jeJ

3.8.6 Intertemporal Components

Let dWE, tr dW,ft, and dWélt denote, respectively, the contributions from net international
bond payments, installed capital, and the resources used for investment and capital

adjustment.
det = d (RtBut — But+1),

K,
n t - 2 r ]dKiz t’
jeJ (35)

AW, = lZ <IZz,t +X{1,t>] :
=
The bond term is the change in net receipts from international bond positions. The
capital term values a change in installed capital at its rental rate, while the investment
term records the final goods used for investment and capital adjustment.
Substituting these components into the differentiated household budget gives the local

welfare identity

1 1
dlog Cnt = ptT [dwﬁt + dWTOT + dW}l;[t,common + dWH ,dispersion
n,0%n,t
' (36)
1
o AW AVE AW -
Pnrtcl’l,t

W},
Cff’t '

Multiplying each contribution by the welfare weights and integrating along the path in
equation (26) gives the finite-change decomposition. Each contribution is expressed in

consumption-equivalent percentage points, the same units as total welfare.
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4 Quantification

4.1 Data and Aggregation

The World Input-Output Database provides the bilateral and sectoral accounts needed
to construct the model’s initial allocation in 2000 and its observed paths through 2014
(Timmer et al., 2015). We aggregate the data into five economies: the United States, China,
India, the European Union, and the rest of the world. Appendix Table A.11 reports the
country mapping.

We aggregate industries into eight sectors: agriculture, mining and utilities, three
manufacturing groups, and three service and construction groups. This aggregation
preserves differences in trade exposure, input use, capital intensity, and markups that are
central to the quantitative analysis. Appendix Table A.12 provides the complete industry
mapping.

The input-output tables provide bilateral intermediate and final expenditure, gross
output, value added, consumption, and investment. The Socio-Economic Accounts
provide employment, factor compensation, capital stocks, and sectoral output price
indices. We obtain depreciation rates from the Penn World Table and observed net
external positions from the External Wealth of Nations database (Feenstra et al., 2015;
Lane and Milesi-Ferretti, 2018). Trade balances and investment shares are constructed

from the same aggregated accounts as the model.

4.2 Parameters and Initial Conditions

The input-output accounts for 2000 determine initial final-expenditure shares,
intermediate-input shares, production cost shares, and bilateral trade shares. Initial
bilateral expenditures also determine the Armington weights that reproduce observed
domestic and foreign sourcing. Labor and capital shares are constructed from factor
payments after removing the operating profits implied by the sectoral markups. The
annual discount factor is 0.98, while trade elasticities and depreciation rates come from
external estimates.

The Socio-Economic Accounts for 2000 provide capital and investment, which we
allocate across sectors using capital payments net of operating profits. We use observed
net external positions from the External Wealth of Nations database to initialize the
model’s international bond positions (Lane and Milesi-Ferretti, 2018), and choose the rest

of the world’s bond position to clear the global bond market. The initial allocation is not
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restricted to be a steady state. Appendix A.3 reports the complete parameter mapping

and construction of the baseline accounts.

4.3 Trade Elasticities and Implied Markups

We set the long-run trade elasticities &/ = ¢/ — 1 using external estimates (Caliendo
and Parro, 2015). Agriculture uses the estimate 9.11. The value 7.10 is the observation-
weighted average of the estimates for the manufacturing industries in our three manufac-
turing aggregates. We assign the aggregate estimate 4.49 to services and construction.
Mining and utilities use 9.11 because the data do not provide separate estimates for those

industries.'® The pricing condition #/ = 1+ 1/6/ then gives the markups in Table 1.

Table 1: Trade Elasticities and Sectoral Markups

Sector group Trade elasticity 6/ Markup p/
Agriculture; mining and utilities 9.11 1.110
Manufacturing 7.10 1.141
Services and construction 4.49 1.223
Common markup (same aggregate profit share) 1.188

The common-markup comparison removes sectoral markup dispersion while preserv-
ing the baseline aggregate profit share. Perfect competition sets every markup to one
and removes both the aggregate markup wedge and its dispersion. Both comparisons
hold demand elasticities fixed, which isolates the welfare effects of the markup level and
its sectoral heterogeneity. A separate sensitivity scales price-cost wedges around their
baseline-revenue-weighted mean while preserving that mean, allowing markup disper-
sion to vary without changing demand responses. Appendix A.3 reports the construction

of the common markup, and Appendix Table A.8 reports the sensitivity.

4.4 Productivity and Trade Barriers

Observed prices, input costs, and trade shares allow us to infer annual changes in
productivity and bilateral trade barriers. We use exact-hat identities, which express these
changes relative to the allocation in 2000 (Eaton and Kortum, 2002; Arkolakis et al., 2012;
Costinot and Rodriguez-Clare, 2014; Caliendo and Parro, 2015). For any variable x, let

13Assigning the aggregate elasticity to services and the agriculture elasticity to mining and utilities are
maintained aggregation assumptions. Section 5 reports comparisons that separate the common markup
from sectoral markup dispersion.
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Xy = Xt/ x2000- With domestic trade barriers normalized to one, changes in domestic
expenditure shares identify marginal-cost changes relative to the sectoral price index.
The input-cost index combines changes in labor compensation per worker, capital
compensation per unit of capital, and intermediate-input prices using the production cost
shares. Denote the first two changes by Z’Ogita’j and ?Sita’j . Substituting these input prices
and the domestic-share marginal cost into equation (12) yields
.k

) ~data,j dl ~data,j KZT s \“n
)1/(0’1) <wn,t ) (rn,t ) [Tkes <Pn,t>

= (37)
P n,t

A (A
An,t - (nn,n,t
Productivity is the residual change in efficiency needed to reconcile observed marginal
costs with observed input prices under the calibrated production structure. Appendix A.3
describes the underlying price series and cells with a zero capital share.

Relative foreign and domestic expenditure shares identify bilateral trade barriers. For

origin m, destination n, and sector j,

_j /(=) __;
; s mc
=/ _ m,n,t n,t
Tt = <Aj ) — (38)
nn,n,t mcm,t

The normalization sets 7’

ant — 1. The inferred bilateral path measures changes in policy

and nonpolicy trade barriers relative to each destination’s domestic sourcing option.

We express productivity relative to a world productivity index, defined as the geo-
metric mean of productivity across countries and sectors weighted by gross output in
2000. A value above one means that productivity in a country and sector grows faster
than the world index, while a value below one means that it grows more slowly. The
common normalization preserves relative productivity paths, allocations, and welfare
comparisons.

Along the reference path, productivity in every country and sector grows at the world
rate, and bilateral trade barriers remain at their levels in 2000. The reported welfare
effects compare the paths of productivity and trade barriers inferred from annual data
over 2000-2014 with this reference path. A negative value indicates lower welfare than
the reference path and can occur even when welfare rises in absolute terms from its level
in 2000. Appendix Figures A.2-A .4 report the inferred paths and their continuation after
2014.
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4.5 Capital Adjustment Costs and Intertemporal Preference Wedges

We estimate one adjustment-cost curvature ¢, for each economy and recover a sequence
of intertemporal preference wedges ¢, ; jointly using the simulated method of moments
(SMM). The estimation uses the model with one sectorally mobile domestic capital stock
and minimizes weighted squared deviations between model-generated and observed
moments.

The moment vector contains the annual trade-balance-to-GDP ratios for the four sepa-
rately modeled economies and the standard deviation of the investment-to-GDP ratio for
each economy over 2000-2014. The trade-balance moments identify the wedge sequences,
while the investment-volatility moments identify the adjustment-cost curvatures. Global

market clearing determines the rest of the world’s trade balance.!*

Table 2: Depreciation and Capital Adjustment Costs

Economy Depreciation §, Curvature ¢,
United States 0.040 2.459
China 0.055 0.877
India 0.050 1.684
European Union 0.039 7.472
Rest of World 0.044 7.455

The sector-specific capital model applies each country’s estimated curvature ¢, to all
active sectors. A lower curvature permits investment to respond more quickly, while a
higher curvature spreads adjustment over more dates. Appendix Figure A.1 reports the
tit of the trade-balance paths, and Appendix A.3 reports the SMM objective, weighting

matrix, and remaining fit statistics.

4.6 Continuation and Reference Paths

The welfare calculation requires productivity and trade barriers after 2014. We project their
growth rates with autoregressive processes until productivity and trade barriers converge
to constant values. The equilibrium then converges to the stationary allocation associated
with those values. Appendix A.3 describes the continuation rules, and Appendix A.7

reports the terminal and equilibrium checks.

4Only relative intertemporal wedges are identified, so we impose ¥, &+ = 0 at each date. Appendix A.3
reports the weighting matrix.
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The allocation in 2000 is not a steady state, so the inferred and reference paths begin
from the same initial capital stocks and international bond positions. Their welfare
difference isolates the effects of changes in productivity and trade barriers from the

adjustment generated by the initial conditions.

5 Quantitative Analysis

5.1 Welfare Effects of Changes over 2000-2014

We first compare welfare under the paths of productivity and trade barriers inferred
over 20002014 with welfare under the reference path. We then examine productivity
and trade barriers separately and trace how capital accumulation and international bond

positions transmit these changes over time.

Table 3: Welfare from Changes in Productivity and Trade Barriers over 2000-2014

Panel A. Consumption-equivalent percentage points

Terms of Profit Trade Bond, capital,
Economy Total Productivity trade shifting barriers and investment
United States -4.164 -7.853 2.567 -1.451 2.682 -0.110
China 156.087 81.245 -6.562 69.996 9.863 1.546
India -26.790 -27.388 12.356 -8.011 -3.693 -0.054
European Union 0.557 -1.456 -2.036 -0.379 4.584 -0.157
Rest of the world 21.196 22.108 -0.148 5.844 -6.631 0.023
Panel B. Percent of total welfare
United States 100.0 188.6 -61.6 34.8 -64.4 2.6
China 100.0 52.1 -4.2 44.8 6.3 1.0
India 100.0 102.2 -46.1 29.9 13.8 0.2
European Union — — — — — —
Rest of the world 100.0 104.3 -0.7 27.6 -31.3 0.1

Notes: Welfare is measured relative to a reference path that assigns world-average productivity growth to
every country and sector and holds bilateral trade barriers at their levels in 2000. Bond, capital, and
investment sum net international bond payments, changes in installed capital valued at rental rates, and
the resources used for investment and capital adjustment. Ratios are not reported for the European Union
because its total welfare effect is close to zero relative to the offsetting components.

Table 3 shows that China has the largest welfare gain relative to the reference path.
Productivity is the largest component, but profit shifting is nearly as important. Lower
trade barriers contribute positively, while the deterioration in China’s terms of trade
offsets part of these gains.

The large profit-shifting contribution reflects an expansion of Chinese production at

positive markup wedges. Higher sales at home and abroad raise the profits received
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by Chinese households, while lower export prices transfer part of the benefit to foreign
consumers through the terms of trade. The decomposition therefore separates the increase
in production from the distribution of its benefits across countries.

The cross-country differences reinforce this interpretation. Economies that contract
relative to the reference path lose profit income, while terms-of-trade movements redis-
tribute some of those gains and losses across countries. Dynamic adjustment therefore

changes both total profit income and its distribution across countries.

5.2 Dynamic versus Static Welfare

The dynamic model allows sector-specific investment, gradual capital adjustment, and
international borrowing and lending. The static model has no intertemporal investment
or international bond and allocates a fixed domestic capital stock across sectors within
each period. The welfare difference between the two models captures the combined effect

of these features.
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Table 4: Welfare Effects in the Dynamic and Static Models, 2000-2014

Consumption-equivalent percent Percentage points
Economy Dynamic Static Difference
United States -4.164 -4.883 0.719
China 156.087 106.641 49.446
India -26.790 -23.511 -3.280
European Union 0.557 0.141 0.416
Rest of the world 21.196 18.008 3.189

Components of the difference between the dynamic and static models, consumption-equivalent percentage points

Terms of Profit  Trade Bond, capital,
Economy Total Productivity trade  shifting barriers and investment
United States 0.719 -0.073 0253  0.421 0.225 -0.107
China 49.446 13.163 0.605  32.445 1.086 2.147
India -3.280 -4.887 5794  -3.040 -1.100 -0.047
European Union  0.416 0.597 -0.625  0.152 0.450 -0.157
Rest of the world ~ 3.189 4.103 -0.016 0407 -1.331 0.025

Components as a percent of the difference between the dynamic and static models

Terms of Profit Trade Bond, capital,
Economy Total Productivity trade shifting barriers and investment
United States 100.0 -10.1 35.2 58.6 31.2 -14.9
China 100.0 26.6 12 65.6 22 4.3
India 100.0 149.0 -176.7 92.7 33.5 1.4
European Union — — — — — —
Rest of the world 100.0 128.7 -0.5 12.8 -41.7 0.8

Notes: The difference is the welfare effect in the dynamic model minus the welfare effect in the static
model. Bond, capital, and investment sum net international bond payments, changes in installed capital
valued at rental rates, and the resources used for investment and capital adjustment. Ratios are not
reported for the European Union because its difference is small relative to the offsetting components.

Table 4 shows that the dynamic model substantially raises China’s welfare gain relative
to the static model. The difference is also positive for most other economies, although its
size and decomposition vary across economies.

For China, profit shifting accounts for 65.6 percent of the difference between the
dynamic and static models, while the bond, capital, and investment components together
account for 4.3 percent. Capital accumulation raises future consumption, but the resources
used for investment offset most of that direct gain. Investment instead changes the paths
of capital and production, lowers costs, and raises sales at positive markup wedges.

This finding identifies the question for the remaining analysis. The key issue is not
simply that households can move consumption across dates, but how capital accumula-
tion changes production and how access to the international bond determines whether

additional saving finances domestic investment or net international lending.
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5.3 Counterfactual Changes in Trade Barriers and Productivity

The changes inferred over 2000-2014 vary across countries and sectors. Counterfactual
changes in trade barriers and productivity clarify how each source of change affects

production and welfare.

Table 5: Counterfactual Reduction in Manufacturing Trade Barriers

Consumption-equivalent percentage points Percent of total welfare
Terms of Profit Trade Profit Trade
Economy Total trade shifting barriers shifting barriers
Panel A. Permanent reduction
United States 1.450 -0.042 0.301 1.193 20.7 82.3
China 3.921 -0.036 1.394 2.565 35.5 65.4
India 1.640 -0.003 0.374 1.271 22.8 77.5
European Union 1.338 0.045 0.280 1.015 20.9 75.8
Rest of the world 1.948 0.007 0.485 1.457 249 74.8
Panel B. Ten-year reduction
United States 0.274 -0.006 0.064 0.215 23.4 787
China 0.723 -0.004 0.279 0.452 38.5 62.6
India 0.357 -0.003 0.093 0.271 26.0 76.0
European Union 0.246 0.004 0.052 0.190 21.2 773
Rest of the world 0.349 0.003 0.089 0.256 25.6 73.5

Notes: Manufacturing trade barriers fall by 10 percent for every international origin-destination pair. The
permanent reduction remains in place, while the temporary reduction lasts ten years. Small differences
between the total and the displayed components reflect international bond payments, changes in installed
capital valued at rental rates, and the resources used for investment and capital adjustment.

Table 5 reports the welfare effects of a multilateral reduction in manufacturing trade
barriers. The direct contribution of lower trade barriers is the largest source of welfare
gains because lower barriers reduce the resources required to deliver traded goods. Profit
shifting is the second-largest contribution: lower barriers expand trade and production,
raising sales at positive markup wedges. The multilateral change produces comparatively
small terms-of-trade effects.

Unlike a reduction in trade barriers, the increase in productivity does not reduce the
resources required to deliver traded goods. Higher Chinese productivity lowers marginal
cost and shifts production and profits toward China, but it also lowers the price received

by Chinese exporters relative to the price paid for imports.
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Table 6: Counterfactual Increase in Chinese Manufacturing Productivity

Dynamic model, consumption-equivalent percentage points Percentage points
Terms of Profit
Economy Total Productivity trade shifting Difference
Panel A. Permanent increase
United States 0.008 0.000 0.009 -0.001 0.000
China 6.142 3.922 -0.401 2.622 1.115
India -0.008 0.000 0.000 -0.006 0.005
European Union  0.008 0.000 0.007 0.001 0.000
Rest of the world  0.034 0.000 0.028 0.006 0.004
Panel B. Ten-year increase
United States 0.003 0.000 0.002 0.001 0.002
China 1.049 0.719 -0.078 0.424 0.132
India 0.005 0.000 0.004 0.002 0.007
European Union  0.003 0.000 0.002 0.001 0.001
Rest of the world  0.009 0.000 0.005 0.002 0.003

Notes: Productivity in China’s light and consumer manufacturing sector rises by 10 percent. The
permanent increase remains in place, while the temporary increase lasts ten years. Difference is the welfare
effect in the dynamic model minus the welfare effect in the static model.

Table 6 shows this tradeoff for an increase in productivity in China’s light and con-
sumer manufacturing sector. Productivity and profit shifting raise China’s welfare, while
its terms of trade deteriorate. Profit shifting remains important under both permanent
and temporary increases because higher productivity expands Chinese production at a
positive average markup wedge.

The split between the common markup and markup dispersion components is infor-
mative. The common positive wedge accounts for more than the total contribution from
profit shifting, while sectoral markup differences partially offset it. Markup dispersion
is therefore not sufficient to predict the welfare contribution; what matters is whether

production expands in the sectors with larger wedges.

5.4 Capital Accumulation, Markups, and Dynamic Adjustment

The ten-year increase in productivity shows how capital and international bond positions
transmit a temporary change in productivity into later production and consumption. It
also distinguishes the effect of a common markup on aggregate production from the
effect of markup differences on the allocation of production across sectors. Figure 1 traces

the state variables and their welfare implications.
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Figure 1: Adjustment after a Temporary Increase in Productivity in China
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Notes: Productivity in China’s light and consumer manufacturing sector is 10 percent above its
reference path in years 1-10 and returns to that path at the dotted line. Panels (a) and (b) report
percentage differences from the reference path. Panel (c) reports cumulative contributions in
consumption-equivalent percentage points. Panel (d) reports cumulative shares of the welfare effect
over the full transition.

Panels (a) and (b) show the persistence of capital and production. When productivity
returns to its initial path, capital in the affected sector remains 11.0 percent above its
reference level, output remains 2.6 percent higher, and the export quantity remains 5.8
percent higher. The capital deviation has a four-year half-life and remains 0.9 percent ten
years later. This comparative advantage is transitional: as productivity normalizes, excess
capital lowers its own return, investment recedes, and the sector moves back toward its
stationary allocation.

Panel (c) shows how this persistence carries the terms-of-trade and profit-shifting
contributions forward. During the increase in productivity, capital accumulation expands
Chinese production and shifts profits toward China. After productivity returns, inherited
capital continues to lower Chinese marginal cost. China’s terms of trade remain below
their reference path, while profit shifting remains positive until capital and expenditure

have adjusted.
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Table 7: Sources of China’s Welfare Difference between the Dynamic and Static Models

Permanent increase Ten-year increase

Comparison Total welfare  Profit shifting  Total welfare  Profit shifting
Dynamic model minus static model 1.115 0.862 0.132 0.101
Aggregate capital accumulation 1.054 0.801 0.242 0.207
Sector-specific capital 0.018 0.017 0.015 0.014
International bond access 0.044 0.045 —0.125 —0.120
Without capital adjustment costs

Aggregate capital accumulation 1.045 0.810 0.251 0.222
Sector-specific capital 0.004 0.004 0.004 0.003
International bond access 0.077 0.076 —0.135 —0.115

Notes: Entries are consumption-equivalent percentage-point differences for China. The static model fixes
aggregate capital, allows capital to move across sectors within each period, and imposes financial autarky.
Aggregate capital accumulation compares the dynamic model with sectorally mobile capital under
financial autarky with the static model. Sector-specific capital compares sector-specific with sectorally
mobile capital under financial autarky. International bond access compares sector-specific capital with and
without the bond. The three baseline rows sum to the full difference up to rounding. The final three rows
repeat the sequential comparisons with zero capital adjustment costs.

Table 7 identifies the sources of the difference between the dynamic and static models.
Aggregate capital accumulation is the dominant force: allowing the total capital stock to
respond accounts for nearly all of the difference under the permanent increase and more
than the full difference under the temporary increase before the offsetting effect of the
international bond. Profit shifting follows the same pattern because a larger capital stock
expands sales at positive markup wedges.

Sector-specific capital contributes much less to lifetime welfare than aggregate accu-
mulation, but it determines which sectors accumulate capital and therefore how long
the affected sector continues to expand after productivity returns to its reference path.
Removing adjustment costs changes the speed of this transition without changing the
relative importance of the mechanisms.

International bond access has opposite effects across the two productivity paths. It
offsets part of the difference under the temporary increase because China undertakes
net international lending, but it reinforces the difference under the permanent increase
by allowing investment to exceed domestic saving. This contrast connects the model
comparison in Table 7 to the saving and investment paths behind it.

International borrowing and lending change both the allocation of saving and the
timing of consumption. During the temporary increase, China’s additional saving exceeds
its additional domestic investment. China uses the difference for net international lending,

which produces a trade surplus and increases its international bond holdings. Financial
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autarky keeps this saving at home, producing a larger domestic capital response but less
scope to smooth consumption internationally.

The permanent increase reverses this response. Newly installed capital continues
to operate with higher productivity, so desired investment rises above domestic saving.
China borrows through a trade deficit, and financial openness finances capital accumu-
lation beyond domestic saving. Trade imbalances therefore show whether the increase
in productivity leads to net international lending or international borrowing to finance
domestic investment.

This allocation also explains the timing in Figure 1. Interest receipts on China’s
international bond holdings and later reductions in its bond position support consumption
after the temporary increase in productivity ends, even as capital in the affected sector
gradually returns to its reference path. Financial autarky instead concentrates more of
the welfare effect during the period of higher productivity by tying saving to domestic
investment.

The two-period problem in Appendix A.1.9 shows why the response depends on
persistence. The bond position equals desired saving minus domestic investment: higher
current income raises saving, while higher future productivity raises the value of newly
installed capital and desired investment. Investment becomes productive with a lag, so a
more persistent increase in productivity raises desired investment by more.

The additional duration and magnitude exercises in Appendix A.4 confirm this
distinction. Scaling a temporary increase changes the strength but not the direction of
the bond response over the range considered, whereas making the increase permanent
changes lending into borrowing. The model does not imply a general cutoff based on the
size of a temporary increase alone because investment adjusts until its return is aligned

with the bond return.

5.5 Markups, Financial Openness, and Welfare

Whether China lends or borrows is not determined by markups: temporary lending
and permanent borrowing also occur under perfect competition. Markups determine
the welfare consequences. When financial autarky redirects saving toward domestic
capital after a temporary increase in productivity, the additional production raises welfare
because price exceeds marginal resource cost.

Comparing the welfare effect of the increase in productivity across financial regimes

does not reveal which regime leaves China better off because each effect is measured
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relative to its own reference path. Table 8 instead gives every economy the same zero
initial international bond position in both regimes and directly compares the resulting

welfare levels.

Table 8: Welfare Levels under Financial Autarky and Openness

Markup regime Reference path Ten-year increase Permanent increase
Panel A: China

Heterogeneous markups -0.012 0.112 -0.058
Common markup 0.060 0.182 0.015
Perfect competition -0.226 -0.142 -0.259
Panel B: Consumption-weighted world

Heterogeneous markups -0.008 -0.006 -0.009
Common markup -0.006 -0.004 -0.007
Perfect competition -0.018 -0.016 -0.019

Notes: Entries are financial autarky minus financial openness in consumption-equivalent percent. Every
economy starts with a zero international bond position in both financial regimes. The world statistic uses
baseline consumption weights.

With positive markups, China has higher welfare under autarky after the ten-year in-
crease in productivity. Autarky keeps more saving in domestic capital, and the additional
production is valuable because markups otherwise restrict output. Under perfect compe-
tition, this benefit disappears and openness leaves China better off through consumption
smoothing and investment financing. The result with a common markup shows that a
positive average wedge is sufficient; sectoral markup dispersion is not required.

Sectoral dispersion matters through the alignment between markup wedges and
changes in production. Wider markup differences amplify profit shifting when production
expands relatively more in high-wedge sectors. In the counterfactual considered here,
production instead expands in sectors whose wedges do not rise, so greater dispersion
weakens the contribution.

Although China has higher welfare under financial autarky with positive markups,
this result does not imply that financial autarky raises world welfare. Part of China’s
gain reflects profit income received by Chinese households and changes in the terms
of trade, while consumption-weighted world welfare remains higher under openness.
Appendix A.4 reports the supporting comparisons across countries and markup specifica-

tions.
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6 Conclusion

This paper studies how markups affect welfare when capital and international bond
positions adjust to changes in productivity and trade barriers. The quantitative analysis
shows that dynamic adjustment matters because capital accumulation changes the capital
stock, future production, and profit income, not simply the timing of consumption.
Aggregate capital accumulation accounts for most of the difference between the dynamic
and static models, while sector-specific capital determines which sectors accumulate
capital and prolongs the effects of temporary changes. Markups make these production
responses important for welfare because expanding sales also changes the profits received
by households.

Access to the international bond dampens domestic capital accumulation when tem-
porary income gains lead to net international lending, but supports it when persistent
productivity improvements lead countries to borrow for domestic investment. The result-
ing trade imbalances show whether a country uses additional saving for net international
lending or borrows internationally to finance domestic investment. Markups determine
the welfare consequences for each country, but a gain for one country does not imply
a gain in consumption-weighted world welfare. Future research could study optimal
financial openness with additional financial instruments and borrowing frictions and
allow markups, entry, innovation, or learning to generate lasting changes in comparative

advantage.
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A Appendix

A1 Stylized Model: Derivations

We first derive the household and firm optimality conditions, the welfare decomposition,
and the local equilibrium responses used throughout the appendix. We then establish
the capital response to an anticipated productivity increase and use these results to
prove Proposition 1 and Corollary 1. The final subsection derives saving and investment
responses in a two-period model. Comparative statics are local to the symmetric balanced-

trade allocation, with relative expenditure endogenous unless explicitly held fixed.

A.1.1 Demand and Prices

We suppress date indices for within-period problems. Denote country m’s final-good
requirement by F,, = Cy, + i}, and its sector-j input by F},. For ¢ > 1, the sectoral
aggregation function is Gl,(q) = [, WL (§hm) 71797/ (@=1), The household solves

min Y phudhn st Gh(q) > Fh. (A1)
{q{mz}n n

Denote the multiplier by V. The Lagrangian is ch, = Yo p{imq{im +9, [F,]n - G{n(q)] Dif-
ferentiating the aggregator, 9G}, /qh, = [/ (0 — 1)](G))Y 7wl [(c —1)/o](q )—1/0 =

wind (Gh/ %m)l/ 7. Positive prices imply G}, = F}, at the optimum, s0 L}, /g, = 0

requlres Phm = ’ymw%‘T(F] / qnm)l/ 7. Raising both sides to ¢ and multiplying by qnm,

. i N7
%m = Wnm (’);_m> F,]ﬂ. (A.2)
Pum

To determine 7{;1, insert this demand into the binding constraint. Raising the constraint to
(0 — 1) /0 first makes the substitution explicit:

: o ((7—1)/0'
(El, Zwl/‘f w ﬁ F
nm ] m

pnm
= ()" YED VY i (Phon) (A.3)
n
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Divide by (F,]q.f,)(”_l)/” > 0 to obtain 1 = ('y{n)”_1 Y. wnm(pzm)l_“. Solving for the

multiplier,

1/(1-0) .
] =Pl. (A.4)

’)’in = [Z Wnm (P]nm)l_g

At these quantities, expenditure is ), p{amq{im = (’y{ﬂ)‘TF,L Y W ( p{im)l_” =
(’y%)"P,L(’y{'n)l’” = PZ;P,L. Hence P,]% is the sectoral unit expenditure.

Next, denote the final-good aggregator by G, (F) = ]_[]-(F,],;/ @/)?, with ¢/ > 0 and
a' + a* = 1. The household allocates expenditure across sectors by solving

min Y PLF), st. Gu(F) > F. (A.5)
{Fh};

With multiplier 7, the Lagrangian is L, = }; PLE) + Y [Fm — Gu(F)]. Since
90G,/9F, = alG,/E, the binding constraint and first-order condition im-
ply 0 = P,]% — ’ymaij / F,],;, or F,]q; /& = YmFEn/ P,],;. Substituting into the con-
straint, F,, = Hj(fymFm / P,];i)“j. Factor out the common term and use Y ad = 1:
F, = ('ymFm)Zf o H]-(P,i;)_“j = YmFn Hj(P,];i)_“j. Dividing by F,, > 0 and solving,

ym = [T(Ph)" = Py (A.6)

]

Multiplying each first-order condition by F,L, P,]1‘1F,]1'1 = Ym@ Fy,. Summing across sectors,
total expenditure is E;; = Zj PLF, = YmFm E]- al = P,F,, so P,F, = dE,,. Substituting
El, = d/E,,/ P}, into variety demand,

i [ i 1-c
. . . . p] JE ] .
Xl = Pizm‘#zm = pizmwnm ]—m = W pn.m a'Ey,. (A.7)
pum)  Ph P,
Mo

The shares sum to one because ), A{qm = (P,];q)a’1 Y wnm(p{qm)l’” = (P%)"’l(P%)l"T =
1.

We will also use the price derivatives in the welfare decomposition and the equilibrium
responses. Differentiating (P,];)l’a =Y. wmn(p{nn)l’a gives (1 —0) (P,];)l’gd log P, =
(1—0) Y, Wnn( p{,m)l_‘fd log p{nn. Dividing by (1 — o) (P,];)l_” and using the expenditure
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shares, d log PZ; =Y )tzmd log p{m. Since dlog Py =} a/dlog P,];,
S , - dy , ,
Endlog Py = ¥ aEyAy,dlog ph = Zx{m@ = Y Ghn AP (A.8)
jm jom Pmn — jm

A.1.2 Production and Firm Pricing

A sector-1 firm with « € (0,1) takes factor prices as given and chooses capital and labor

to produce y... Its cost-minimization problem is

11(1112} rikl 4wl st ALK >yl (A9)
Denote the multiplier by v,. The Lagrangian is £} = rikl + w,ll + v,[yl —

AL(kL)*(€1)1=%]. At an interior optimum, the constraint binds, and the first-order
conditions are 0 = r}, — vyayl/kl and 0 = w, — v, (1 — a)yL/¢L. Solving for inputs,

kl = avyyl /rl and £} = (1 — a)v,yl /wy. Insert both expressions into production:

1—
Al (y) & “

rl Wy
“ 1 1—a
— Alvay} <ﬁ) ( ) . A10
nVUnYn 7’711 w, ( )
Dividing by y} > 0,1 = Alv,(a/r})*[(1 — &) /wy,]'~*. Solving for the multiplier,
1 PN e N
Uy = A_}/l (E) (1 — = mg,,. (All)

Minimized cost is V! = rikl + w, 0} = [ + (1 — a)]v,yl = mclyl. The two first-order

conditions, therefore, become
rikl = amclyl = aV), wylh = (1 —a)mciyl = (1—a)V}. (A.12)

In sector 2, the firm solves min, w2 subject to £2 > y2. Its Lagrangian is w, /2 +
v2(y2 — %), with conditions w;,, — v2 = 0 and v2(y2 — £2) = 0. Since w,, > 0, v2 = w;, > 0
and /2 = y2. Thus mc? = 9(w,y?)/dy3 = w,.

Under monopolistic competition, sector-1 firms take aggregate expenditure and price

indices as given. Denote B, = wpum (P})7F}. The firm chooses destination prices and
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quantities to solve

max Z(p}ﬂn - mc1l1)q}1m s.t. q}lm = Bilim(p}ﬂn)igr m e {h/f} (A.13)

{p}lmzq}zm}m m
Substituting demand into destination-m profit, I1.L,(pL,) = Bhul(Phm)' ™ —
mc)(pl,,)~?]. Differentiate with respect to its price and factor out the positive

term By, (pyy) 7

oIt .
OPm

= Bl (1= 0) (pam) ™7 + omey (pr) ™7
= Bgzm(pim)_a_l[amcgz - (U - 1)p}zm] (A'14)

The first-order condition requires omc), — (¢ — 1)p},, = 0. Hence the optimal price is

(2
p;m = UTl/mCEZ (A.15)
ul

The derivative is positive below this price and negative above it. Perfect competition in
sector 2 requires p2,, = mc2 = wy,.
Denote revenue by R, = Yo p%mq]nm. Goods-market clearing implies y@ =Y q{qm, SO

Rl =y, u'mclgl, = u'mclyl = u'V!. Subtracting variable cost from revenue,

R} 1
I, =R, — —2 = <1 - —1> RL. (A.16)
Z W
N—_——
Ql

In sector 2, R2 = w, ¥, 42, = wnl? = V2. Consequently, I12 = R% — V2 = 0.

A.1.3 Household Optimality Conditions

The household owns domestic capital and firms and takes prices and distributed profits
as given. Denote income by Y, ; = wy,+L, + r}i/tk#t + H}Lt. Given ki,o and zero initial

bonds, it solves the following problem with g > 0,0 < ¢ < 1, and positive consumption

39



and capital:

2
max Z B'log Cp

{Cut}icosino buasbup +20
st. Put(Cuy + i}u) + Qtbyti1 = Ynr +bny, t€{0,1},
Pn,ZCn,Z - Yn,Z + bn,Z/
Ko=01-0kly+i, ki,=(1—-0dk}
n,1 n,0 n,07 n,2 n,1s
il =il =0,  byo=>bys=0. (A.17)

First impose the capital laws in future income: Y, 1 = wy,1Ln + 15,1 [(1=8)k}, o +1if, o] + 1T},
and Y, 2 = wy oLy + (1= 8)r} ,[(1 = &)k}, o + i, o] + I, ,. Their investment derivatives are
dYy,1/0iy g = 1,1 and Y, 2/9iy, o = (1 — 6)r;, ,. Denoting the budget multipliers by Ay,

the Lagrangian is

2

1
Ly = Z ,Bt log Cp, ¢ + Z ney: [Yn,t + by — Pn,t(cn,t + i1lq,t) - thn,t—l—l]
t=0 t=0

+ N2 [Yno + byo — Py oChol. (A.18)

The consumption derivative is 9L, /9Cp; = B'/Cut — AptPnt = 0,50 Apt = Bt/ (PytCnt)
for t € {0,1,2}. The bond derivative is 0L, /by, 111 = —AniQt + App11 = 0,50 A1 =
Qi for t € {0,1}. Differentiating with respect to investment,

oL Yy 1 Yy
0= '1n - _An,OPn,O + An,lTn, + An,ZTn’
81,1/0 aznlo 81,1/0

= —AnoPuo+ Aupry1 + (1= 8) Aoty s (A.19)

Divide by A, 0 and use Ay, 1/ Ano = Qoand Ao/ Apo = (An2/Ani)(Ani/Anp) = Q1Qo.
The investment condition becomes

Puo = Qory1 + (1—6)QoQury s (A.20)

For consumption, substitute the consumption multipliers into the bond condition:

glQr . pHt RTIT . t e
PG = ParaCorn” Cross-multiplication and cancellation of " imply

QtPyi+1Ch 41 = BPutCi . (A.21)
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Taking the ratio across countries, Py s 1Cp 11/ (P i41Cri41) = [(B/Qt)PuiCuil /[(B/ Q1) PriCr il =
Py Ch i/ (Pf,tC f,t)- Relative nominal consumption expenditure is, therefore, constant
across dates.
Finally, multiply the date-1 budget by Qg and the date-2 budget by QpQ; and add
them to the date-0 budget. Net bond receipts cancel because —Qoby, 1 + Qo (b1 — Q1bn2) +
Q0Q1by 2 = 0. The resulting intertemporal budget is

Puo(Cho + 1}1,0) + Q0P 1Cu1 + QoQ1Py2Ch 0
= Y0+ QoYn1 + QoQ1Yno. (A.22)

A.14 Welfare Decomposition

We suppress date indices and denote the change in period utility by du, = dlogC,.
Differentiating E, = P,(C, + il) and using equation (A.8), dE, = P,C,du, + P,dil +
Lim Trundphn- The household budget also implies dE, = d(wj, Ly, +rhkL) +dTTL +d (b, —

Qby, 11), where +1 denotes the next date. Equating these expressions,

P,C, duy = d(wyLy + rikl) 4 dITL + d(by — Qby, 1)
— Py diyy — Y @un APhun- (A.23)
jm

To express factor income in terms of marginal costs, log-differentiate equation (A.11):
dlogmc}l = —dlog AL +adlogr} + (1 — a)d log w,,. Multiplication by V;! and substitu-
tion of the factor payments yield V;!dlogmc} = —V!dlog AL +kLdr} + ¢1dw,. In sector
2, V2dlogmc? = ¢2dw,. Adding these identities, imposing ¢} + ¢2 = L,, and using fixed
LTZ/

d(wyLy 4+ rikl) = L, dw, + kL drl + vl dk}

= V}ldlog AL + 7l dk} + ) V,z dlog mc{%. (A.24)
j

Denote country n’s trading partner by 7. Fixed markups imply qznndp{m =
X{mdlog mdc),. Substituting v =Rl 11, v? = R?, and R, =X, + X{m into the price
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terms,
Z V,i dlog mc{'1 — Z q{m dp{m1
j jm
= Z [Xilﬁ dlogmc), — X%, dlogmcj | —IT} dlogmc}. (A.25)
j

J/

NV
dw;et

The domestic-sales terms cancel because their revenue and expenditure changes use the
same price. Denote the remaining profit contribution by dwill = d11! — [T} dlog mc}..
Differentiating IT} = o' Y, pL..q%,.,

dpjm
AWM = o' Y | Py A0hy + Ghs APl — Pl 52 | = 0" X P by (A26)

1
m pnm/

N

-~

0
Substituting equations (A.24)—(A.26) into the differentiated budget establishes

P,Cydu, = V}}dlog AL + rl dk} — P, di} +d(b, — Qb,, +1)
+dwoT 4 awitt, (A.27)

This is equation (3) in the main text. Since dU, = Y'7_, B'du,, 1, each period’s monetary

contributions enter lifetime welfare with weight B!/ (P, :Cy ¢).

A.1.5 Equilibrium Responses around Symmetry

We now derive the local equilibrium relations used in both proofs and in the capital-
response calculation. Denote x, = dlog x, and X = Xj, — Xy. At the symmetric balanced-
trade allocation, domestic expenditure shares equal s € (1/2,1) in both sectors, so
Ri = dJE, X)* = (1—3s)R/,and Y = R' + R = E. Throughout this subsection, relative

expenditure can change.

Revenue and Factor Prices Denote 6 = ¢ — 1 and suppress destination indices on

producer prices, since trade is costless. The price derivatives established above specialize
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to 13;]1 = sﬂl +(1- S)f)\} and 13} =(1- S)ﬁi + sfa\; Log-differentiating equation (A.7),
X = Ew — 0(Ph — D). (A.28)

The domestic and export shares in Home’s revenue are s and 1 — s. Substituting the price
derivatives into I% = S)?{qh +(1- s))?{l £

~

R}, = s[By — 0(1 = 5)(B}, — P})] + (1 — s)[Ef — 0s(F], — )]
= sEy+ (1—5)Ef — 25(1 = 5)0(F), - P})- (A.29)

Exchanging country indices gives Foreign’s revenue response. Subtracting it from Home’s

and using fixed markups,
R/ = (25 — 1)E — 4s(1 — s)0mc/ = xE — ymc/, (A.30)

where ¥ = 2s — 1 and # = 4s(1 — 5)60. Denote Home's relative sector-1 cost advantage by
= —mc', without restricting its sign. Then R' = xE + A and R? = «E — 5.
Labor-market clearing implies w,L, = (1 — a)R}/u! + R2. Denote sector 1’s labor-
income share by A! = [(1—a)al/u']/[(1 —a)a'/u! + a?]. Differentiating with fixed labor
supply and substituting the revenue responses, @ = Al (kE + 7A) + (1 — A})(xE — 5@).
Collecting wage terms and denoting D = 1+ (1 — Al)y,

E+AlnA

W= H—LU (A.31)
D

Capital payments satisfy .k}, = aR}/u!. Denote relative sector-1 capital and productivity

changes by K and A, and the relative rental-rate change by 7. Log differentiation yields

74+ K=R', so7=xE+yA—K.

Marginal Costs, Aggregate Prices, and Income The relative marginal-cost equation is
—A = —A+ a7+ (1 — a)@. Substituting both factor prices and collecting terms in A,

11—«

—A=—-A+a(kE+nA—K)+ (kE 4+ Alya),

(1—a)Aiy
D

14 an+ A=A+a§—x[a+15“}g (A.32)

/

H
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Since 1+7 = D + Aly, the expenditure coefficient satisfies (1 + 17)[a + (1 —a)/D] =
14 an+ (1 —a)Ain/D = H. Denoting { = x/ (1 + 1), division by H yields

B g+o¢f5

A
H

—CE. (A.33)

Substitute this expression into the factor-price equations. The expenditure coefficients

simplify using x — A1yl = D and x — 7{ =, so

1

@ = (E + %(ﬁﬂcﬁ),

7= CE+ %A K, (A.34)
where ¢ = 1 —any/H. The same coefficients apply at each baseline date because the
sectoral revenue shares are constant.

Subtracting the sectoral price derivatives across countries gives P/ = xmc/, hence

P = x(—a'A + a*@). Substitution of the cost and wage responses reduces the term in
parentheses to {E — [a' — a?A}ly/D](A + aK)/H. Denote | = a' — a?Aly/D and 7 = (.
Then

P=nE— %](/T + aK). (A.35)

Income satisfies Y;,, = R,l1 + R%, with baseline shares a! and 42. Therefore, Y = a!R! +

a*R? = «E + n(a'A — a?®). Using the same substitution and x — 1{ = ¢,
Y = CE 4+ v(A + akK), (A.36)

where v = 1]/ H. The cost, factor-price, and income responses above will be used without
rederivation in the capital calculation and the proofs.
The signs needed below follow from the primitive restrictions. In particular, 0 < ¢ <
1/(147) and 0 < 7t < 1, while the labor-share identity implies
1—a (1—A})y

—al|1— € (0,a). A.37
J=o W1t (1-any) <) (A7)

Also, H—an =1+ (1 —a)Aly/D > 1,s0 ¢ > 0. Combining this bound with 1 —{ > 3¢
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and o] < 1,

F1—7) —avl = (H—‘W)(lH— ¢) —anjg 176(1; o) o (A38)

Terms of Trade and Relative Profit Shifting At symmetry, exports and imports equal
X)** in each sector. Substitution into the terms-of-trade contribution defined above gives

dwjeT = X'mc! + X2¥%. Using the general wage response,

2,x _ /\1
dwjeT = K); E- (xlfx — %X“) A. (A.39)

For profits, 11} = o'R} implies dWi"' = 'R} (RL — mc)). Denote the deviation from
the two-country average by dl/\/}?’l’rel = (d)/\/}fI A dW}_[’l) /2. Subtracting the country
responses and using equation (A.30),

1p1

1pl _
dwiirel = &5 2R (RN - ') = & 5 [KE+(1+7)A]. (A.40)

Exchanging country indices reverses the signs of E and A. Foreign’s terms-of-trade and

relative profit-shifting contributions are, therefore, the negatives of Home’s.

Baseline Expenditure and Rental Weights At the symmetric baseline, equal bond
holdings and bond-market clearing imply b;; = bg; = 0. Since investment occurs
only at date 0, E; = P;C; at dates 1 and 2. The consumption Euler equation implies
QoE1 = BPyCy and QoQ1E» = B*PyCy. Denote ¢ = PyCy/Eg > 0, T = B(1+ B), and
¢ = aa'/ul. Symmetric revenue shares imply r'k} = aR}/u! = gE:. Multiplying the

investment Euler equation by k1,

Poki = Qorikl + QoQir} (1 — 6kl
1
k2

= 8(QoE1 + QoQ1Ez) = gTPyCo. (A.41)

Thus Pok}/Ey = gTc. Dividing the date-1 rental payment by this capital value gives
Qori/Py = gQoE1/(Pokl) = B/T = 1/(1 + B). The corresponding date-2 weight is
(1-0)QoQiry/Po = gQoQiEx/ (Poky) = B*/T = B/ (1 + B).
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A.1.6 Capital Response to an Anticipated Productivity Increase

At date 0, households learn that Home’s sector-1 productivity will rise by g}ql =e>0at
date 1 and return to baseline at date 2. Denote K = k! = ﬂl — /k\ch,l' Since k;,z =(1-9 )k;/l,
Bo_R
n,

differentiation gives n,1 S0 relative capital changes by K at both dates. We establish

K > 0 while allowing relative expenditure to adjust.

Investment and Expenditure Equations Denote the common relative change in nominal
consumption expenditure by e and relative total expenditure at date 0 by ¢y. The
consumption Euler equation established above implies E; = E; = e, since investment
occurs only at date 0. Initial capital and date-0 productivity do not change, so the common
equilibrium relations imply Py = mey and YO = (eo.

Differentiate the investment Euler equation using the baseline rental weights derived
below equation (A.41): P,o = Qo + [?}1,1 + By, + BO1]/(1+ B). Subtracting across
countries eliminates the common bond-price changes. Substitute the rental responses

from equation (A.34):

o — Get (1/H)e — K+ B(Ge — GK)
0= 1+8

_ ne
= e+ g oK (A.42)

For date-0 expenditure, differentiate E, g = Py,,0Cp0 + Pn,ol',lq,@ Fixed initial capital implies
Cli]l1 0~ di} 0= k%K. With the baseline coefficients ¢, g, and T defined above, division by
Ey yields eg = ce + (1 — )Py + gTcK. Substituting By = teg and collecting terms,

Zey = ce + gTcK, (A.43)

where Z=1—(1—c)m=1—m+ mc > 0. Thus ¢y = c(e + gTK)/Z.

Next differentiate the intertemporal budget. The bond-price terms cancel at the
baseline because Y; = E;: dQo(Y1 — E1) + d(QpQ1)(Y2 — Ez) = 0. Subtracting across
countries, dividing by Ey, and using QoE;/Ey = ¢ and QoQ1E2/Ey = c[%z gives ep +
cTe = Yy + cBY; + cp*Y. Substituting the income responses,

eg + cTe = Ceg + cB[e + v(e + aK)] + cB>(Ze + vaK)
= Ceg + cTCe + cPrve + cTvaK. (A.44)

Move the expenditure terms on the right to the left. Equations (A.42)—(A.44) are the three

equations determining ey, e, and K.
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Solution and Sign of the Capital Response Eliminate ¢y using ¢y = c(e + ¢TK)/Z.
In the investment equation, multiply by Z; in the lifetime budget, multiply by Z/c.
Collecting the coefficients of ¢ and K,

(¢ —{Z)e+ ({Z + ngTc)K = I‘I(;’Z—iﬁ)g’

(1-0)(1+TZ)e+T[g(1—C) —avZ]K = BvZe. (A.45)

Multiply the first equation by (1 — {)(1 4+ TZ) and the second by 7rc — {Z, then subtract
and divide by Z. Using v = 5]/ H, the resulting equation is DK = (/ H)N¢, where

1-0)(1+T2)

(1-0)A+TZ)(EZ+ ngTc) — (mc—CZ)T[g(1 — ) — avZ]
7 .

N =

D= (A.46)

The signs are clearer after expanding these coefficients. Substituting T = (1 + ) and

mic = Z — 1 + 7t into the numerator,

_1-¢
N= gt B0+ 0z Bz -1+ m
_1-¢ _ — 01—
= 1 TR0 MBI -NZ >0 (a47)

Each term is positive by the bounds established in the common equilibrium derivation.
For the denominator, expand its defining expression to obtain D = (1 —{){(1+TZ) +
gT(1—)(rtcT + ¢) + avT(mc — {Z). Substituting Z = 1 — 71 + 7tc and grouping terms,

D=(1-0)5+gTt(1-0)+T(A—-m)[¢(1—7) — avl]
+ Tre(1—-0)(E+8gT +av) > 0. (A.48)

All coefficients are positive; equation (A.38) establishes the sign of the bracketed term.

Dividing the capital equation by D, we obtain

_ N
K—HD€>O. (A.49)

—~

x>0

Thus the positive relative capital response follows from household optimization and

market clearing at an interior investment optimum. To recover expenditure, substitute
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K = xke into the second equation of (A.45) and then into the date-0 expenditure equation:

,_ PvZ-— T[g(1—¢) —avZ]xk _ c(e+gTxke)

A-00+T2) g, ey = ~ . (A.50)

A.1.7 Proof of Proposition 1

Set E = 0 and A > 0 in the equilibrium relations derived above. The wage response is

A
=LA~ 0 (A51)

D
Equation (A.39) then reduces to dVV;OT = — XA + X%*w. Using X%*/X1x = R?2/R!
and Al /(1—Al) = [(1—a)RY/ul]/R?, the ratio of the sector-2 gain to the sector-1 loss is

X¥w  R*App  1—a (1-=Ap)y

— - <1 (A.52)
XA~ RUD — ul 14 (1-Ab)y

Both factors are positive and less than one. Therefore, the total terms-of-trade contribution
is negative.

Under the same expenditure restriction, equation (A.40) becomes

1pl
dw, el = %(1 +17)A > 0. (A.53)

To compare this gain with the sector-1 terms-of-trade loss, substitute o' = 1/(1 + 6),
7 =4s(1—s)6, and X"* = (1 —s)R":

I1,1,rel 1,x R'A
daw, —X’A=2(1+9)[1—|—45(1—5)0—2(1—5)(1—|—9)]
_ R'(2s —1)[1+2(1 —5)6]

2170 A > 0. (A.54)

The relative profit gain exceeds the sector-1 loss alone. Adding the positive sector-2
contribution establishes d)/\/{I Arel —dW/eT > 0. The opposite signs for Foreign follow
from the country symmetry established above.

A.1.8 Proof of Corollary 1

Equation (A.49) establishes K = k' > 0, and common depreciation preserves this relative

capital response at date 2. Productivity has returned to baseline, so A, = 0. Holding
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relative date-2 expenditure fixed, equation (A.33) reduces to

Ay = % K> 0. (A.55)
~—~
Ax>0

Apply Proposition 1 at the date-2 allocation and substitute this cost advantage:

Al
QlRl
dW}l;Iz’l’rel _ 2(1 + n)AkK > —dW;{ET > 0. (A.56)

2

These are the claimed date-2 contributions. Their signs and ranking follow from the

proposition, completing the proof.'®

A.1.9 Saving and Investment with an International Bond

We derive a two-period household’s choices and their differentials before considering
changes in current income and future productivity. All quantities are measured in units
of the reference country’s final good, and the gross bond return R > 0 is fixed. The

household solves

max logcy + Blogey st 1 +j(i) +b = y1(z1),

c1,C2,1,b

co = x(k+1i,22) + RY, (A.57)

where y; is current income, j(i) is installation cost, k is predetermined capital, and
x(k +1i,2z7) is the future rental and continuation payoff. The variables z; and z, denote
current and future productivity, and b > 0 denotes international lending. We consider
an interior solution with positive consumption, j/ > 0, j// > 0, xx > 0, x; < 0, and
Rj" — xp > 0.

Optimal Choices and Their Differentials With budget multipliers A; and A;, the
Lagrangian is £ = logcy + Blogcy + A1[yr — c1 — j(i) — b] + Aa[x(k +1,2z2) + Rb — ¢].
The consumption conditions are 1/c; — Ay = 0 and B/c2 — Ay = 0. Substituting them

15The capital response is determined with endogenous expenditure. The corollary evaluates its contri-
bution holding relative date-2 expenditure fixed. With endogenous date-2 expenditure, Ay = aK/H — (e;
K > 0 alone does not establish the sign of this total cost response.
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into the bond condition —A; + RA; = 0 yields 1/c; = BR/c2, hence c; = BRcy. The
investment condition is —Ayj'(i) + Ayxi(k +1,z2) = 0. Dividing by Ay,

i (F+i,20) = %j’(i) _ R/'(i). (A.58)

Denote its solution by i*(zp; R). Since d[xx — Rj’]/9i = xj — Rj” < 0, there is at most one
interior investment solution.

Eliminate bonds by substituting b = y; — c1 — j(i*) into the second budget. This yields
c1+¢2/R = y1 + x(k+i*,z2) /R — j(i*). Denote the investment’s net present value by
V(z2;R) = x(k +i*,22) /R — j(i*). Substituting c; = BRcy, we obtain (1+ B)c; =y1 + V,
soc;1 = (y1+V)/(1+pB)and ¢ = BR(y1 + V) /(1 + B). Consequently,

-V
S1Ey1—01=[3}1/1+ﬁ p

b=s —j(i*). (A.59)

At fixed R and k, differentiate the investment condition: xydi* + xi,,dz, = Rj”di*.

Collecting the investment terms gives

kaz

di* = ——2—
Rj" — xpx

dzo. (A.60)
Next differentiate the value function, including the induced investment change. The

investment condition cancels its coefficient:
_ (%K _ -/) s Xzp _ Xzp
dy = <R j)dit + 53 dz, R dz,. (A.61)

P

0

Finally, differentiate the saving and bond identities: ds; = [Bdy; — dV]/(1 + B) and
db = ds; — j'di*. Substituting the preceding two differentials,

sz j/kaZ
1+B)  Rj" —x

db 'B dyl - |:R( de. (A.62)

=148

Current Income and Future Productivity For a current-income change, set dz; = 0 in
the differentials above. Then di* = dV =0, so di*/dy; = 0 and

ob B

— =—>0. A.63
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For future productivity, hold y; fixed and assume x,, > 0 and xj,, > 0. Equations (A.60)
and (A.61) imply 0i*/9zy = Xjs,/(Rj"” — x4) > 0 and 0V /0zp = x,/R > 0. Setting
dy; = 0 in equation (A.62),

% — _ sz o j/kaQ
027 R(l + ,3) Rj" — xpx

<0. (A.64)

For a change in z affecting both income and future productivity, denote y;, = dy;/dz and
29, = dzp/dz. Substitute dy; = y1.,dz and dz; = z;,dz into the same bond differential
and divide by dz:

db o ﬁylz xZZZZZ jlkaZZZZ
dz 1+p R(1+ B) Rj" —xpe (A.65)
~—— —— —_——

Current income  Future income  Domestic investment

For vy, > 0 and z; > 0, the first term is positive and the other two are negative. Their

sum determines the sign of the bond response.!®

Financial Autarky Imposing b = 0 in the budgets yields ¢; = y; —j(i) and ¢; =
x(k +1i,2z7). Substituting into utility, the household solves

max log[y; —j(i)] + Blogx(k+1i,2z2) st y3—j(i) >0,

1

x(k+1i,23) >0, k+i>0. (A.66)

Denote the objective by u(i). Differentiation gives u/(i) = —j'(i)/[y1 — j(i)] + Bxx(k +

i,20)/x(k +1,27). Setting this derivative to zero,

g
1) _ g% (A.67)
(o] (8))

Differentiating the two terms of /(i) gives u”(i) = —j"/c1 — (j')*/c} + Bxgx/c2 —

Bx2/c% < 0. The interior optimum is, therefore, unique when it exists. The first budget

also implies s1 = y1 — ¢1 = j(i).

16Higher current income increases saving, while higher future income reduces it. The induced increase
in investment further reduces international lending. These comparative statics hold the bond return fixed.
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A.2 Model Derivations
A.2.1 Demand

Given Z,;, the final-good producer minimizes Z] P! Zj t subject to equation (7). The
tirst-order conditions imply P Z nt = ocn Pn tZnt, and substituting these demands into
expenditure gives the price mdex in equation (8).

The sectoral-good producer minimizes ), pzn,n,tqzn,n,t subject to equation (9). The

first-order condition for an origin variety is

pm,n,t = An,t (r)/m,n) <Qm,n,t> <Qn,t> 4

where )\] 1 1s the multiplier on the aggregation constraint. Solving the first-order con-
ditions and imposing the constraint gives the price index and variety demand in equa-
tion (10).

A.2.2 Production and Price Setting

For a given output level, a firm minimizes wm,tL PR ’] K] mi T 2k Py tM]’ '+ subject to
equation (11). The Cobb-Douglas first-order condltions give equation (12) and the

conditional input demands

WLl = OV, Pkl =¥,V

m,t’

pk tM = — V’ (A.68)

mt'

Each production elasticity is therefore the corresponding input’s share of variable cost.

In destination 7, a firm chooses p/, ., to maximize

j j j ] j
[pm,n,t - Tm,n,tmcm,t} qm,n,t(pm,n,t)'

Variety demand has elasticity —¢/, so the first-order condition is

j i ]aqmnt_
apmnt

] j
qm,n,t + [pm,n,t - Tm,n,tmc

Substituting the demand elasticity gives p{n,n,t =dl(o/ —1)71 r]nn trnc ;. Aggregating
destination profits then gives equation (15).
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A.2.3 Household Optimality Conditions

Jo— g Kj —
Let mn,t = ITZ, nt —

i/ qu,t’ A 1+ cpn(mqut —0y,), and Xl;ft] = ¢y[62 — (m]nt)z] /2. Differentiat-

ing the household problem with respect to the international bond and sectoral investment

gives
1 1
= B8R ,
Cot BRi11exp(Cnt+1) Criet ( |
' Kj Kj K,j A.69
Pn,t/\f’t] o1 T Pt [(1 —0n) Ayt — Xnte1

~— = pex
Cn,t :B p(él’l,t-i-l) Cn,t+1

The first equation determines international consumption smoothing. The second equates

the marginal installation cost of capital with its discounted rental and continuation value.

A.3 Quantification Details

The initial equilibrium combines the data sources and externally assigned parameters
described in Section 4. Observed prices, input costs, and trade shares determine the
paths of productivity and trade barriers through 2014. The simulated method of mo-
ments determines capital adjustment costs and intertemporal preference wedges, and the

continuation rules extend productivity and trade barriers beyond 2014.

A.3.1 Parameter Mapping and Alternative Markups

Table A.1 summarizes the parameters set outside the model and the moments that identify
the remaining objects. Baseline expenditure and production shares are constructed directly

from the accounts described in Section 4.
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Table A.1: Core Parameters and Identification

Object Value or construction Source or target
B Annual discount factor, 0.98 Assigned externally
¢ =0/ —1 9.11 in agriculture, mining, and External estimates and maintained assignments

utilities; 7.10 in manufacturing; 4.49
in services and construction

w Markups implied by ¢/ CES pricing condition

on Country-specific depreciation rates ~ Penn World Table 10.01

Aiz,t Changes in productivity Domestic-share exact-hat identity

T’]ﬂ,n,t Bilateral changes in trade barriers Relative-share exact-hat identity

Cnt Intertemporal preference wedges Trade-balance-to-GDP ratio

o Adjustment-cost curvatures Standard deviation of the investment-to-GDP ratio

Notes: The agriculture and aggregate estimates are from Caliendo and Parro (2015). The manufacturing
value is an observation-weighted average of their manufacturing estimates. The aggregate estimate is
assigned to services and construction, while the agriculture estimate is assigned to mining and utilities.

The common-markup comparison preserves aggregate variable cost and the aggregate

profit share at the allocation in 2000. With R{1 0 denoting baseline revenue, its markup is

j
ZnEN,jGJ Rn,o
] i
YneN,jed Rn,o/V]

il = (A.70)
The resulting value is 1.188. This comparison changes the distribution of markup wedges

across sectors while holding the baseline aggregate profit share fixed.

A.3.2 Baseline Accounts and Initial Conditions

At the baseline markup, sector profit is (1 —1/u/ )RL,or and variable cost is R{q,o / ]/tj . We
subtract implied profit from WIOD capital compensation before constructing «},, then
allocate the remaining variable cost to labor, capital, and intermediate inputs. Implied
profit exceeds measured capital compensation in ROW agriculture; India light and
consumer manufacturing; EU light and consumer manufacturing; and China local, public,
real estate, and construction services. We set the capital share to zero in these cells and
include the residual in labor and mixed income.

We convert industry capital stocks to the units of the input-output tables using the
ratio of value added in those tables to total labor and capital compensation in the Socio-
Economic Accounts. Country totals are allocated across sectors in proportion to capital
payments net of profits, and initial investment is allocated using the same shares. The
country depreciation rates are 0.03995 for the United States, 0.05494 for China, 0.05032
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for India, 0.03864 for the European Union, and 0.04430 for the rest of the world.
Observed net external positions are expressed relative to GDP. The ratios in 2000 are
—15.64 percent for the United States, 3.47 percent for China, —17.04 percent for India,
and —9.94 percent for the European Union. We multiply these ratios by model value
added and use the resulting values as the model’s initial international bond positions.

We choose the rest of the world’s bond position to clear the global bond market.

A.3.3 Productivity, Trade Barriers, and Estimated Parameters

The input-cost index used in equation (37) combines labor compensation per worker,
capital compensation net of profits per unit of capital, and WIOD sectoral price indices
using initial production shares. The capital-price term is omitted in the four cells with a
zero capital share. At each date, we remove the mean of log productivity across countries
and sectors weighted by initial gross output. The resulting paths of productivity and
bilateral trade barriers are therefore consistent with the construction of initial factor
payments and the normalization by world productivity used in the welfare comparisons.

Let # collect the free intertemporal-wedge innovations and log ¢, and let m(8) stack
the differences between model-generated and observed moments. The SMM estimator

solves .
¥ =arg min Em(ﬂ)’W'Wm(t?), W= diag(160, \/EI5) :

The first 60 moments are the annual trade-balance-to-GDP gaps for four economies
over 2000-2014, and the remaining five are the country investment-volatility gaps. The
weighting matrix gives the trade-balance and investment-volatility groups equal aggregate
weight in the quadratic objective.

Only relative intertemporal preference wedges are identified, so we impose ), i+ = 0
at each date. The largest gap between the model and observed trade balances is 0.059
percentage points of GDP, and the largest gap in investment volatility is 0.029 percentage
points. Observed capital and investment determine the initial conditions, while the

standard deviation of the investment-to-GDP ratio enters the SMM moment vector.

A.3.4 Continuation after 2014

For each country and sector, we estimate an autoregression for annual productivity
growth in logs with a separate constant. The constant remains active for 20 years after

2014, after which growth follows the autoregressive decay without a constant. Growth
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Table A.2: Fit of the Investment-Volatility Targets

Economy Data volatility Model volatility
United States 0.01836 0.01830
China 0.04153 0.04124
India 0.04297 0.04295
European Union 0.01013 0.01012
Rest of World 0.00714 0.00714

Notes: Volatility is the standard deviation of the annual investment-to-GDP ratio over 2000-2014.

in bilateral trade barriers follows an autoregressive decay without a constant, domestic
trade barriers remain fixed at one, and all persistence estimates are bounded between
—0.99 and 0.99.

The transition horizon extends until every endogenous variable reaches the stationary
allocation associated with the terminal productivity and trade barriers. Convergence
occurs before the terminal date, and Appendix A.7 reports the equilibrium and terminal-

condition checks.

A.4 Additional Quantitative Results

This appendix reports additional quantitative results on financial openness, the duration
of increases in productivity, capital adjustment, and markups. These results support the

explanations developed in Section 5.

A.4.1 Financial Openness and the Duration of Increases in Productivity

Table A.3 varies the duration and magnitude of the increase in productivity. For every
temporary duration considered, openness lowers China’s welfare gain relative to autarky
because part of the additional saving finances net international lending rather than domes-
tic investment. A permanent increase reverses the comparison: the higher productivity
of future capital raises desired investment above domestic saving, and international
borrowing finances the difference.

Changing the magnitude of the ten-year increase does not change the sign of the
welfare difference between openness and autarky. Larger changes scale both saving and
investment, while additional saving remains greater than additional domestic investment
throughout the reported range. Duration changes the balance because it determines how

long capital installed today benefits from higher productivity.
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Table A.3: Financial Openness across Increases in Productivity

Openness Autarky Difference

Increase in productivity =~ Welfare Welfare Welfare Profit shifting  Share
consumption-equivalent percent or percentage points percent

Panel A: Duration of a 10 percent increase in productivity

One year 0.109 0.135 —0.026 —0.027 104.2
Five years 0.539 0.631 —0.092 —0.093 100.9
Ten years 1.049 1175 —-0.125 —0.120 96.0
Twenty years 1.958 2.090 -0.133 —0.112 84.2
Forty years 3.340 3.448 —0.108 —0.061 56.7
Permanent 6.142 6.098 0.044 0.045 103.9
Panel B: Magnitude of a ten-year increase in productivity

1 percent 0.103 0.115 —0.013 —0.011 89.2
2.5 percent 0.257 0.289 —0.032 —0.029 90.2
5 percent 0.518 0.581 —0.063 —0.058 91.9
10 percent 1.049 1175 —0.125 —0.120 96.0
20 percent 2.166 2408 —0.242 —0.260 107.2

Notes: Productivity rises in China’s light and consumer manufacturing sector. Financial openness allows
every model economy to trade the one-period international bond, while financial autarky removes bond
trade. The difference is welfare under openness minus welfare under autarky. Profit shifting reports its
contribution to this difference, and Share is this contribution divided by the total difference. Each
specification is compared with its own reference path.

Table A.4 reports the corresponding changes in saving, domestic investment, and
the international bond position. Under the ten-year increase, China undertakes net
international lending and increases its bond holdings under openness, ending year 10
with less aggregate and sectoral capital than under autarky. Under the permanent
increase, China instead borrows, and openness supports more investment and capital. In

each case, saving is allocated between domestic investment and net international lending.
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Table A.4: Saving and Investment under Financial Openness and Autarky

Increase in Bond position
productivity Regime Year Consumption Investment/GDP Saving/GDP /GDP Capital Sector capital

Ten-year Open 1 0.660 1.986 3.913 1.744  0.000 0.000
increase Autarky 1 3.437 1.576 1.576 0.000  0.000 0.000
Open 10 1.580 —0.875 3.423 35238  3.359 13.629
Autarky 10 4.720 1.760 1.760 0.000  7.155 16.624
Permanent  Open 1 5.315 2.070 0.034 —2275  0.000 0.000
increase Autarky 1 3.917 1.139 1.139 0.000  0.000 0.000
Open 10 5.980 0.428 0.319 —9.946  5.552 23.185
Autarky 10 5.510 0.420 0.420 0.000  4.155 21.873

Notes: Entries are changes from the corresponding reference path for China. Consumption, aggregate
capital, and capital in the affected sector are percentage changes. Investment/GDP, Saving/GDP, and the
international bond position relative to GDP are percentage-point changes. A positive bond position is a
claim on other economies. In the model, domestic saving is allocated between domestic investment and net
international lending. Capital is predetermined in year 1, and the temporary increase remains active
through year 10.

A.4.2 Capital Adjustment and International Borrowing and Lending

Table A.5 compares sector-specific and sectorally mobile capital, adjustment costs, and
bond access across markup structures and changes in productivity and trade barriers.
The differences between heterogeneous and common markups are small relative to the
comparisons of these model features. Markup dispersion therefore has little effect on these

comparisons, even though markups affect the welfare value of the resulting production

changes.
Table A.5: Markups and Dynamic Adjustment in China
Heterogeneous Common Perfect Heterogeneous
Change Model feature markups markup competition minus common
consumption-equivalent percentage points
Permanent productivity Sector-specific capital 0.018 0.023 0.001 -0.005
Adjustment costs -0.011 0.009 -0.018 -0.020
International bond access 0.044 0.043 0.028 0.001
Ten-year productivity Sector-specific capital 0.019 0.018 0.005 0.000
Adjustment costs 0.012 0.020 -0.003 -0.009
International bond access -0.125 -0.125 -0.087 -0.001
Permanent trade barriers Sector-specific capital 0.005 0.009 -0.003 -0.004
Adjustment costs -0.018 -0.007 -0.016 -0.011
International bond access 0.018 0.015 0.014 0.003
Ten-year trade barriers Sector-specific capital 0.006 0.007 -0.002 -0.002
Adjustment costs -0.027 -0.019 -0.021 -0.009
International bond access -0.018 -0.022 0.008 0.004

Notes: Each entry is welfare in the baseline model minus welfare when the indicated feature is removed.
Sector-specific capital compares sector-specific with sectorally mobile capital. Adjustment costs compare

the baseline model with costless adjustment. International bond access compares the baseline model with
financial autarky. The changes reduce international manufacturing trade barriers by 10 percent.
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Table A.6 separates welfare during the ten years of higher productivity from welfare
during the subsequent adjustment. Most of the baseline welfare effect occurs after produc-
tivity returns to its reference path because the international bond position and inherited
capital continue to affect consumption and production. Removing the international bond
shifts substantially more of the effect into the period of higher productivity, whereas
sectorally mobile capital, costless adjustment, and alternative markup specifications leave

the broad timing pattern intact.

Table A.6: Welfare during and after the Temporary Increase in Productivity

Specification Total gain During increase After increase
consumption-equivalent percent percent of total gain
Baseline model 1.049 20.0 80.0
Sectorally mobile capital 1.031 18.2 81.8
No capital adjustment costs 1.038 19.6 80.4
Financial autarky 1.175 65.7 34.3
Common markup 1.080 19.5 80.5
Perfect competition 1.065 242 75.8

Notes: Productivity in China’s light and consumer manufacturing sector is 10 percent above its reference
path for ten years. Each specification is compared with its own reference path. The shares allocate the
welfare effect over the full transition between the period of higher productivity and the subsequent
adjustment.

A.4.3 Markup Wedges and Welfare Across Countries

Table A.7 isolates the welfare value of the average markup wedge by comparing a
common markup with perfect competition. For China, the effect operates mainly through
profit income from domestic sales, while the sum of the profit-shifting contributions
across countries is economically negligible. The common markup therefore changes the
distribution of profit income across countries without producing a comparable change in

the world profit-shifting contribution.
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Table A.7: Common Markups and Dynamic Adjustment

Panel A: Welfare effects for China

Terms of Profit Domestic Foreign Bond, capital,
Increase in productivity Model feature Total Productivity trade shifting  sales sales  and investment
consumption-equivalent percentage points

Permanent Sector-specific capital 0.0215 -0.0006  0.0019  0.0200 0.0273 -0.0074 0.0002
International bond access 0.0145 -0.0436 0.0156  0.0451 0.0461 -0.0010 -0.0026
Ten-year Sector-specific capital 0.0135 -0.0096 0.0057  0.0172 0.0292 -0.0120 0.0003
International bond access -0.0382 0.1170  -0.0307 -0.1266 -0.1297  0.0032 0.0021

Panel B: Profit shifting by country

Increase in productivity Model feature United States ~ China India European Union Rest of world =~ World
percent of world consumption

Permanent Sector-specific capital -0.00011  0.00059 -0.00002 -0.00012 -0.00038 -0.00003
International bond access -0.00012  0.00173  0.00000 -0.00004 -0.00023  0.00133
Ten-year Sector-specific capital -0.00001  0.00059 -0.00001 -0.00003 -0.00007  0.00046
International bond access 0.00052 -0.00511  0.00008 0.00020 0.00061 -0.00369

Notes: Panel A reports the effect under a common markup minus the effect under perfect competition for
China. Sector-specific capital compares sector-specific and sectorally mobile capital, while international
bond access compares the model with bond access to financial autarky. Domestic and foreign sales sum to
profit shifting. The final column sums international bond payments, changes in installed capital valued at
rental rates, and the resources used for investment and capital adjustment. Panel B reports profit shifting in
percent of world consumption. The World column sums across countries and values quantity changes at
the price-cost gaps implied by the common markup. All four world contributions are economically
negligible; the permanent entry for sector-specific capital is also of the same order as the maximum
numerical discrepancy in the decomposition.

Table A.8 varies sectoral markup dispersion while preserving the average price-cost
wedge. Greater dispersion lowers profit shifting in both productivity exercises. The
reason is not dispersion itself but the covariance between markup wedges and production
changes: the expanding manufacturing sector has a wedge below the preserved mean, so

widening dispersion lowers its wedge and makes the covariance less favorable.

Table A.8: Mean-Preserving Markup-Dispersion Sensitivity for China

Permanent increase Ten-year increase

Scale A Markup range Welfare Profit shifting Share Welfare Profit shifting Share

0.0 1.188-1.188 6.299 3.039 482 1.080 0499 46.2
0.5 1.148-1.205 6.215 2.828 455 1.063 0.460 433
1.0 1.110-1.223 6.142 2,622 427 1.049 0424 404
15 1.074-1.241 6.080 2419 398 1.038 0388 374
2.0 1.041-1.259 6.028 2219 36.8 1.028 0.353 343

Notes: The price-cost wedge is p/ = 1 — 1//. The sensitivity sets p/(A) = g + A(p/ — p), where { is the
baseline-revenue-weighted mean. Thus A = 0 gives the common markup, A = 1 gives the baseline
markups, and A = 2 doubles wedge dispersion while preserving the mean. Demand and trade elasticities
remain fixed. Welfare is a consumption-equivalent percent, profit shifting is in percentage points, and
Share is profit shifting as a percent of welfare.
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A.4.4 Additional Welfare Comparisons

Table A.9 evaluates the welfare effects of the changes inferred over 2000-2014 at shorter
horizons. The values over the full transition differ materially from the values over five and
ten years because capital and international bond positions continue to affect consumption
after the observed changes end. This comparison motivates evaluating welfare over the

complete transition rather than stopping in 2014.

Table A.9: Welfare Effects by Evaluation Horizon

Economy 5years 10 years 20 years Full transition
consumption-equivalent percent
United States -13.97 -14.33 -12.52 -4.16
China 102.00 104.90 113.40 156.09
India -10.57 -13.32 -19.59 -26.79
European Union  -10.74 -11.34 -9.45 0.56
Rest of World 12.24 13.20 11.01 21.20

Notes: Consumption-equivalent welfare effects from the paths of productivity and trade barriers inferred
from annual data over 2000-2014, relative to a reference path in which productivity in every country and
sector follows world productivity growth and bilateral trade barriers remain at their levels in 2000.
Negative entries indicate welfare below this reference path. The first three columns evaluate welfare over
the indicated horizon.

Table A.10 reports additional changes in productivity and trade barriers. Larger
permanent changes strengthen the same qualitative responses as the baseline exercises,
while temporary changes generate smaller welfare effects over the full transition. Bilateral
U.S.—China barrier increases produce losses for the two directly affected economies,

whereas multilateral reductions generate broader gains.
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Table A.10: Welfare Effects of Changes in Productivity and Trade Barriers

Change

uUsS. China India EU ROW
consumption-equivalent percent

Panel A. Increases in Productivity in China

Manufacturing: +10%, permanent 0.008 6.142 -0.008 0.008 0.034
Manufacturing: +25%, permanent 0.033 16.48 -0.016 0.034 0.150
Manufacturing: +10%, ten-year 0.003 1.049 0.005 0.003 0.009
Agriculture: +10%, permanent 0.001 3.698 0.002 0.004 0.019
Panel B. Manufacturing Trade Barriers
Global reduction: 10%, permanent 1.450 3.921 1.640 1.338 1.948
Global reduction: 25%, permanent 6.626 18.67 8.076 6.233 8.796
Global reduction: 10%, ten-year 0.274 0.723 0.357 0.246 0.349
U.S.-China increase: 10%, permanent -0.023 -0.276 0.001 0.001 0.003
U.S.—China increase: 10%, ten-year -0.005 -0.041 0.000 0.000 0.000

A.5 Country and Sector Aggregation

Table A.11 maps the WIOD countries to the five model economies, and Table A.12 maps

the WIOD industries to the eight model sectors. The mappings remain fixed across years

and welfare comparisons. The industry codes follow Revision 4 of the International
Standard Industrial Classification (ISIC).

Table A.11: Country Aggregation

Model economy

WIOD countries

United States
China

India

European Union

Rest of the World

United States

China

India

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark,
Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, United Kingdom

Australia, Brazil, Canada, Indonesia, Japan, Republic of Korea, Mexico,
Norway, Russian Federation, Switzerland, Taiwan, Turkey, and the WIOD
rest-of-world residual region

Notes: The United Kingdom is included in the European Union throughout the sample.
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Table A.12: Sector Aggregation

Model sector WIOD industries (ISIC Rev. 4)

Agriculture A01, A02, A03

Mining and utilities B, D35, E36, E37-E39

Light and consumer manufacturing C10-C12, C13-C15, C16, C17, C18, C31-
C32,C33

Materials and process manufacturing C19, C20, C21, C22, C23, C24, C25

Machinery and durables manufacturing C26, C27, C28, C29, C30

Distribution, transportation, and hospitality services G45, G46, G47, H49, H50, H51, H52,
H53, 1

Information, finance, and business services J58, J59-J60, J61, J62-]63, K64, K65, K66,
M69-M70, M71, M72, M73, M74-M75,
N

Local, public, real estate, and construction services EF L68, 084, P85, Q,R-S, T, U

Notes: Industries follow ISIC Revision 4.
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A.6 Additional Figures

Figure A.1: Trade Balances as Shares of GDP: Data and Model
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Notes: Each panel compares observed and model-implied trade balances, including goods and
services, relative to GDP from 2000 to 2014 in the model with one sectorally mobile domestic capital
stock used for SMM estimation. The annual trade-balance paths are included in the SMM moment
vector.
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Figure A.2: Productivity Paths
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The productivity paths exclude the world productivity trend used for the model numeraire; the trend
is computed with baseline gross-output weights.
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Figure A.3: Average Bilateral Trade Barriers by Origin Economy
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Notes: Each panel reports the geometric mean of bilateral trade barriers ‘E,]; 4 from origin n to
destinations d # n, weighted by 2000 bilateral trade shares and normalized to one in 2000.
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Figure A.4: Average Bilateral Trade Barriers by Destination Economy
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A.7 Solution Method

We choose a terminal date by which all endogenous variables have reached their stationary
values and impose the stationary allocation at that date. The resulting solution contains
the complete adjustment path. The transition with sector-specific capital is solved as
one nonlinear system. At each Newton iteration, the residual evaluator computes the
equilibrium residuals, constructs the analytic sparse Jacobian, solves the Newton linear

system with sparse matrix algebra, and uses a damped line search to improve convergence.

A.7.1 Transition Unknowns and Residuals

The computations use a terminal date T by which the equilibrium has reached its
stationary allocation. In this appendix, transition dates are indexed by t = 1,...,T, so
t =1 corresponds to t = 0 and the year 2000 in Section 3. Initial sector capital stocks KLJ
and international bond positions By, ; are given. Let Q;_; be the date-t — 1 price, in units
of the reference country’s final good, of a bond that pays one unit of that good at date t.
Its gross return is Ry = Q;ll. Throughout the solution method, hatted variables denote
ratios to their values in 2000; Appendix A.1 uses hats for log deviations. Let W, ; denote
the nominal wage, while W;, continues to denote welfare as defined in equation (24). With

N countries and | sectors, the transition unknown vector stacks

. ~ Ki oo T
X = {log Cuts fyps Bupr (n <N), log Ry (t > 2), log W, log7,;, log K”ft“}t:l’
(A.71)

; = I,]; i/ 11]; 1 1s sector investment relative to its value in 2000, kept in levels

]

n

because disinvestment can occur, and global bond-market clearing determines the Nth

where i

economy’s international bond position. The vector has 3NT — 1 4 3NJT unknowns. The
residual vector contains labor-market-clearing conditions, sector capital-service-clearing
conditions, household budgets for n < N, bond Euler equations, Euler equations for
sector-specific capital, and the law of motion for sector-specific capital. It also contains
terminal stationarity conditions for international bond positions and sector-specific capital,
together with the nominal normalization. The residual and unknown vectors have the

same dimension, so the system is square.!”

7Four country-sector cells have a zero capital cost share and hold no capital. Their capital stocks are
fixed at zero by identity rows.
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A.7.2 Static Block Within Each Period

Given a candidate transition path, the static Armington input-output block determines
prices, trade shares, revenues, factor payments, profits, income, and trade balances in
each period from current state variables, productivity, and trade barriers. Unit costs
satisfy

log ﬁn\c{q,t = —log g]nt + 0, log Wy s + ) log?ﬁ + ) wl log P\fflt, (A.72)

keg

with the sectoral rental rate entering in proportion to its cost share. Prices paid in
each destination equal the marginal cost of supplying that destination multiplied by the
sectoral markup. The Armington price indices and current trade shares follow from the
CES structure evaluated at baseline shares. Prices are solved by fixed-point iteration
over trade shares. Holding shares fixed makes the log price system linear, so it can be
solved exactly; shares are then updated until convergence. The outer transition problem

is solved by Newton’s method. Revenues then solve the input-output system
Ry = (I — Ary) by, (A.73)

where b; collects final demand routed through trade shares and Ag ; propagates interme-
diate demand, scaled by inverse markups. Both are NJ x NJ systems solved period by
period.

A.7.3 Dynamic Residuals

w1th investment-capital ratios m/, , = =7 nt! K marginal

l’ll?lt’ n,t’

installation costs )L,Ift] = 14 ¢u(m),, — b,), and )(In(g = 2 (62 — (m nt) ). For n < N, the
budget residual compares spending plus bond purchases to income plus maturing bonds,

Sector investment is I,]1 = I]

scaled by baseline magnitudes; the last country’s budget is implied by Walras” law. The

bond Euler residual is

far =108 Cpp i1 —log Cpp — log(BRes1) — Gupi1s (A.74)

and the sector capital Euler residual is

ni = —10g Cyt +10g Cypr1 + log (P A, ]) —log B — Gur1 A75)
Ki K, Ki .
—log |71 + Pugia <(1 =) A1 — Xn,g—i-l)} :
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The law of motion for sector-specific capital, terminal conditions B, ry; = B, r and

j
Kn,T+1

the system.

= KL,T, and the world-gross-output normalization }_, ; RL,t =Y RL’l complete

A.7.4 Analytic Jacobian and Newton Method

The Newton method uses the analytic Jacobian Fy, with the static price block differentiated
by the implicit function theorem. Let z; collect current wages, sectoral rental rates,
productivity, markups, and trade barriers. If Gp; is the derivative of the price mapping
with respect to prices and Hp; is its direct derivative with respect to z;, then dp; =
(I — Gps) 'Hpdz;. The matrix Gp; transmits costs through intermediate-input prices,
while Hp; contains the direct effects of z;. A rental-rate change in origin o, sector j, affects
destination d’s costs in proportion to nf;/ d,th;'

Trade-share derivatives follow from CES demand, and revenue derivatives use one
factorization of the revenue system per period with multiple right-hand sides. Dynamic
rows link adjacent dates, yielding a block-banded Jacobian solved with sparse matrix
factorizations. An Armijo line search improves convergence, and variable-specific scaling
accounts for the larger magnitude of nominal bond positions.

With productivity and trade barriers fixed, the static block reproduces baseline
revenues and bilateral trade shares with maximum discrepancies of 3.3 x 10~!° and
2.2 x 1076, The reference path has a maximum equilibrium residual of 2.7 x 1077, and
its terminal stationarity residuals are near 10~1¢. Graph-colored finite-difference checks
produce relative Jacobian errors near 10~°. The model with sectorally mobile capital also
reproduces the independently solved model with one mobile domestic capital stock to

within 2.3 x 107 across all unknowns.

A.7.5 Derivation of the Welfare Decomposition
Write the household budget as
Kii , , ,
pn,tcyll{,t = WytLy + 2 <7’n/gKL,t + H]n,f> + RtBn,t - Bn,t+1 — Pyt Z <I;]1,t + X]n,t> .
j j

Totally differentiating this identity and applying Shephard’s lemma to final and interme-
diate expenditure gives the price changes evaluated at the corresponding quantities. Cost
minimization replaces changes in variable inputs by marginal-cost changes and the direct

productivity saving Vi ;dlog A{q ;- Labor-market and intermediate-goods-market clearing
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cancel payments and expenditures within a country.
For an international flow from origin o to destination d, let p,, = wmc), be the
producer price before trade costs. The price paid in the destination is p{), it = Té, it ﬁélt, SO

the destination’s expenditure derivative contains
j / j
=X 4 < dlogmc, , + dlog To,d,t) .

The origin receives XZ) 4+ dlog mc{),t through the price received on its exports. Aggregating
these two terms across international flows gives equations (27) and (32). Terms involving
producer prices cancel when summed across countries, while changes in trade barriers
need not cancel because they change delivery resources.

Sectoral operating profits satisfy equation (28). Their total derivative is

dHé,t = ¢ ; dXﬁ,d,t-

Following Ossa (2014), profit shifting subtracts the change in profits caused by the
change in the producer price. The fixed sectoral markup implies dlog ﬁg,t = dlog mc](;,t.
Adding and subtracting Hﬂ/t dlog ﬁ{;,t = H{;’t dlog mcﬁ/t gives equation (29). Substituting
dX = X(dlogmc + dlogt) + pdq gives equation (30). The marginal-cost term subtracts
the change in the producer price before trade costs, while the trade-cost term records the
change in the destination price caused by trade costs.

]

The pricing equation gives ¢/ p{) gt = p{) it — T4 ,mc, .. With fixed trade barriers,

substituting this equality into equation (30) and summing across origins and sectors gives
equation (31). Demand equates the marginal value of a variety with its price, so the
right-hand side values each quantity change at its price-cost gap.

When trade barriers change, the corresponding world sum is

ILj _ j j j j
2 W, =) (po,d,t ~ Tod, Mot ) Ao g
0 0,jd

+) Qij;dtdlongdt.
= A, A,
The first line values quantity changes at their price-cost gaps. The second records the
change in profit income associated with the change in trade barriers, while equation (32)
records the resources required for delivery. Applying o/ = ¢+ (¢/ — @) to the first line

gives the common-markup and markup-dispersion terms in equation (33). The dispersion
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term captures the effect of reallocating quantities across activities with different markups
in Holmes et al. (2014). Together, the two terms correspond to the general expression for
welfare changes from reallocation in Bagaee and Farhi (2020), while the country terms
show which country’s households receive the profit income.

The remaining terms are the change in net bond receipts, the rental value of installed
capital, and the resources used for investment and capital adjustment. Collecting all

terms and dividing by nominal consumption gives equation (36).

A.7.6 Decomposition Computation

Let g7, ;({) denote the local contribution of component c at the equilibrium indexed by
¢, where ¢ = 0 is the reference path and { = 1 is the path with the specified change.
The reported welfare comparisons set the intertemporal preference wedges to zero. The

discounted average change in log real consumption is

T-1 t

1
AW, =1 | [ L mgam] .
We evaluate the path integral numerically, using each equilibrium to initialize the next.
The model comparisons use nine equally spaced interpolation points. For the larger
changes inferred from annual data over 2000-2014, Richardson extrapolation combines
decompositions computed with five and nine points. Across the reported dynamic and
static comparisons, the largest difference between directly computed welfare and the sum
of the components is less than 6 x 107 in the underlying welfare units.

The tables express the exact additive decomposition in consumption-equivalent units.
Let AW,, denote component ¢’s contribution and let A, = 100[exp(AW,,) — 1] denote total
consumption-equivalent welfare. The reported contribution is A, AW, /AW,. The contri-
butions therefore add to A, and dividing a contribution by total consumption-equivalent
welfare gives the same component share as the underlying exact decomposition.

For a comparison between two model specifications, a and b, the reported total is
the direct difference in consumption-equivalent welfare, A% — A”. The contribution of
component c is

——cb

AW — AW,
AW’ — AW

(A2 —AY)

These contributions add to the consumption-equivalent percentage-point difference and

preserve the component shares of the exact decomposition.
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