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Abstract

We develop a tractable multi-country overlapping-generations model and show
that cross-country differences in financial development explain three recent empirical
patterns of international capital flows. Domestic financial frictions in our model
distort interest rates and aggregate output in the less financially developed countries.
International capital flows help ameliorate the two distortions.

International flows of financial capital and foreign direct investment affect ag-
gregate output in each country directly through affecting the size of aggregate in-
vestment. In addition, they affect aggregate output indirectly through affecting the
composition of aggregate investment and the size of aggregate savings. Under cer-
tain conditions, the indirect effects may dominate the direct effects so that, despite
“uphill” net capital flows, full capital mobility may raise the steady-state aggre-
gate output in the poor country as well as raise world output. However, if foreign
direct investment is restricted, “uphill” financial capital flows strictly reduce the
steady-state aggregate output in the poor countries and it is more likely that the

steady-state world output is lower than under international financial autarky.
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1 Introduction

This paper analyzes how the recent empirical patterns of international capital flows may
affect the steady-state aggregate output at the country level as well as at the world level.
According to the conventional neoclassical theory, capital should flow “downhill” from the
rich country where the marginal return on capital is low to the poor country where the
marginal return on capital is high. As a result, world output should be higher than under
international financial autarky (IFA, hereafter). Meanwhile, there would be no difference
between gross and net capital flows because capital flows would be unidirectional.

The recent empirical patterns of international capital flows are in stark contrast to
these predictions (Lane and Milesi-Ferretti, 2001, 2007a,b). First, capital in the net
term flows “uphill” from poor to rich countries (Prasad, Rajan, and Subramanian, 2006,
2007). Second, financial capital flows from poor to rich countries, while foreign direct
investment (FDI, hereafter) flows in the opposite direction (Ju and Wei, 2010). Third,
despite its negative net positions of international investment since 1986, the U.S. has
been receiving a positive net investment income until 2005 (Gourinchas and Rey, 2007;
Hausmann and Sturzenegger, 2007; Higgins, Klitgaard, and Tille, 2007). According to
conventional neoclassical models (Matsuyama, 2004), “uphill” net capital flows reduce
aggregate output in the poor country as well as world output. It implies that the recent
wave of financial globalization is a negative-sum game where the welfare losses in the
poor country exceeds the welfare gains in the rich country. However, before evaluating
the welfare implications of international capital flows, we should first develop a model
which has the theoretical predictions in line with the empirical patterns.

Recent research offers two main explanations to these empirical facts. Devereux and
Sutherland (2009) and Tille and van Wincoop (2008, 2010) focus on the risk-sharing that
investors can achieve by diversifying investment globally. International portfolio invest-
ment is determined by the cross-correlation patterns of aggregate shocks hitting individual
economies. These models do not distinguish between FDI and portfolio investment. The
second strand of literature emphasizes the implications of domestic financial market im-
perfections on the patterns of international capital flows (Antras and Caballero, 2009;
Antras, Desai, and Foley, 2009; Aoki, Benigno, and Kiyotaki, 2009; Caballero, Farhi, and
Gourinchas, 2008; Mendoza, Quadrini, and Rios-Rull, 2009; Smith and Valderrama, 2008).
Ju and Wei (2008, 2010) show that cross-country differences in various aspects jointly gen-
erate the two-way flows of financial capital and FDI. The distinction between FDI and
portfolio investment plays a key role in their models. However, most models address the

current account determination without analyzing the aggregate output implications at



the country or at the world level.

Following the second strand of the literature, we develop a tractable multi-country
overlapping-generations model and show that cross-country differences in financial de-
velopment explain these three empirical facts. Furthermore, under certain conditions,
despite “uphill” net capital flows, full capital mobility may raise aggregate output in the
poor country as well as raise world output in the steady state. Thus, poor countries may
possibly benefit from the recent wave of financial globalization and it is feasible to achieve
Pareto improvement at the world level through international transfer policy. These results
are in contrast to the prediction of conventional neoclassical models.

Credit markets channel resources from the less to the more productive individuals. If
credit markets were perfect, production would be conducted efficiently in the sense that
the marginal rate of return is equalized across productive projects. In particular, the rates
of return on loans and equity capital would be equal to the social rate of return. How-
ever, due to domestic financial frictions, the more productive individuals are subject to
borrowing constraints. Under IFA, due to the constraint on the aggregate credit demand,
the rate of return on loan, i.e., the loan rate, is inefficiently lower, while the rate of return
to the equity capital of the more productive individuals, i.e., the equity rate, is higher
than social rate of return. Thus, financial frictions distort the two interest rates. Further-
more, since the borrowing constraints keep the investment of the more (less) productive
individuals lower (higher) than the socially efficiently level, aggregate output is also lower
than in the frictionless case; due to the distortions on interest rates, aggregate savings
are inefficiently lower than in the frictionless case and so is aggregate output. This way,
financial frictions in our model also distort aggregate output through the investment
composition channel and through the elastic savings channel.

We illustrate our major results intuitively in a two-country version of the multi-country
model. The world economy consists of two countries, country N (North) and country S
(South), which are fundamentally identical except that country N is more financially
developed. Suppose that the two countries are in the steady state under IFA before
capital mobility is allowed. Initially, the loan rate is higher, the equity rate is lower, and
aggregate output is higher in country N than in country S. Under full capital mobility,
the initial interest rate differentials drive financial capital flowing from from country S to
country N and FDI flowing in the opposite direction. Since country N has a larger credit
market, net capital flows are “uphill” from country S to country N. By receiving a higher
return on its foreign assets than what it pays for its foreign liabilities, country N obtains a
positive net investment income, despite its negative net international investment position.

Intuitively, country N “exports” its financial services through two-way capital flows and



receives a positive net return. This way, our model generates the theoretical predictions
in line with the three empirical facts.

Full capital mobility affects aggregate output in each country directly through the size
of aggregate investment and indirectly through the investment composition channel as well
as through the elastic savings channel. Take country S as an example. First, net capital
outflows directly reduce total resources available for domestic investment, which tends
to reduce aggregate output. Second, financial capital outflows reduce domestic credit
supply and FDI inflows raise domestic credit demand, which jointly raises the loan rate.
The increase in the loan rate triggers the resource reallocation from the less to the more
productive investment as well as raises aggregate savings, which tends to raise aggregate
output. The direct effect depends on net capital flows, while the indirect effects depend
on gross capital flows. Under full capital mobility, two-way capital flows imply that gross
flows are much larger than net flows. Thus, if the initial cross-country differences in
output distortions are large under IFA, the indirect effects may dominate and full capital
mobility may raise aggregate output in country S, despite net capital outflows. However,
if FDI flows are restricted, capital flows become one-way and net flows coincide with gross
flows. Thus, the direct effect always dominates so that partial capital mobility strictly
reduces aggregate output in country S.

Full capital mobility has the similar direct and indirect effects on world output. Take
financial capital flows as an example. By cross-country resource reallocation, “up-
hill” financial capital flows reduce (raise) the size of aggregate investment in country S
(N), which tends to widen the cross-country aggregate output gap. Given the concave
aggregate production with respect to aggregate investment in each country, “uphill” finan-
cial capital flows tend to reduce the steady-state world output, according to the Jensen’s
inequality. For simplicity, we call it the net investment size effect. Meanwhile, finan-
cial capital flows raise (reduce) the loan rate in country S (N), which indirectly triggers
within-country resource reallocation among investment projects as well as between
consumption and savings, as mentioned above. In particular, the indirect effects on aggre-
gate output are positive (negative) for country S (N). Since the initial output distortions
is more severe in country S than in country N, the output gains in country S dominate
the output losses in country N. Thus, financial capital flows tend to raise the steady-state
world output. For simplicity, we call it the net indirect effect. The same mechanism
applies to FDI flows. Similar as the argument for aggregate output in country S, if the
initial cross-country differences in output distortions are large under IFA, the net indirect
effects may dominate and full capital mobility may raise world output, despite “uphill”

net capital flows. However, if FDI flows are restricted, it is more likely that the direct



effect dominates and partial capital mobility reduces world output.

As widely documented in the literature (Barlevy, 2003; Hsieh and Klenow, 2009; Jeong
and Townsend, 2007; Levine, 1997; Midrigan and Xu, 2009), financial frictions distort
production efficiency in the sense that some resources are inefficiently allocated into the
less productive projects. If such distortions were not considered, the efficiency analysis of
international capital flows would be incomplete and misleading. Our model is also related
to the recent trade literature (Melitz, 2003). In particular, international trade leads to
the reallocation of market shares from less to more productive firms, which generates a
new channel for productivity and welfare gains. International capital flows in our model
generate output gains by triggering similar resource reallocation among firms.

To summarize, financial frictions distort aggregate output through affecting resource
allocation among investment projects with different productivity as well as through af-
fecting resource allocation between consumption and savings. According to conventional
neoclassical models (Matsuyama, 2004; von Hagen and Zhang, 2010), “uphill” net capital
flows affect the size of aggregate investment in each country, which reduces aggregate out-
put in the poor country as well as at the world level. As our contribution to the literature,
we show that international capital flows indirectly trigger resource reallocation in these
two dimensions, which generates output gains in the poor country as well as at the world
level. Thus, our results complement the predictions of conventional neoclassical models.

The paper is organized as follows. Section 2 sets up the model under IFA and shows
how domestic financial frictions distort interest rates and aggregate output. Section 3
shows the patterns of international capital flows and analyzes the implications on aggre-
gate output. Section 4 addresses the output implications of partial capital mobility where

FDI is restricted. Section 5 concludes and the appendix collects relevant proofs.

2 The Model under International Financial Autarky

2.1 The Model Setting

The world economy consists of N > 2 countries, which are fundamentally identical except
the level of financial development as specified later. There are a final good, which is
internationally tradable and serves as numeraire, and two types of intermediate goods, A
and B, which are not traded internationally. The prices of intermediate goods in country
i€ {1,2,...,N} and period t are denoted by vf’A and v7”. In the following, variables in
country ¢ are denoted with the superscript .

Individuals live for two periods and there is no population growth. In each country,

the population size of each generation is normalized to one and each generation consists



of two types of agents which we call entrepreneurs and households, each of mass n and
1—n, respectively.! Individuals are endowed with one unit of labor when young and € > 0
units of labor when old, which they supply inelastically to aggregate production. Thus,
the aggregate labor supply is L = 1 + € in each period.

Final goods are produced contemporaneously using intermediate goods and labor in
the Cobb-Douglas fashion. The input of labor, L, and intermediate goods, MZ’A and

i. B . . . .
M7, are rewarded at their respective marginal products. To summarize,

; (1-7a ; Yo B

. MZvA M’L,B I 1—a
yi— |k : . . o
t (1—7)04] <704> (1_a) owhere a € (0,1), y€ (0,1], (1)
L= (1= a)Y] oM = (1 =y)aYy, oM = qa]. 2)

Y, and w! denote aggregate output of final goods and the wage rate, respectively. (1 —a),
(1 —v)a and ya measure the respective factor shares of labor, intermediate goods A and
B. There is no uncertainty in the economy. In this section, we assume that international
capital flows are not allowed.

When young, individuals can produce intermediate goods from final goods and the
production takes one period to complete. Entrepreneurs and households only differ in their
endowment of production opportunities. In particular, young entrepreneurs can produce
both types of intermediate goods while young households can only produce intermediate
good A.% The rate of transformation from final goods to intermediate goods is normalized
at unity in both sectors. Thus, the price of intermediate good k € {A, B} in period ¢t + 1,

vzfl, is also the rate of return to the sector-k investment in period t.
Assumption 1. 7 € (0,7).

Assumption 1 ensures that aggregate entrepreneurial net worth is smaller than the
socially efficient investment size in sector B. In equilibrium, entrepreneurs only produce
intermediate good B and they finance part of their project investment using debt.

Individuals have an additive logarithm preference over consumption in two periods,

Uf’j =(1-p)In c;]t + fGln ci’iﬂ, (3)

!Matsuyama (2004) assumes that individuals are identical ex ante. Due to credit rationing, a fraction
of individuals are randomly chosen to become entrepreneurs ex post and this fraction is endogenously
determined. As shown in von Hagen and Zhang (2010), such an assumption is essential for the symmetry-
breaking property of financial globalization, but FDI cannot be addressed. In order to analyze the joint
determination of financial capital and FDI flows, we follow the assumption of Antras and Caballero (2009)

by assuming that entrepreneurs account for a fixed fraction of population.
2We allow for the case of ¥ = 1 where intermediate good B and labor are used in the aggregate

production. In equilibrium, intermediate good A vanishes.



where cy’t and co ++1 denote its consumption when young and when old, respectively;
j € {e,h} denotes the identity of entrepreneur and household, respectively; 5 € (0, 1]
measures the relative weight of utility from consumption when old in the lifetime welfare.

Consider any particular household born in period t. In period ¢, it receives the labor
income wi, consumes cy}tl, save s; = wi — ¢/} in the form of the investment in its own
production project zt and the loans to entrepreneurs d: at the gross loan rate R:. In
period t+ 1, it receives the project revenue vzflz'i’h and the gross deposit return Rid.. The

household no-arbitrage condition is
% 1,A
Ry = v (4)

In addition, it receives the labor income ewj, ;. It consumes the total wealth co 1 =

viit" + Ridi + ew?, | = Risi + ew 41 before exiting from the economy. Its consolidated

i,h

. an e h h

lifetime budget constraint is ¢ + “tL = W5" where W = wi + © ”1 denotes the

y,t R t > t Wi
’ t

present value of its lifetime wealth. Given the logarithm utility function (3), the household

optimal consumption-savings choices are,

C;f; = (1 - 5)Wtzh and Co 41— Riﬁwti7ha (5)
; ; ew’

s =wj — ¢y = Bwj — <1—ﬁ)#-“, (6)
t

If we assume as in the literature that individuals only have the labor endowment when
young, € = 0, or they only consume when old, § = 1, the second term on the right hand
side of equation (6) vanishes and the savings are inelastic to the loan rate. Here, we allow
for the case of elastic savings by assuming that individuals have the labor endowment
when old, ¢ > 0, and they care about consumption when young, B € (0,1). Ceteris
i > 0.

Consider any particular entrepreneur born in period ¢. In period ¢, he receives the labor

paribus, a rise in the loan rate induces the household to save more

income w!, consumes ¢-, and finances his investment i using own funds n! = wi — ¢”

y7

Y, t7
together with debts 2/ = i7° — n’. In period t + 1, he receives the project revenue vzflzi o

and the labor income ew} 41~ After repaying the debts, he consumes the rest, co,t 41 =
vpliy© — Rizi 4 ewi,, before exiting from the economy. Due to limited commitment, the

entrepreneur can borrow only up to a fraction of the future project revenue,
Rizj = Ry(iy" = my) < 0030, (7)

Following Matsuyama (2004, 2007), we use 6° € [0, 1] to measure the level of financial
development in country ¢. It captures a wide range of institutional factors and is higher

in countries with more sophisticated financial and legal systems, better creditor protection,



and more liquid asset market, etc. We assume that countries only differ in the level of
financial development, 0 < ' < 6% < ... < 6N < 1.

Define the rate of return on entrepreneurial equity capital as the equity rate,?

B e i
. RZ ’L
= Yt IR B (8B RN - 1) > R (8)

ny

where \! = Zf%
the entrepreneur gets Ui’ﬁ as the marginal return. In addition, he can borrow (Af — 1)
units of debt which provides him the extra return (v}, — Ri). The term (v;] — Ri)(\i —1)
captures the leverage effect, depending positively on the debt-equity ratio, (\i — 1) and
the spread, (vi’fl — RY). In equilibrium, the equity rate should be no less than the loan
rate; otherwise, the entrepreneur would rather lend than borrow. The inequality (8) is
equivalent to Ri < vi’_ﬁ and we call it the participation constraint for the entrepreneur.
If Ri < v} +1, the entrepreneur borrows to the limit, i.e., he finances the investment,

ii’e, using loans, GU— and net worth, n!, in period ¢. After repaylng the debt in period

t+1, he gets the return to his net worth, (1—6")v;54p°. If R = vp25, the entrepreneur does

not borrow to the limit and the leverage effect vanishes so that T' = vi’_ﬁ. To summarize,

(1=0vpai® _ (=00v o pi _ 0B
. ni s TR < v
I = - (9)
t
i,B i
Vi it R = Ut+1

The entrepreneur’s consolidated lifetime budget constraint is cy ++ o “1 — W}, where

Wi = Wi+ © t“ denotes the present value of his lifetime wealth. leen the logarithm

utility functlon (3), the entrepreneur’s optimal consumption-savings choices are,

oS =(1—B)W, and 5, = TIBW,", (10)
; ewi

ny = wj — ¢y = Buwj — (1= f)—1, (11)
t

where the entrepreneurial net worth n! is elastic to the equity rate if ¢ > 0 and 8 € (0, 1).

Aggregate output of intermediate good A and B in period ¢ + 1 are respectively
i,A )
My = (1— n)ir" and MtJrl = nil”. (12)
The credit market and the final good market clear in each country,

(1—n)di =nz, = (1—-n)(si—iy") =n@E" —nl), (13)
CtZ + [Z = Y;ti? (14>

3Since the total external values of their projects are restricted by 67, entrepreneurs cannot issue equity

after raising loans z{. Thus, equity capital is restricted by the entrepreneurial savings.



where C} = n(c;i +)+ (1 - n)(czyi'g + cé?) and Ii = nit® + (1 — n)it" denote aggregate

consumption and aggregate investment in country ¢ and period t.

Definition 1. Given the level of financial development 0°, a market equilibrium in coun-
tryie€{1,2,...., N} under IFA is a set of allocations of households, {ii" ,st, ;};, Ot} en-

trepreneurs, {iv°, nl, ¢ e Ot} and aggregate variables, {Y;Z,MZA M} wt,vt L) ,R;,Fé},
satisfying equations (1)-(2), (4)-(7), (9)-(13),

2.2 Equilibrium Analysis

For the notational convenience, we define some auxiliary parameters, m = (i Jf );, Q =
(1+€) L(14+m),0=1— %, A =1-— 7%7 B=1 +7¥. According to equations (6) and
(1 ), if e > 0and 3 € (0,1), savings are elastic to interest rates, m > 0; otherwise, m = 0
and savings are inelastic. In this sense, m is an indicator of elastic savings. As shown
below, Q is the steady-state social rate of return in the frictionless case; 8 is a threshold

value such that, for 6 € (0,0), the borrowing constraints are binding under IFA and

_ , OA oB'
0<A"<1<B' and - > 0> —. 15
A BT 06 (15)
2.2.1 Intratemporal versus Intertemporal Relative Prices
. 7, A
Let xj,1 = ‘41 denotes the relative price of two intermediate goods and we call it the

t+1
intratemporal relative price.

In period ¢, I} units of final goods are invested to produce Mtifl and ijrBl units

of intermediate good A and B in period ¢ + 1, where MZJFAl MJrl = I!. Let Ui =

i, A i,B M'L’,B

v M o . . .
1 ”lli 1 denote the social rate of return to aggregate investment. Given the
t

Cobb-Douglas aggregate production function, it is trivial to prove that Wi = %

The loan rate and the social rate of return are essentially the intertemporal prices of
household savings and aggregate savings, respectively. Let 1! = @ denote their ratio and
we call it the intertemporal relative price. Substitute away v, ﬁ using the household

no-arbitrage condition (4), the two relative prices are positively related,

Ui =gr =171 = xiu): (16)

As shown below, the intra- and inter-temporal relative prices reflect the distortions of

financial frictions on investment composition and individual welfare, respectively.



2.2.2 The General Solution to Equilibrium Allocation

The total savings of households in period ¢, (1 — 7)s!, have the rate of return R, while
those of entrepreneurs, nn}, have the rate of return I'.. In period ¢ + 1, aggregate revenue
of intermediate goods viflejrAl + vi’flMtijrBl = pLwj,, is distributed among households

and entrepreneurs. Using equations (6) and (11) to substitute away si and n!, we get

(1- 77)3th + Yy = prt—i—l = (1 - U)Rt +nl} = ttl Q. (17)
t

Let X!, denote the steady-state value of variable X} under IFA. If the borrowing con-

straints are binding, the model solutions are as follows,

e
o) e y) W
w-Spoli ) Gel ).
v e e =
wzzwémzl—%zl—H%ﬁ‘_f, 2
Xi—&-l:XiIFA: _%%:1_14_1;%91__17 (23)
i = (Get) where A5 =i - % 1)
OlnAjpy _ m(B’ - 1) + B'(1~ Ai)(% - 1) oA ’m(f—. A) 08" (25)
00’ Xopa(Bi+m)(AP 4+ m) 00 Xipa(Bi4+m)? 06

The two relative prices, xj ., and ¢}, are time-invariant. The domestic production indi-

cator A} measures the efficiency of domestic production and is time-invariant. Aggregate

(1+e)wi
(I-a) *

characterized by the dynamics of wages. According to equation (24), given a € (0, 1),
p

output is proportional to the wage rate, Y = Thus, the model dynamics are

there exists a unique and stable steady state with the wage at w'p, = <A§QF A) .
According to equations (19)-(20), € is the threshold value in the sense that for §° €

(0,0), R < T and the borrowing constraints are binding. For §* € (6, 1], the borrowing

constraints are slack, R{ = I'%, and the frictionless allocation is obtained by plugging

0" = 0 and A’ = B’ = 1 into equations (18)-(24), which are summarized in lemma 1.

Lemma 1. For 6 € [0,1], the borrowing constraints are slack and there exists a unique

and stable non-zero steady state in country i with the wage at wipa = Q7°.

10



The private and social rates of return coincide, R = Tt = Wi = le = véﬁ = wi? Q.
In the steady state, Ripy = 1pa = Vipa = Q.

Aggregate investment ﬁi 15 allocated in the two sectors, proportional to their respec-
ﬁ% and MZJFBI 'yﬂft The relative prices and the
domestic production indicator are constant at unity, Xips = Vips = Nopy = 1.

tive factor shares, Mfﬁ =(1-7)

We take this frictionless allocation as the benchmark and analyze the case of #° € (0, 0)
where the borrowing constraints are binding. In particular, we address the distortions of

financial frictions on interest rates and aggregate output.

2.2.3 Financial Frictions and Interest Rates

In the frictionless case, the private and social rates of return coincide. In the case with
financial frictions, the constraint on aggregate credit demand keeps the loan rate lower
than the social rate of return in order to clear the credit market, and entrepreneurs benefit
from the inefficiently low loan rate so that the equity rate is higher than the social rate
of return, i.e., Rl < Wi < T'i. Thus, financial frictions distort the interest rates,

which has the distributional effect on individual welfare.

2.2.4 Financial Frictions and Aggregate Output

Aggregate output in the steady state is positively related to the domestic production
indicator, Y/p, = wip, = 2 Q7P(Aip,)?. In the frictionless case, Afy, = 1. In the
case with financial frictions, A%, , < 1, if m > 0 and (or) v € (0,1). In the following, we
show that financial frictions distort aggregate output through two distinct channels, i.e.,

the investment composition channel and the elastic savings channel.

The Investment Composition Channel

In order to highlight the investment composition channel, we shut down the elastic sav-
ings channel by setting m = 0.* According to equations (6) and (11), the individual
savings become inelastic to interest rates and aggregate investment is proportional to the
aggregate labor income of young individuals, I} = fw?.

In the frictionless case, given v € (0, 1), the sectoral investments of intermediate good
A and B are proportional to their relative factors share (1 —«) and . In the case with
financial frictions, the binding borrowing constraints lead to the over- (under-) propor-

tional investment in sector A (B). Since two intermediate goods are imperfect substitutes

4t can be done by assuming that individuals do not have the labor endowment when old, € = 0, or

they only consume when old, g = 1.

11



in aggregate production, the distortion on the cross-sector investment reduces aggregate
production efficiency and the steady-state aggregate output.” This way, financial frictions
distort aggregate output through the investment composition channel. According to

equation (25), a rise in #° improves cross-sector investment and the domestic production
oAl ,  (1=AN(-1) gui

00 T X AT 00
In the frictionless case, x4z, = 1; in the case with financial frictions, the distortion on

indicator is higher, > 0, given m =0 and v € (0,1).

the cross-sector investment keeps the price of intermediate good A (B) lower (higher) than
the socially efficient level so that x4, € (0,1). According to equation (23), X%, rises
in 6 and has the maximum value of one at #* = §. Thus, a higher intratemporal relative

price reflects smaller output distortion through the investment composition channel.

The Elastic Savings Channel

In order to highlight the elastic savings channel, we shut down the investment composition
channel by setting v = 1. Final goods are produced using labor and intermediate good B.
In equilibrium, intermediate good A vanishes and only entrepreneurs produce intermediate
goods. The intratemporal relative price becomes meaningless and is substituted by the
intertemporal relative price, ¥ = y! 41, according to equation (16).

In the frictionless case, the loan rate coincides with the social rate of return and

Il = fﬁz In the case with financial frictions, the loan rate is lower while the equity

rate is higher than the social rate of return. The inefficiently low loan rate depresses the

household savings, while the inefficiently high equity rate encourages the entrepreneurial

Bwi
1+m

is lower than in the frictionless case. Thus, financial frictions distort aggregate output

savings. According to equation (18), I{ < so that the steady-state aggregate output

through the elastic savings channel. According to equation (25), a rise in 6° raises

aggregate savings and investment so that the domestic production indicator is higher,

OmAipy _ _ m Bi—1 9AT _ 1-A' 9Bi
90° Y (mtB) \ AFm 007  Bitm 00"

In the frictionless case, ¥i,, = 1; in the case with financial frictions, the constraint on

>>O,givenm>0andfy:1.

aggregate credit demand keeps the loan rate lower than the social rate of return so that
YPip, € (0,1). According to equation (22), 1., rises in 6° and has the maximum value
of one at §* = . Thus, given m > 0, a higher intertemporal relative price reflects smaller

output distortion through the elastic savings channel.

°In the New Keynesian monetary models with sticky nominal prices, a non-zero inflation rate distorts
production among monopolistic-competitive firms, which generates efficiency losses. By analogy, financial

frictions distort the cross-sector investment and aggregate output is lower than in the frictionless case.
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The Case with No Distortion on Aggregate Output

The two channels can be shut down together by setting v = 1 and m = 0. Since only
intermediate good B is produced and aggregate savings are inelastic to interest rates,
financial frictions do not distort aggregate output through the two channels, A%, , = 1,
according to equation (25). In this case, financial frictions still distort interest rates.

Proposition 1 summarizes the property of market equilibrium with financial frictions.

Proposition 1. For ' € [0,0), the borrowing constraints are binding and there exists a

unique and stable non-zero steady state in country i with the wage at wip, = (AE*“) .

Financial frictions create a wedge between the private and social rates of return, Ri <
Ul < T In the steady state, the loan rate is higher while the equity rate is lower in the
country with a higher level of financial development.

Financial frictions may distort aggregate output through the investment composition
channel and (or) the elastic savings channel, depending on the parameter values of m
and . In the presence of output distortions, the intra- and inter-temporal relative prices
reflect the distortions through the two channels, respectively, and the steady-state aggregate

output increases in the level of financial development.

3 Full Capital Mobility

We consider full capital mobility where individuals are allowed to lend and make direct
investments abroad. Without loss of generality, we assume 0 < 8! < 6> < ... < 6N <0
such that the borrowing constraints are binding in the steady state in all countries under
IFA and under full capital mobility. We also assume that all countries are initially in the
steady state under IFA before capital mobility is allowed from period ¢t = 0 on.

Let @ and €2} denote the aggregate outflows of financial capital and FDI from country
7 in period t, respectively, with negative values indicating capital inflows. Financial capital
outflows reduce the domestic credit supply, (1—7)(si—i-*)—®?, while FDI outflows reduce
the aggregate equity capital for domestic investment, nn! — Q¢. Thus, FDI flows raise
(reduce) the aggregate credit demand in the host (source) country. With these changes,
the analysis in section 2 carries through, due to the linearity of preferences, productive
projects, and borrowing constraints. In particular, financial capital flows equalize the loan
rate across the border and the credit markets clear in each country as well as at the world
level; FDI flows equalize the equity rate across the border and the world equity capital
market clears; FDI flows directly affect aggregate output of intermediate good B in each

country. To summarize,
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Y =) Q=0 R =R, T;=T7,
(L=n)(s; —ip™) = (AL = D)(gny — Q) + @, M = A(mi — Q).

Except them, the equations of market equilibrium in each country are same as under IFA.

Aggregate savings of households in all countries in period ¢, (1 —7) Zfil st, have the
same rate of return at R;, while those of entrepreneurs, 772?21 ni, have the same rate
of return I'f. In period 4 1, aggregate revenue of intermediate goods S>~ (v M, +A1 +
vy HME +Bl) =pL ZZ 1 wt 41 is distributed among households and entrepreneurs in all coun-

w = Xie @

tries. Let wy = “i denote the world average wage in period t. Using equations (6)

and (11) to subst1tute away st and ni, we get

w'UJ
(1=n)R; + I} = C;Zf Q. (26)

t

Define a country-specific auxiliary parameter, pin, = FZQ =147 +m%. Let Xrom

denotes the steady-state value of variable X under full capital mobility. The model

solutions under full capital mobility are,

ri — thrlFIFA wtirul Zi, where Zi,, = i(XFCM : Xira) [f’_/;i (27)
t t (XFCM - XIFA) + =Pt pa
R = _Hl Rips+ 1 Wtr Zhom (28)
; 1—0)R! ;
Xrom = —( T Al + 6, (29)
t
¢%CM =1-—7(1~—- X%CM) (30)
. . R
(PZ — 1 - ) 1 . tfl IFA 31
t ( n)ﬁwt [ wl Ry ( )
i i Wiy T
0 = o [1 - LT 32)
. . . w? I :
Qz (I)z — 7 1 — H._l IFA 1 — IFA 33
¢ TPy Wy { Wi {77 T3 + ( n) R; (33)
‘ (1-6)RrR; 1" 1
[ ek SR i Vo 34
ot = (B 0] ) (39

Lemma 2. Under full capital mobility, the two relative prices are time-invariant and

there exists a unique and stable steady state.

Proof. See appendix B. O]
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3.1 The Steady-State Patterns of International Capital Flows

In the steady state, witl = 1. Substituting it into equations (27)-(33), the steady-state

t
patterns of interest rates and capital flows are,

%CM = FIFA %CM» (35)

i i Ui i

Fom = pat T nZFCMu (36)

%CM = (1 - n)ﬁw%CM (1 - —IFA ) = UﬁWFCM RFCM (37>
' FOM FCM

i _ i 1— Irpa _ ZFC’M 38

rom = NBWren T TIBWFCM T ( )
FCM rem

i i i i (I'; — Rpon)
Prom T Loy = NBWrenZrom ?SM I FCMC (39)
FeMmitrom

Proposition 2. In the steady state, there exists a threshold value of the country index N
such that the world interest rates are Riygyy € (RN, R?Fﬁ] and Tepy € [FﬁVFE,FIFA)
In country i € {1,2, ...,N}, full capital mobility raises the relative prices, Xecyr > Xra
and Yooy > Wipa, the gross and net capital flows are ®ppyy > 0 > Qg and Dby, +

won > 05 the opposite applies for country i € {N +1,N+2,.., N}. Similar as under
IFA, the relative prices increase in 0°, X431, > Xecar and Wiy, > Vhoy. Gross interna-

tional investment return sums up to zero in each country, ®%cy Ricns + Qoo Do = 0.
Proof. See appendix B. O

In the presence of output distortion, the steady-state aggregate output is higher in
country ¢ € {N +1,N + 2,...,N} than in country i € {1,2,...,N} under IFA. Under
full capital mobility, country i € {N + 1, N +2, ..., N'}, which has the level of financial
development above the world average, imports financial capital and exports FDI. Since
the rate of return to its foreign assets (FDI outflows) is higher than the interest rate it
pays for its foreign liabilities (financial capital inflows), [y, > Rl country i € {N +
1, N+2, ..., N} receives a positive net international investment income, ®iy, (R, —1)+
Qs o —1) = 0= (%0, +Qoyy) > 0, despite its negative international investment
position, @4y, + Qhoyy < 0. This way, our model shows analytically that cross-country
differences in financial development explain the three recent empirical evidences.

In the following, we address the implication of full capital mobility on aggregate out-
put. For simplicity, we focus on the two-country version, i.e., the world economy consists
of country S (South) and country N (North) with 0 < 6° < 0¥ < . In other words,
country S represents the group of country i € {1,2,..., N }, while country N represents
the group of country i € {N +1,N +2, ., N}
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3.2 International Capital Flows and Aggregate Output

In the absence of output distortion, i.e., m = 0 and v = 1, aggregate output is identical in
both countries at wty, = Q77 under IFA. In the steady state under full capital mobility,
“uphill” net capital flows reduce (raise) the size of aggregate investment in country S
(N) so that aggregate output in country S (N) is strictly lower (higher) than under IFA,
which we call the investment size effect; given the concave aggregate production with
respect to intermediate goods, world output is lower than under IFA, which we call the
net investment size effect. This way, net capital flows affect aggregate output at the
country and at the world level directly through cross-country resource reallocation.

In the presence of output distortion, international capital flows affect aggregate output
directly through cross-country resource reallocation as mentioned above and indirectly

through the investment composition channel and the elastic savings channel.

3.2.1 The Investment Composition Channel

We focus on the investment composition channel by setting m = 0 and vy € (0,1). Under
full capital mobility, capital flows affect directly the size and indirectly the composition of
aggregate investment in each country. Take country S as an example. Net capital outflows
directly reduce the size of aggregate investment. Meanwhile, financial capital outflows
reduce the credit supply and FDI inflows raise the credit demand, which jointly raises
the loan rate. The rise in the loan rate induces households to reduce their investment in
sector A. Since sector A is initially over-invested under IFA, full capital mobility indirectly
improves the cross-sector investment, reflected by the rise in the intratemporal relative
price. The direct effect is negative for aggregate output and depends on net capital flows,
while the indirect effect is positive and depends on gross capital flows. Under full capital
mobility, two-way capital flows imply that gross flows are much larger than net flows.
Under certain conditions, the indirect effect may dominate the direct effect so that full
capital mobility may raise aggregate output in country S, despite net capital outflows.

For the illustration purpose, we show the steady-state patterns in a numerical exam-
ple. The benchmark values of parameters are chosen as follows: n = 0.1 implies that
entrepreneurs account for 10% of population, o = 0.36 implies that the labor income
accounts for 64% of aggregate output, v = 0.5 implies that intermediate goods A and B
have the equal factor share in the aggregate production function, § = 0.4 implies that
individuals consume 60% of their lifetime income when young and save 40% for future,
€ = 0 implies that individuals do not have labor endowment when old and thus, m = 0.
The threshold value is § = 1 — g =0.8.

Figure 1 compare the steady-state patterns of the model economy under full capital
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mobility versus under IFA, given # = §. The horizontal axes denote #° € [0,6], the
vertical axis of the bottom-right panel denotes the percentage difference of world output

under the two scenarios, while the vertical axes of other panels denote the levels.

Capital Flows Interest Rates (S) Interest Rates (N)
0.08 7 7
6 6
0.06 @S .
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Figure 1: Steady-State Patterns under Full Capital Mobility versus under IFA

The steady-state patterns of capital flows, interest rates, and the intratemporal relative

prices confirm the results in propositions 2. In the following, we focus on aggregate output.

Proposition 3. The positive investment size effect strictly dominates the negative compo-
sition effect in country N so that Yo, > Y. Given OV, there exists a threshold value
05.. For 65 € [0,0%,), the positive investment composition effect dominates the negative
investment size effect in country S so that Y3, > Yiea; for 05 € (éfc, ON), the opposite

applies. Furthermore, Yoy < Yo,
Proof. See appendix B. m

Figure 2 shows the threshold value éfo in the parameter space of (#V,0%), given
v € {0.2,0.5,0.8}, respectively. Take v = 0.5 as an example and 0y = 1 — 5= denotes
the corresponding threshold value for V. Given the assumption of 0 < 65 < gV < 6,,
the feasible parameter space of (9", 6°) is denoted by the triangular region below the 45
degree line and to the left of the middle dashed line. The downward-sloping solid line
denoted by v = 0.5 specifies 65 as a function of 0~ € (0,0,). As long as the parameter
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values are in the region above this solid line, full capital mobility reduces the steady-state

aggregate output in country S; otherwise, the opposite applies.

g° |
|
|
|
|
|
|
|
1
|
|
1=0.2 |
=0.5
T L | |
0 N 5 I
o 6, 6, o,

Figure 2: 65, as a Function of 6V: v € {0.2,0.5,0.8}

The direct and indirect effects on aggregate output in country S depend ultimately on
the cross-country differences in financial development. Given 6V, the smaller #° is, the
larger the cross-country interest rate differentials and the output distortions in country
S are under IFA. It is more likely that the indirect effect dominates the direct effect. By
the same logic, the threshold value éfc declines in 6V, given 7.

Similarly, besides the negative net investment size effect, full capital mobility affect
world output indirectly through the investment composition channel. In particular, both
financial capital and FDI flows improve (worsen) production efficiency in country S (N)
by affecting the cross-sector investment. Given 0 < §° < 6V < 6, aggregate output is
distorted more severely in country S than in country N under IFA. Thus, the efficiency
gains in country S dominate the efficiency losses in country N so that gross capital flows
tend to affect world output positively. We call it the net investment composition effect.
The net investment size effect depends on net capital flows, while the net investment com-
position effect depends on gross capital flows. According to figure 1, given the benchmark
values of parameters, the net composition effect dominates the net size effect so that,
despite “uphill” net capital flows, full capital mobility raises world output, which is
in contrast to the predictions of the conventional neoclassical models. The logic is same
as mentioned above for aggregate output in country S.

In the numerical example with v = 0.5 where financial frictions distort investment
composition under IFA, full capital mobility raises world output for 6V = § and #° € [0, 0),

while in the case of v = 1 where financial frictions do not distort investment composition
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under IFA, full capital mobility reduces world output. In the following, we analyze how

~ may reshape the world output implications of full capital mobility.

World Output (%)
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Figure 3: Full Capital Mobility and World Output: v = 0.75

For the illustration purpose, we set v = 0.75 while keeping other parameter values
same as in the benchmark case. Given #V = 0, figure 3 shows the percentage differences
of world output under full capital mobility and under IFA, with 0% € [0,6") on the
horizontal axis. There exists two threshold values: 0 < 65 < 65 < ON. For 65 € (67,65),

full capital mobility reduces world output; for 8% € (0, éf )U (67*2g ,0N), the opposite applies.

1
Plin
oN=g
S
62
|
65t }
|
B (+) LOAG)
|
N
I\ !
I\l =
NS
[
[
[ 4
L
Q Meow K
0 n 1=0.75 1

Figure 4: Full Capital Mobility and World Output: Threshold Values

More generally, figure 4 shows the threshold values 6, éf , and 9~§ in the space of
(7,0%), given 8N = . The horizontal axis denotes v € (0,1) and the vertical axis denotes
6% € (0,1). Curve PQ represents the threshold value § = 1 — 2. We focus on the case

=2
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of 0 < 0% < #N = 0, i.e., the region below curve PQ. There exists a threshold value
Yion such that if v € (n,v5c), full capital mobility strictly raises world output; if
v € (Veenr, 1), full capital mobility may or may not raise world output for 85 € [0, V).
Curve PK in figure 3 represents the two threshold values 67 and 65 as functions of .

To sum up, region A denotes the region to the right of curve PK and region B denotes
the region between curve PK and PQ. For (v, #) in region B, full capital mobility raises
world output; for (v,6°) in region A, the opposite applies.

Whether full capital mobility raises the steady-state world output depends on the
relative magnitude of the net investment composition effect and the net investment size
effect, which is determined ultimately by the interest rate differentials and the cross-

country differences in output distortion under IFA.

3.2.2 The Elastic Savings Channel

We focus on the elastic savings channel by setting m > 0 and v = 1. Under full capital
mobility, capital flows affect directly the size of domestic investment and indirectly the
size of domestic savings. Take country S as an example. Domestic investment is financed
by the difference between domestic savings and net capital outflows, I} = (1—n)si+nn!—
(@i+7). Net capital outflows directly reduce the size of domestic investment. Meanwhile,
financial capital outflows and FDI inflows jointly raise the loan rate and reduce the equity
rate, which is reflected by the rise in the intertemporal relative price. The rise in the loan
rate induces households to raise their savings while the decline in the equity rate induces
entrepreneurs to reduce their savings. In the net term, gross capital flows indirectly raise
domestic savings. The direct effect is negative for aggregate output and depends on net
capital flows, while the indirect effect is positive and depends on gross capital flows. By
the same logic as mentioned in subsection 3.2.1, under certain conditions, the indirect
effect may dominate the direct effect so that full capital mobility may raise aggregate
output in country S, despite net capital outflows.

We calculate the steady-state patterns by setting v = 1 and € = 1 while keeping the
values for others parameters same as in the benchmark case of subsection 3.2.1. In other
words, we assume that only intermediate good B is used in the aggregate production and
that individuals are endowed with one unit of labor when old and thus, m > 0. The
steady-state patterns of capital flows, interest rates, relative prices, aggregate output at

the country and at the world level are qualitatively identical as in figure 1.

Proposition 4. For 0N = 0, it always holds that Y-, > Y{¥.4. There always exits a
threshold value égs € (0,0N] as a function of O~ such that for 6° € (0, éf;s), the positive
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savings effect dominates the negative investment size effect in country S, Yoy > Yina-
Furthermore, Yo, < Y-

In general, if n € (0,0.5), there are three scenarios as follows.

1. if m € (0,1), it holds that Y3,y > Yipa, for 0° € (0, v 1_4;'12(1_77)77), and that
Yiar > Vi, for 6V € (AN gy

)

2 Ifm e (1,890 G holds that Y.y, > Y, for 05 € (0, =Y/ 1m0y

2 ’ 2

(VG 6), and that Y, > Vi, for6 € (S, MGG

2 ) 2

3. Ifm > PO i holds that Yy, > Yisa, for 05 € (0,0).
If n € (0.5,1), there are two scenarios as follows.

1. if m € (0,1), it holds that Y3,y > Yipa, for 0° € (0, v 1—4m2(1—n)n>; and that

2
1—+/1—4m2(1-n)n =
Yies > Yiia, for 0% € ( . 0);

2. If m > 1, it holds that Y3y, > Yira, for 65 € (0,0).
Proof. See the proof of proposition 3 in appendix B. n

For 0V not in the ranges specified in the three cases of proposition 4, the negative
savings effect may dominate the positive investment size effect in country N so that full
capital mobility may reduce aggregate output in country N, despite net capital inflows.

Our benchmark parameter values of €, 5, and « imply that m < 1. Thus, the first
scenario of proposition 4 applies. Figure 5 shows the threshold value ég < in the parameter
space of (8N, 0%), given € € {0.2,0.6,1}, respectively. Take ¢ = 1 as an example. Given
the assumption of 0 < 5 < #V < 6, the feasible parameter space of (67, 6%) is denoted by
the triangular region below the 45 degree line. The downward-sloping solid line denoted
by € = 1 specifies 654 as a function of 8 € (0,0). As long as the parameter values are
in the region below this solid line, full capital mobility raises the steady-state aggregate
output in country S, despite net capital outflows; otherwise, the opposite applies.
The intuition is same as mentioned in subsection 3.2.1 for aggregate output in country S.

Besides the negative net investment size effect, full capital mobility affects world out-
put indirectly through the elastic savings channel. In particular, financial capital and
FDI flows raise (reduce) aggregate savings in country S (N) by affecting interest rates.
Given 0 < §° < 9N < 0, aggregate savings is depressed more severely in country S than in
country N under IFA. Thus, under full capital mobility, the rise in the aggregate savings
in country S dominate the decline in country N so that gross capital flows affect world

output positively. We call it the net savings effect. The net investment size effect depends
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Figure 5: 054 as a Function of #V: e € {0.2,0.6,1}

on net capital flows, while the net savings effect depends on gross capital flows. Given
our parameter values, in particular, ¢ = 1 and v = 1, the net savings effect dominates
the net investment size effect so that, despite “uphill” net capital flows, full capital
mobility raises world output. The logic is same as mentioned in subsection 3.2.1.

By setting ¢ = 0.2 and v = 1 while keeping other parameter values same as in the
benchmark case of subsection 3.2.1, we calculate the percentage differences of the steady-
state world output under full capital mobility and under IFA for 65 € [0,6"), given
6N = . The patterns are qualitatively identical as in figure 3. In particular, there exists
two threshold values: 0 < 65 < 65 < 0N, such that for 65 € (5, 65), full capital mobility
reduces world output; for #% € (0, éf U (5*29 ,0N), the opposite applies.
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Figure 6: Full Capital Mobility and World Output: Threshold Values

More generally, figure 6 shows the threshold values 0, éf , and 9~*29 in the space of (e, %),
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given Y = 0. The horizontal axis denotes € € (0,1). The threshold value § = 1 — 5 is

3

independent of € and represented by line PQ. We focus on the case of 0 < 0% < §V =
i.e., the region below line PQ). There exists a threshold value €}, such that for € > €},,,
full capital mobility raises world output; otherwise, full capital mobility may or may not
raise world output. The two threshold values éf and éf mentioned above are functions
of € and represented by curve PO.

To sum up, region A (B) denotes the region to the left (right) of curve PO. For (¢, 6)
in region B, full capital mobility raises world output; otherwise, the opposite applies. The
logic is same as mentioned in subsection 3.2.1.

In the presence of domestic financial frictions, capital does not flow to the place where
the marginal product of capital is higher but to the place where the private rate of return
is higher. Thus, international capital flows may not necessarily raise world output in
our model. Such a result has a significant welfare and policy implications. As shown in
von Hagen and Zhang (2010), capital flows have opposite welfare implications to different
individuals within and across countries. As long as capital mobility can raise world output,
financial globalization is still a positive-sum game and it is possible to achieve Pareto
improvement at the world level through domestic and international transfers; otherwise,
financial globalization is a negative-sum game and strictly reduces world welfare, which

cannot be offset through international transfers.

4 Partial Capital Mobility

In order to compare with the scenario of full capital mobility, we consider here the scenario
of partial capital mobility under which individuals are allowed to lend abroad but not to
make direct investment abroad.® The steady-state patterns of capital flows and relative
prices are similar as under full capital mobility. We put the detailed analysis in appendix
A and focus here on the output implications of partial capital mobility.

The initial cross-country loan rate differentials under IFA drive financial capital flows
from country S to country N under partial capital mobility. Besides the direct invest-
ment size effect, financial capital flows have an indirect effect through the investment
composition channel and (or) the elastic savings channel. Under partial capital mobility,

capital flows are one-way and net flows coincide with gross flows. Thus, the direct effect

6There exists another scenario where individuals are allowed to make direct investment but not to lend
abroad. In that case, households in country ¢ can lend domestically, make direct investment domestically
or abroad. The non-arbitrage condition leads to the cross-country loan rate equalization, despite the

restriction on financial capital flows. The allocation is identical as in the scenario of full capital mobility.
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always dominates the indirect effect so that the steady-state aggregate output strictly
rises (declines) in country N (S) under partial capital mobility.

Besides the negative net investment size effect through widening the cross-country
output gap, financial capital flows have the indirect positive effect on the steady-state
world output through the investment composition channel and (or) the elastic savings
channel. In the case with the investment composition channel only, there exists a threshold
value by, such that for v € (vhoy, 1), there exists 05, Given OV = @, for #5 €
(O,és), partial capital mobility raises the steady-state world output; for #° € (és 0N,
the opposite applies. In the case with the elastic savings channel only, given € € (0,1),
there exists a threshold value §° such that for 65 € (55 ,0N), partial capital mobility

reduces the steady-state world output; otherwise, the opposite applies.

1 T T T T T T T T T 1
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Figure 7: Partial Capital Mobility and World Output: Threshold Values

We calculate the threshold values in the two cases and compare them with those under
full capital mobility. The left and the right panels of figure 7 correspond to figure 4 and
6, respectively. Take the left panel as an example. The dashed line refers to the threshold
values under full capital mobility, while the downward sloping curve between region B
and C refers to the threshold value under partial capital mobility. If the parameter values
of (v,60%) is in region C, full (partial) capital mobility raises (reduces) the steady-state
world output. Similar results prevail in the case with the elastic savings channel only.
Intuitively, as mentioned in subsection 3.2, the net investment size effect depends on
net flows while the indirect positive effect depends on gross flows. Under partial capital
mobility, net and gross capital flows coincide. Thus, it is more likely that the negative

net investment size effect dominates so that the steady-state world output declines.
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5 Conclusion

We develop a tractable multi-country model where domestic financial frictions distort in-
terest rates. Given the cross-country differences in financial development, the interest rate
differentials drive international capital flows and the theoretical predictions are consistent
with the empirical patterns in the recent past.

We then use this model to address the aggregate output implications of international
capital flows. Besides the direct effects on aggregate output through cross-country re-
source reallocation, both financial capital flows and FDI have the indirect effects through
within-country resource reallocations in the investment composition channel and in the
elastic savings channel. Under certain conditions, the indirect effects may dominate so
that, despite “uphill” net capital outflows, full capital mobility may raise the steady-state
aggregate output in the poor country as well as world output. Our results complement
conventional neoclassical models by identifying the two distinct channels.

Our model differs from conventional neoclassical models only in the presence of finan-
cial frictions. International capital flows ameliorate the distortions of financial frictions
on interest rates and aggregate output. The theoretical results of our model may serve as
the benchmark for further investigations on the implications of international capital flows

in the presence of increasing returns, endogenous growth, technology-promoting FDI, etc.
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A Partial Capital Mobility

Financial capital flows equalize the loan rate across the border and the credit markets

clear in each country as well as at the world level,
‘ N
Ry =R, (L—n)(s—i") =N~ L+, and Y & =0.
i=1

Except them, the equations of market equilibrium in each country are same as under IFA.

The model solutions are

Iy =240, (40)
t
Ri = “;?RZ,FA+—WL?Z;H, where 2}, = (s 1>fg;“) A (Y
. 1—60)R
Xi41 = % + 6, (42)
t
Yy =1—7(1 = Xi31), (43)
) ) wi Rz
Pl = (1 — ifq1— t—&fl IEA 44
R (44)
, AL\ , L)Y (1 — 60
Wi, = <—fw;) . where Al= <X;+1> ( — ). (45)
Q (Xtt1 — 0)PTpa
dln A i(1— &
ni t:_Xt-&;l( iW)"’? <0 (46)
8Xt+1 Xt+1(Xt+1 —07)

Let Xpcopr denote the steady-state value of variable X under partial capital mobility.
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Lemma 3. There exists a unique and stable steady state under partial capital mobility.
Proof. See appendix B. O

In the steady state, the interest rates and financial capital flows are

iFCM = iIFAa (47)
. . . . i — K

bors = Ripa + Zhoyy, where Zhgy, = XPou : fgjf‘) Ly (48)
FCM — ( W)ﬁWFCM " ) ( )

FCM

Proposition 5. In the steady state, there exists a threshold value of the country index
N such that RY,, < Rycnr < RfFfj. The world loan rate is Rycy € (R}vFA,RfFﬁ]
and the equity rate in each country is same as under IFA, oy = Thpy. In country
i€ {1,2, ...,]\7}, partial capital mobility leads to financial capital outflows, ®ppy, > 0,
which raises the relative prices, X'ooyr > Xipa and Wooyy > Vira, and reduces aggregate
output, Yy < Yipa; the opposite applies for country i € {N +1,N +2,...,N}.

The steady-state relative prices increase in 0%, X'32, > Yooy and Yiay, > ooy

Proof. See appendix B. O

World Output (%) World Output (%)

0.8

06

04

0.2

YW

éS

0 0 0

DI

Figure 8: Partial Capital Mobility and World Output

For the illustration purpose, we show the percentage differences of the steady-state
world output under partial capital mobility versus under IFA in two cases, given 8 = 0
and 0° € [0,0]. In the first case, we set v = 0.5 and ¢ = 0 while keeping the values of other
parameters same as in the benchmark case so that we feature the investment composition
channel only, while in the second case, we set v = 1 and ¢ = 1 while keeping the values

of other parameters same as in the benchmark case so that we feature the elastic savings
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channel only. The left and the right panels of figure 8 show the two cases, respectively
and the axis scalings are same as in figure 3. In each case, there exists a threshold value
65 such that for 65 € (0, 65 ), partial capital mobility raises the steady-state world output;

otherwise, the opposite applies. See section 4 for further analysis.

B Proofs

Proof of Lemma 2

Proof. The proof consists of three steps. First, we prove that equation (27) is the solution
to the equity rate under full capital mobility. If the borrowing constraints are binding, it
holds under IFA and under full capital mobility,

i Ri(1 - 0") AXir _ ﬁ _ Tra

Xt+1 = 1 +0', = 1_6 T , where Ai+1 = Xi+1 — Xira- (50)
t t

Lipa
According to equation (17), (1 — n)Rip, + nlips = Q. Substituting R! and RY,, with
It and I, using equation (26) and Ry, = ﬁ(@ —nl'% ), we solve the equity rate
from equation (50). Plug in the solution to the equity rate in equation (26) to solve R.
Second, we prove that ! 41 is constant under full capital mobility. Let us assume
that x},, is time variant and so is the auxiliary variable Z;,, defined in equation (27).

According to equation (27), the equity rate equalization in country ¢ and N implies that

; ; AY! AxN 1 1
IFA — Zt+1 = I-_‘?[FA - Zt]j-la = (1 - 77) (1 _Hé; - 1 _t;—]i] = pyFA - pi[FA’ (51)
= = > 0. 52
Using equations (27) and (32), we rewrite the condition, 31V, Qi = 0, into
N
> Ziwia =0 (53)
i=1

Given the Cobb-Douglas production function, wi,; = (x},;)"”(R;)~?. Combining it with

the loan rate equalization, R} = R, we rewrite equation (53) into

i i PrraAxi (AXi + XTra)??
E Ki1 =0, where K, = A t;“ n t+179i , (54)
i=1 Xt'H (1*77)172}1714
a’qﬂ j 1 P
o _ ki : + : , > 0. (55)
i t+1 . R . i
aAXt+1 Axi_ﬂ [%Axiﬂ + 1] AXt+1 + X7ra
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Substituting Ay, with Ax}; using equations (51), the left-hand side of equation (54)
becomes a monotonically increasing function of Axi\_’H,
N 4 N i i
0% -1 Kina Kt OAXi 4

Zea=l Tl , > 0. 56
OAXN, 121 OAXG, 1 OAXD, (56)

For Ax7%, = 0, equation (51) implies that Ay}, , > 0. Given Ay}, > 0, Ki,, > 0. Thus,
the left-hand side of equation (54) is larger zero for Axp; = 0. There exits a unique
solution to Ax%; which is smaller than zero and time-invariant. Using equations (51),
we can then solve Ay, for i € {1,2,..., N — 1}, accordingly.

Finally, we prove the existence of a unique and stable steady state under full capital
mobility. Xj; is time-invariant and so is Z},,. Let Ripcy = Ripa + 72 Zheyy which is
same across countries, Ryoy; = Rpcps. Thus, the loan rate depends on the dynamics of
the world-average wages and so is the wage in country i,

Wik -’
A _ + * ) PY
Wiy = (_ww RFCM) (XFCM) .
t

The dynamics of the world-average wages are

N i w —-p N % pY
WP — D1 Wit _ [ Wit R > ic1 (XFem)
t+1 N w;ﬂ FCM N )
11—«
« N i
w wy’ Ziﬂ(X%CM)m
thrl - * N
FCM

Given a € (0,1), the phase diagram of the world-average wage is concave. Thus, there
exists a unique and stable steady state. Proportional to the wage, aggregate output in

country ¢ is determined by the world output dynamics. O]
Proof of Proposition 2

Proof. According to equation (20), the steady-state loan rate in country ¢ monotonically
increases in ¢° under IFA, which together with equation (37) and the world credit market
clearing condition, Zi\il %o = 0, implies that there exists a threshold value of the
country index N such that Z}VCM >0 > Z}Vg& Thus, the world loan rate is Riq), €
(RN, 4, R?Fﬁ]. According to equations (17) and (26), it holds in the steady state that
(I =n)R, + 0y = Q, where j € {IFA,FCM} denotes the scenario of IFA and full
capital mobility. Thus, %y, € [N TN, ).

Given that Zi,,, monotonically increases in Ay, and Ricy € (RN, RN, it

is obvious that full capital mobility raises the relative prices in country i € {1,2, ..., N 1

Xrom > Xipa and Yien, > Yips. The gross equity premium is by definition, ﬁ =
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1-6° d th t lizati : lies that I Xrenm 1_X§5‘+C]:M _ X%JFC%M_X%CM
Voo, =g and the cross-country equalization implies that — = G776t = SEGHT=E >

0. Given #F1 > @' it holds that x4y, > Xeoy- According to equation (30), we

get Yitl,, > hoy,. Similar as under IFA, the relative prices under full capital mobil-
ity monotonically increase in 6. According to equations (37) and (38), the changes in
the interest rates imply that in country i € {1,2,...,N}, Phcns > 0 > Qhny,. Since

om > Riyou, the steady-state net capital flows have the same sign as Z,,, according
to equation (39). Thus, @by, + Lopy, > 0 in country i € {1,2,...,N}. The opposite
applies to country ¢ € {N +1,N+2,.., N}.

According to equations (37) and (38), the gross international investment returns are

R}:“CM‘PZFCM + F*FCMQZFCM = PW%CM(l - n)(waCM - Z;;“CM) = 0.

Proof of Proposition 3

Proof. According to equations (17), (26), (34), the steady-state relative prices, interest
rates, and wages have the same relationship under full capital mobility and under TFA,
i iNYP( i\ —p i R; i i i i
wi = 0GP X = =0+ 0 i+ -k = Q. (57)
J

where j € {IFA, FCM?} refers to the scenarios of IFA and full capital mobility, respec-
tively. Under full capital mobility, whay, = (Xeoar)? (Reon) s Ricy = RNy and
Xeom < XXoar jointly imply that wg oy, < wiay, or equivalently, Yo, < Y20,

For the notational convenience, we normalize interest rates by Q and deﬁne two aux-
iliary variables, 1 = % and p} = % Equation (57) implies that 7} = 1%21 Given ', w}
is a function of the normalized equity rate p?,

; 1 [(1 — Qi)r§
W _—

P
=— 4 0 ()"

The allocation under IFA is a special case of that under full capital mobility where §° =
ON. In the steady state, given 6°, the world equity rate changes with 6"V and the wage

rate in country S changes accordingly. The first derivative of wji- with respect to p§- is

. i [A=r)? i [ iy (1—
Ot i 0 [ . +ﬁ}—rj [rj—(1—9)<1_g>]

—L =wip = (59)
op; (1= 6%)r5 + 0°ps]pyr;
Since 80“‘}i = 15, > 0, we get Al = i:—;}’ for 0 = 0.
, Al , 1— (1 — , (1 -
SO L . T P ks S W)L e B S et
m+ 1 1—n 1—n J 1—n
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. . . . L. Owt
The second component in the numerator of equation (59) is strictly positive. o f has the
same sign as the numerator /\/’? =6 (1 )y —} -7 [r? (1 91) 4= ] If ./\/'Z >0, a

J
1f/\/'2

ow?
J<O
p

marginal decline in 7" keep

m+B*
m+1

steady state under IFA by substituting p%, and %, , into equation (59), we get

According to equations (19)—(20), Popa = and rip, =

m+1 :

Ouipy _, [A'B'—m®— (B'+m)BE=II(1 — A (m + 1) (60)
Opip, | IFA (m + ADY(m + B))(m + AiBi)

We first consider the case with the investment composition channel only, i.e., m =0

and v € (0,1). Equation (60) is simplified into

Owipa : 0'(0 - 0')
ODrra A (1—n)2(A")2B (61
For 6 = 0 or 0 = 4, g‘“gFA = 0; for ' € (0,0), g‘”gm > 0.

Consider country N. Full capital mobility reduces the steady-state loan rate, which
raises the numerator A}V of equation (59) For OV = 0, N\, = 0. Thus, it always hold
that NA-,, > NN, = 0 or equivalently, o }GCM > 0. Thus, by raising the steady-state
equity rate, full capital mobility raises the steady—state aggregate output, Y, > Y.
By analogy, we can prove that Y %,,, > Y5, for 6Y € (0,0).

Consider country S. Full capital mobility raises the steady-state loan rate, which re-
duces the numerator N of equation (59). For #° = 0, Nj, = 0. Thus, it always hold
that N2oy, < Niwy =0 or equivalently, = WL < 0. Thus, by reducing the steady-state
equity rate, full capital mobility raises the steady—state aggregate output. For 0% € (0,0V),
&;éi > 0 and N2oy < Niwy. If 6 is slightly lower than 0% it is likely that N2q,, is

g IFA

S
still positive, or equivalently, apg cM > (). Thus, by reducing the steady-state equity rate,
FCM

full capital mobility reduces the steady-state aggregate output, Y2, < Y. In con-

trast, for @5 much lower than 6V it is likely that N2.,, < 0, or equivalently, Zﬁgﬁ < 0.
Thus, by reducing the steady-state equity rate, full capital mobility raises the steady-state
aggregate output Y- > Yi5.4. Thus, there exists a threshold value 65, such that for
05 € (0,0%,), Yo, > Vi, and for 65 € (65-,0V), the opposite applies.

Let us then consider the case with the elastic savings channel only, i.e., m > 0 and
v = 1. Equation (60) is simplified into
[A'B" — m?](1 — AY)(m + 1)

Ty P ‘ - — 62
OWipa | A (m+ A)(m + BY)(m + ABY) (62)

The sign of “ira depends on the numerator [A’B* —m?|(1 — A%) = [% - m2] Gy
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For ¥ = @, the numerator is equal to zero and o fF 4 = (. As mentioned above
PIFraA

for the case with the investment composition channel, full capital mobility strictly raises
the steady—state aggregate output in country N. For #° = 0, the numerator is smaller
than zero and 2224 < (), By analogy, full capital mobility strictly raises the steady-state

9Py Fa
aggregate output in country S.

m2
H 777777
1 L — 4 - - - - —
0 ] il 0 L 92 ) _
0 o' 0 0 o' ] 0 o' 0
m2
I I
m?2
0 ; | _
0 o' 0 0 o' 0
Figure 9: Threshold Values under Various Scenarios
Figure 9 shows all possible cases on the relative size of ‘- 9) and m? where the three

panels in the first row show the cases with 1 € (0,0.5), the two panels in the second row

show the cases with n € (0,5,1), and the horizontal axis shows 6 € (0, 6).

Given n € (0,0.5), El_e)) is a hump-shaped function of #° € (0,1 — ). In particular,
> 1.

1-0) ¢ (0, 7= ) and point H denotes its highest value ;

n(1-n) 7 dn(1— ( n)

o If m € (0, 1) there exists a threshold value §, = Y =020 (o that, for

2

0’ € (0,6,), } z)) m? (6 9) < 0 and, for 6" € (6y,0), the opposite applies.

and

o If m € (1, M) there exists two threshold values , = — 1_4;12(1_77)77

fy = VI ok that for 67 € € (61,6,), CU=0) _ 2| C=2) 5 0 and, for

2 n(1-n) L=n
0 € (0,6,) U (62,0), the opposite applies.

33



o If > U= 4oy gi ¢ (0,0), it holds that 0000 _ 2| 0=
2 n(1-n) 1-n

Given n € (0,0.5), 9:)8:?};) is a monotonically increasing function of 6* € (0,1 — 7). In

. 0t (1—0°
particular, ng—n)) (0,1).

e If m € (0,1), there exists a threshold value ; = Ty 1_4?2(1_77)77 such that, for

0" € (0,0,), [9;8:%) — mz} ((;1:—9;) > 0 and, for ' € (0y,6), the opposite applies.

o If m > 1, for 0 € (0,0), [% _mz] ((51—_97:) < 0.

By the same logic as in the case of the investment composition channel, we can prove the

results in the five scenarios of Proposition 4. O
Proof of Lemma 3

Proof. Combining equations (41) and (45), we rewrite the dynamic equation of wages,

lanH:—plnRZ‘—i—fypln< L:t R:( - ) —1—9’) : (63)
Wit1 IFA

The first and the second derivatives of wf_, with respect to w; are

awi;l . W§+1 P (0 WZ+1)
A € \Y—
owy wi py+1+

Xi+1*9i t

%

i i i i i i i -1
awtﬂ _ _awtﬂ Wi (Wtfl _ awtﬂ) { Wi (1+ ) + 4 .FIFAl
02wy ow; (wy1)? \ wi owy Wiy 1—-0" Ry

. Ow? w? Ow? . .
Since -+ € <0, ;T), we get —; 5+ < 0. Thus, the phase diagram of wages is a concave
t t t

function under partial capital mobility if the borrowing constraints are binding.

According to equation (63), for w! = 0, the phase diagram has a positive intercept on
the vertical axis at wi,; = (R})~(6")). Define a threshold value &} = T o (RE) T
For wi € (0,@}), the phase diagram of wages is monotonically increasing and concave. For
wi > W! aggregate saving and investment in sector B is so high that the intratemporal
relative price is equal to one, or equivalently, R! = v,f’fl. Thus, the borrowing constraints
are slack and the phase diagram is flat with wj, ; = @}, = (R;)™". Given R} < Q < I'jp,,
we get W, ; < w;. In other words, the kink point is below the 45 degree line.

Thus, the phase diagram of wages crosses the 45 degree line once and only once from
the left, and the intersection is in its concave part. Thus, the model economy has a unique

and stable steady state under partial capital mobility. O]

Proof of Proposition 5
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Proof. Following the proof of proposition 2, there exists a threshold value of the country
index N such that Rpeas € (RﬁCM, Rg&b] In the steady state, partial capital mobility
raises the relative prices and equation (46) implies that partial capital mobility reduces
aggregate output in country i € {1,2,..., N}, i.e., Xoear > Xipar Yoo > Vipy, and
Yien < Yiea. The opposite applies to country i € {N +1,N 4+2,..., N}.

In the steady state, '), = I'p 4 and equation (19) imply that [y, > TG, The

loan rate equalization implies that

i 1— 1_X§>CM _ i+l 1_1—X§D+01M = 1_XjPCM > 1_XiFJ’rcl‘M
PCM 1— @ - T PCM 1 — @i+l ’ 1— 6 1 — i+l
1-60'>1-0"", = 1= Xpeu > 1~ Xdou

Thus, the steady-state relative prices rise in 6%, i.e., X535, > Xpoy Given wheoy, =

i P R
[—(X’iCCM )7] , the steady-state wage under partial capital mobility also rises in 6. ]
PCM
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