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Motivation

Closed-economy neoclassical growth model remains a key benchmark
for thinking about cross-country income dynamics

In the closed-economy, each country converges to its own
steady-state level of income per capita (conditional convergence)

Open economy versions of this model often make strong assumptions
about substitutability and/or frictions in goods and capital markets
- Goods are assumed to be homogeneous across countries or trade is
assumed to be costless
— Capital is assumed to be homogeneous, implying large net capital flows
to arbitrage away differences in rates of return

We generalize the neoclassical growth model to allow for costly trade
and capital flows with imperfect substitutability

We simultaneously model
@ Intra-temporal goods trade subject to trade frictions
® Intra-temporal capital allocations subject to capital market frictions
® Intertemporal consumption-savings choices (and current account)
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This Paper

We show that our framework is consistent with a number of features
of observed data on trade flows and capital holdings

- Gravity equation for trade in goods and capital holdings

— Determinate predictions for gross and net capital holdings

— Relatively low capital flows to capital-scarce countries

Generalize existing dynamic exact-hat algebra techniques for
counterfactuals to allow for bilateral trade and capital holdings

Linearize the model to obtain closed-form solution for transition path

Goods trade and capital holdings interact to shape the speed of
convergence to steady-state in neoclassical growth model

- New implications for impulse responses to productivity shocks

- Opening goods trade alone raises the speed of convergence

— Opening capital flows alone raises the speed of convergence

- Opening goods trade and capital flows reduces the speed of convergence

Since our framework incorporates bilateral trade and capital holdings
and intertemporal consumption-saving, it is well suited to
counterfactuals for both goods and capital market integration

— Decoupling of China and the United States
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Model Setup

Economy consists of many countries n,i € {1,..., N}
Time is discrete and indexed by t € {O, R oo}

Each country supplies a differentiated good that is produced using
labor and capital under constant returns to scale

Markets are perfectly competitive
Goods can be traded subject to bilateral trade costs
Representative agent in each country endowed with labor £,

At the beginning period t, representative agent in each country
inherits a stock of wealth a,;

Wealth can be allocated to each country subject to capital market
frictions and idiosyncratic shocks to returns

Beginning period t: choose wealth allocation across countries and
make consumption-saving decisions

Beginning period t 4 1: investment returns realized, depreciation
occurs, and wealth again allocated across countries

No aggregate uncertainty and perfect foresight
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Intertemporal Preferences
® In country n, the mass ¢, of representative consumers solve

1-1/1
:BH_S cnt+s

{Cnt kmt} SZO 1-— l/lp

N N
st ppiCnr + Pt Z Anit+1 = (Pnt (1 - 5) + Vnt) Z Anit + Wniln
i=1 i=1

Wniln

Or equivalently s.t.: ¢y + anr+1 = Roupranr +

nt
® ) is depreciation rate; vy is return to capital; p,; is consumption price
index; Ryt = 1 — 6 + vt/ ppy is real gross return to investment
® Consumption is linear function of current wealth (Angeletos 2007)

Wil
Cnt = Gnt (Rntant + nn + hnt)

Pnt

® where ¢ is defined recursively as

— -1
Cut =1+ ﬁ¢¢ft+1th+lgntl+l
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Capital Allocation Within Each Period

Each unit of capital subject to idiosyncratic shocks to returns (@y;r)
- Search and acquisition costs, regulatory and productivity shocks
Iceberg capital market frictions: kp;; > 1for i # n; Ky = 1

Return to a unit of capital invested from source n in host i:
s .
(Pmt zt' (PNe i@ ev e>1

Knit

1i; controls average host capital returns (e.g., property rights)
Bilateral capital investments satisfy a gravity equation

Anit (Uitrit/Knit)E

= e>1
N .
Ant Y1 (Wht"ht/Knht)e

bnit =

Expected = realized return to capital is equalized across hosts i

1
N el € €—1

Vnit = Vnt = 7Y Z (1heThe/ Knht) , y=T c
h=1

No aggregate uncertainty (continuous measure of units of capital)
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Local Demand and Supply of Capital

® Capital demand by local firms

1
o= (1= ) (Z (W"fiﬂ;;;’"f;"f)> 7 o (ﬁ)}u(l—v) < 1 )(17}41)(1—0) k;[(lfﬂi)(‘ffl)ﬂ)]
T )

n nit nt

Goods Market Access

® Capital supply to local firms

_€ 1— € €1
rig = y1-¢ Z Vit €ant (Uit/Knit) ki !
n

Capital Market Access

Upward-sloping capital supply, shifted by capital market access

Downward-sloping capital demand, shifted by goods market access

Gradual adjustment along the transition path through changes in
capital and goods market access
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Production and Trade
Consumption and investment bundles follow CES (Armington):

0+1

N 0
Cnt = Z(Cnit)m ) 620—1, o>1

i=1

Country n’s expenditure share on good i:

—0
_ ThitPiy
Snit = N @
Yoh=1 TnhtDp
Prices /0
C1—1; N —1
o Tnil‘wgl"it H _ -0
Prit = ) Pnt = anit
Zit i=1

Total payments for capital used in country i are proportional to
payments for labor:

N 1— u; N L

Z VntQnir = Tigkis = : witl, kit = Z Yithyif anit

n=1 i n=1
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Steady-State Equilibrium

® Steady-state equilibrium of the model:

— Time-invariant values of the state variables {an}}: ; and the other
endogenous variables of the model {w}, r;, sk;, vii;, b,*”}

- Given time-invariant values of country fundamentals {(,, z,, 77”}1,:]:1
and {Ty;, Kni}lrzztl (set ¢pn; = 1 forall n, 1)

- Denote the steady-state values of variables by an asterisk

® Steady-state gross real return to capital (R}) and the steady-state
saving rate (¢}) are inversely related to discount factor (B):

® Common steady-state realized real return to capital (v} /p}):

L =B —1+46
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Dynamic Exact Hat Algebra

Proposition

Given observed initial populations {fio}?lzl, an initial observed allocation of
N N N N N

the economy, ({aio};_ 1, {ain }i_y. {SniO}n,i:v {TniO}n,i:v {BniO}n,i:v

{Xmo}i]i:l), and a convergent sequence of future changes in fundamentals
under perfect foresight:

(=]
t=1

{{iit}li\]:l : {ﬁit}}iil ' {T”}]i\,]j:l ' {k”}l"\r]f:l} =1’

the solution for the sequence of changes in the model’s endogenous variables
does not require information on the level of fundamentals:

{{Zit}i-\; , {Uif}}iil ' {Tit}]i\,;:l ' {Kit}?,]jzl}tzl :
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Linearization

Suppose we observe population (£), wealth (a;) and the trade and
capital share matrices (S, T, B, X) of the economy at time t = 0

Suppose that the economy is on a convergence path toward a
steady-state with constant fundamentals (z, , T, %)

Use a tilde above a variable to denote a log deviation from this initial
steady-state (e.g., @ir+-1 = In a1 — Ina})

Totally differentiating the general equilibrium conditions of the model
around this unobserved initial steady-state, holding constant
countries’ labor endowment

Obtain a system of linear equations that fully characterizes the
economy’s transition path up to first-order
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Linearized Transition Path

Proposition

Suppose that the economy at time t = 0 is on a convergence path toward an initial
steady state with constant fundamentals (z, 3, T, x). At time t = 0, agents learn about
one-time, permanent shocks to fundamentals

f = [z 7 &™ g g gout },)from time t = 1 onwards. There exists a
N X N transition matrix (P) and a N X N impact matrix (R) such that the
second-order difference equation system above has a closed-form solution of the form:

a; = Pa,_, + Rf.
The transition matrix P satisfies:
P=UAU"",

where A is a diagonal matrix of N stable eigenvalues {)\k}szl and U is a matrix
stacking the corresponding N eigenvectors {uk}gzl. The impact matrix (R) is given
by:

R=(YP+Y¥Y-TI)'II,
where (Y, I', ©, II) are the matrices from the system of second-order difference
equations in the wealth state variables.
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Speed of Convergence

Proposition

Consider an economy that is initially in steady-state at time t=0 when agents learn
about one-time, permanent shocks to fundamentals

f = [z 7 & x g gou ] ') from time t = 1 onwards. Suppose that
these shocks are an eigen-shock (?(m), for which the initial impact on the state
variables at time t=1 coincides with a real eigenvector (uy) of the transition matrix
(P): Rf(h) = uy,. The transition path of the state variables (a;) in response to such an

eigen-shock (?(h)) is:

= & 17/\} / 17/\51 t
a; = Z 1_/\‘ujvjuh: Y u, = Inayi—Ina;=ALuy,
j=2 j h

and the half-life of convergence to steady-state is given by:

0 0) [

for all state variables h = 2, - - -, 2N, where Gjc0 = aznew —a
ceiling function.

and [-] is the

*
i,initial’
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Data & Parameterization

® National Income Accounts (Penn World Tables)

® International Trade (UN COMTRADE)

Capital Holdings (CPIS & Global Capital Allocation Project)

Standard values for model parameters

Parameter Value
Discount rate B 0.95
Intertemporal elasticity of substitution 0.2
Depreciation rate 6 005
Trade elasticity 0 5
Investment elasticity € 4

® Labor share (i;) equals observed value for each country in the Penn
World Tables data
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Gravity

® Fixed effects gravity equation estimation

In X, = 192\4 + 191X + 0 Indist,; + up;,

(1) (2) 3) (4)
Log Trade Trade Log Capital Capital
Distance -1.18 -0.79 -1.41 -0.63
(0.02)  (0.03) (0.05) (0.05)
Estimator OLS PPML OLS PPML
Observations 2,069 2,070 2,042 2,070
R? 0.88 0.82
Pseudo R? 0.91 0.92

® Gravity equation provides a good fit to observed data on bilateral
international trade and capital holdings
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Log change

Log change

Small Country Productivity Shock
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Impulse response to a 10 percent productivity shock to Belgium
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Log change

Log change

Impulse response to a 10 percent productivity shock to United States
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Half Lives
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® Slower convergence than closed-economy neoclassical growth model
® Different impulse responses to country productivity shocks
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Speed of Convergence

Consider special case of the model with a separation workers (hand to
mouth) and capitalists (can save) with log utility

Evolution of log deviations of wealth from steady-state
ant-‘rl - ant = (1 - ,B + ,85) (znt - ﬁnt)
Speed of convergence to steady-state

Cov ((T’nt - ﬁnt) yant)
Var (ant)

Cov ((Ent—l—l - Ent) xant)
Var (ant)

= (1—B+pJ)
First-order condition for cost minimization with common labor share
7nt = ﬁrmt - ant

where Ppp is the log deviation for a country’s own good and differs
from the consumption price index py;
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Extreme Cases

® Closed-economy Neoclassical Growth (trade and capital autarky)

— Capital autarky (ip;; — 0 for n # i): kyy = any and Vi = Ty
— Trade autarky (Tp;z — 00 for n # i): Pnr = Pnnt

Cov ((;nt - ﬁnt) vant)
Var (ant)

=M
- Intuition: Diminishing marginal physical productivity of capital
® Free Trade and Capital Autarky

— Capital autarky (ip;; — 00 for n # i): kyy = any and Vi = Ty
- Free trade (Tp;; = 1 for all n, i): ppr = Py but pur # Punt

Cov ((Vat — Pnt) s ant) 1
Vor (o) = (=p)—p

- Intuition: Imperfect substitutability in goods markets (1 < 0 < o)

— Wealth accumulation expands domestic capital and output, which leads
to a fall in the price of the domestic good, thereby reducing the marginal
value product of capital and the real return to investment
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Extreme Cases

® Trade Autarky and Free Capital
- Trade autarky (Tp;y — o0 for n # i): pnt = Pnnt
— Free capital (k,;; = 1 for all n, i): Vpy = W

Cov ((vnt - 5nt) uant)
Var (ant)

:—é(l—ﬂ)—ﬂ

- Intuition: Imperfect substitutability in capital markets (1 < € < 00)

- Wealth accumulation expands investments at home and abroad, which
raises country income, and hence spending on domestic goods, thereby
bidding up factor prices and the price of the domestic consumption
index, and hence reducing the real return to investment

® Free Trade and Free Capital
— Free trade (Tyi; = 1 for all n, i): pur = Pt
— Free capital (,;; = 1 for all n, i): Vpy = W

Cov ((R"nt - ﬁnt) :Ent)

= =0
Var (ant)

- Intuition: Equalization of real return to investment (Vy; — pnr = V¢ — Py),
which is therefore uncorrelated with initial country wealth
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) / Var(a)

v-p,a

Cov(

0.0

-0.2

-0.4

-0.6

Covariances

Free trade and capital flows: 0.0
i Matrices from the data
Autarky: -p
r Free trade, no capital flows: -1/0-(1-1/0)u
No trade, free capital flows: -1/e-(1-1/e)u
0 10 20 30 40

Eigencomponent

25/31



Counterfactuals

® New framework for evaluating policies that involve disintegration in
both goods and capital markets (e.g., U.S.-China decoupling)

® Start at the observed equilibrium in the data and undertake
counterfactuals for changes in goods and capital frictions

— 50 percent increase in US-China trade frictions
- 50 percent increase in US-China capital frictions

® Undertake these counterfactuals in

- Special case of model with goods openness (and capital autarky)
- Baseline model with goods and capital openness
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Log change

Log change

Log change

Increase US-China Trade/Capital Frictions

® Baseline model and special cases with either goods or capital autarky
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US-China Frictions Eigencomponents

® Baseline model and special cases with either goods or capital autarky
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Capital v Trade Frictions

e Different incidences across countries of higher U.S.-China capital
versus trade frictions
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Conclusions

We generalize the open economy neoclassical model to allow for
costly trade in goods and capital flows and imperfect substitutability

We simultaneously model
@ Intra-temporal goods trade subject to trade frictions
@ Intra-temporal capital allocations subject to capital market frictions
© Intertemporal consumption-savings choice (hence current account)

We show that our framework is consistent with a number of features
of observed data on trade flows and capital holdings

- Gravity equation for trade in goods and capital holdings

— Determinate predictions for gross and net capital holdings

- Relatively low capital flows to capital-scarce countries

Goods trade and capital holdings interact to shape speed of
convergence to steady-state
- New implications for impulse responses to productivity shocks
- Goods openness & capital autarky: faster convergence than closed NGM
- Capital openness & goods autarky: faster convergence than closed NGM
- Goods & capital openness: slower convergence than closed NGM

Interaction of goods trade and capital holdings is consequential for the
counterfactual impact of US - China decoupling
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Thank You
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