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TWO-WAY CAPITAL FLOWS AND GLOBAL IMBALANCES*

Pengfer Wang, Yi Wen and Zhiwer Xu

This article shows how underdeveloped financial markets in emerging economies can explain the
pattern of two-way capital flows between emerging economies (such as China) and the developed
world (such as the United States). Our calibrated model reproduces China’s rising financial capital
outflows and FDI inflows as well as its massive trade imbalances in recent decades. Our model also
predicts that global trade imbalances may be sustainable even in the long run and the conventional
wisdom that the ‘saving glut’ of emerging economies is responsible for the global low interest rate
may be wrong.

The pattern of international capital flows is a long-standing puzzle. Lucas (1990)
ponders why capital does not flow from North (developed countries) to South
(developing countries) even though it is scarcer and commands a higher rate of return
(or marginal product) in the latter. The standard neoclassical growth theory attributes
the high marginal product of capital (MPK) in the South to low household savings,
thus predicting a capital flow from rich to poor countries. But in fact savings abound in
many emerging economies and massive amounts of capital have been flowing into rich
countries over recent decades.

To explain the ‘reverse’ capital flow puzzle, the mainstream literature on global
imbalances argues that the rate of return to capital is actually lower (rather than
higher) in developing economies because of a savings glut (Bernanke, 2005). Hence,
capital moves in the reverse direction — from South to North.

However, the reverse capital flow puzzle is partially a fallacy of aggregation. In reality,
fixed capital does flow mainly from North to South, in the form of foreign direct
investment (FDI). It is financial capital (portfolio investment) that has been flowing in
the opposite direction. Since historically the ‘uphill’ flows of financial capital dominate
the ‘downhill’ flows of fixed capital, the net aggregate capital flow (financial plus
fixed) shows the reverse pattern.

For example, during the 2000-11 period, industrial countries as a whole had net
financial capital inflows (including foreign reserve decumulations) averaging $498
billion per year and net FDI outflows averaging $295 billion per year. In contrast, the
less developed countries (LDCs) as a block had net FDI inflows averaging $246 billion
per year and net financial capital outflows (including foreign reserve accumulations)
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averaging $354 billion per year. These opposite movements (or diverging trends) in
financial and fixed capital flows have been growing over time. In the meantime,
industrial countries have been running large and persistent trade deficits with the South.
The major countries contributing to such global imbalances are the US (representing
developed countries) and China (representing LDCs in recent years). In particular,
China is now both the largest holder of foreign reserves (more than $3 trillion by the end
of 2011, mostly US government bonds) and the largest recipient of FDI (more than
$1.4 trillion by the end of 2011) among developing countries, as well as the main
contributor to global current account imbalances (with an average surplus of over
$250 billion peryearin the 2005-11 period). In contrast, the US s the largest importer of
financial capital from developing countries and the largest exporter of FDI to the South.
Meanwhile, the US is also the country with the largest trade deficit (with an average
current account deficit of over $600 billion per year in the 2005-11 period).

Despite the importance of FDI in North—South trade and its growing significance in
rebalancing international capital flows and national current accounts, the bulk of the
existing literature on global imbalances does not distinguish financial capital from
fixed capital flows. Failing to distinguish these two forms of capital flows not only
obscures the reality but may also impede correct theoretical analysis and empirical
testing with different models aimed at explaining capital flows and the associated
global imbalances.

This article provides a framework to explain the two-way capital flow puzzle by
augmenting the neoclassical growth model with financial frictions under incomplete
markets. Specifically, following the approach of Gourinchas and Jeanne (2013), we
augment the neoclassical growth model with two wedges: one that distorts firms’
investment decisions and another that distorts households’ saving decisions. However,
unlike in Gourinchas and Jeanne’s (2013) approach where the wedges are ad hoc black
boxes, in our approach these wedges are explicitly derived through financial frictions,
thus providing micro foundations for these theoretical constructs.

Our story proceeds as follows. Due to an underdeveloped banking-credit-financial
system, both households and firms in the South are severely borrowing constrained. As
a result, households opt to save excessively to self-insure against unpredictable shocks,
and firms have to rely heavily on internal cash flows to finance fixed investment. Since
domestic savings by households cannot be effectively channelled to firms where fixed
capital formation takes place, fixed capital is scarce in the production sector while
savings are abundant in the household sector. In such a world, the rate of return to
financial assets can be significantly lower than that of fixed capital. In China, for
example the real rate of return to fixed capital has consistently been over 20% in
recent decades while the real rate of return to financial capital (such as bank deposits
and short-term bonds) has been negative (Bai et al., 2006). Despite such an enormous
gap, households in China save excessively and the bulk of their savings is in the form of
bank deposits (Wen, 2009). This enormous arbitrage opportunity implies that financial
liberalisation between the South and the North will trigger two-way capital flows.
Because it is relatively easier for financial capital to flow internationally than for fixed
capital to be shipped abroad (e.g. due to transaction and transportation costs), the
former will dominate the latter in global capital flows, resulting in short-run current
account imbalances. In addition, because the rates of return to fixed and financial
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capital differ, the net income (interest) payments on the opposite capital flows do not
cancel out, further contributing to global trade imbalances even in the long run.

Therefore, in contrast to the standard neoclassical theory which attributes high MPK
in the South to low household savings, we show how the lack of an efficient financial
system in the South can lead to insufficient investment on the firm side but a savings
glut on the household side, resulting in a high MPK and a low interest rate at the same
time. These wedges in rates of return drive the observed two-way capital flows between
developing and developed countries and the current account imbalances. More
importantly, we show that such two-way capital flows can sustain permanent trade
imbalances even if the current account is perfectly balanced at zero."

Our analysis is related to a large and growing literature on global imbalances. Ju
and Wei (2010) study two-way capital flows in a static non-neoclassical model with a
focus on corporate governance and property rights. Caballero et al. (2008) attribute
the global imbalances to the South’s inability to generate saving instruments, leading
to the reverse capital flow after financial liberalisation. Mendoza et al. (2009;
hereafter MQR) blame the global imbalances on the heterogeneous degrees of
financial development between developed and developing countries. Such heteroge-
neity implies that households in the North prefer riskier equity in their portfolios
than do households in the South, causing the South to maintain a positive net asset
position in risk-free bonds. Similar to MQR (2009), Angeletos and Panousi (2011)
ascribe global imbalances to heterogeneous degrees of idiosyncratic risks between the
North and the South. Outflows of financial capital from the South are driven by its
low interest rate under the precautionary saving motives. Like us, Angeletos and
Panousi (2011) allow firms to accumulate fixed capital and their model can also
generate a wedge between the MPK and the real interest rate. In contrast to our
study, however, theirs does not consider FDI and two-way capital flows. Related works
also include Ohanian and Wright (2007), Carroll and Jeanne (2009), Durdu et al.
(2009), Wen (2009, 2011), Buera and Shin (2010), Sandri (2010), Chien and Naknoi
(2011), Song et al. (2011), Andolfatto (2012) and Gourinchas and Jeanne (2013),
among many others.?

However, the bulk of this literature does not distinguish between financial capital
and fixed capital flows.> As such, many of the models that are proposed to explain the
global imbalances are simply inconsistent with the empirical pattern of the two-way
capital flows and trade imbalances. Typically, because no distinction is made between
household savings and firms’ fixed capital stocks, to explain the reverse capital flow
such a model would imply excess domestic savings in the form of tangible capital
goods, which are rented out to foreign firms as a form of capital outflows (Carroll and

! That is, imbalanced trade exists even if financial capital flows and fixed capital flows exactly cancel
(balance) each other — because the cross-country net factor payments do not necessarily cancel each other
due to the investment wedge.

? This literature does not address the main issues raised by Wen (2011), especially the positive relationship
between China’s high saving rate and rapid income growth rate and the connection between capital controls
and trade.

* Even in the model of Ju and Wei (2010), there is only one form of capital that flows in and out to form a
two-way flow circle. For example, it flows out to bypass domestic regulations and then flows back. Capital flows
in the form of FDI are not explicitly modelled.
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Jeanne, 2009). This particular form of capital outflows from the South to the North is
inconsistent with the empirical facts.*

The work closest to ours is MOQR (2009). Our approach complements that of MQR in
several aspects. In contrast to our full-fledged dynamic model, MQR’s model assumes
that the stock of aggregate capital is fixed in each country and there is no labour
market and so there are no cross-country fixed capital flows by assumption.5 Most
importantly, FDI is modelled by MQR as purchases of foreign firms’ equities. While
foreign equity holding is a special form of FDI, it is no longer the major form of FDI.
Data show that the currently dominant form of FDI involves setting up new firms or
establishing new affiliates in foreign countries by exporting technology-embodied
fixed capital and receiving factor payments as capital owners. For example, based on
the total non-financial capital outflows from the US to the rest of the world (ROW), the
particular form of FDI assumed in the model of MQR (2009) accounts for less than
38% of total FDI, leaving more than 62% of US FDI unexplained. In contrast, the
specific form of FDI studied in our article accounts for more than 76% of US FDI
outflows to China. Also, the new establishment of affiliates (or firms) with ownership
fully belonging to foreigners accounts for 80% of China’s total inward FDI from
developed countries in 2009 and 2010 and this number is still growing.® Therefore, our
approach represents a big step towards understanding the mechanisms of FDI and its
role in global imbalances.

Moreover, the model of MQR generates a trade surplus for the US in the longer
term. In their model, the interest payment on the inflow of financial capital from
developing countries outweigh the returns from outward FDI, and so the US net
foreign income payment is positive in the steady state. Hence, their model does not
support the notion that the persistent US trade deficits with China and the ROW may
in fact be sustainable in the long run.”

The rest of the article is organised as follows. Section 1 presents stylised facts about
the two-way capital flows between China (representing the South) and the US
(representing the North). Section 2 introduces an extremely simple toy model to
illustrate how our story can explain the stylised facts. Section 3 presents our full-fledged
dynamic model. Section 4 studies the conditions for generating two-way capital flows.
Section 5 provides quantitative predictions and Section 6 concludes the article.

* On the other hand, a model that can generate low interest rate through precautionary savings would also
imply low MPK (Aiyagari, 1994) but in the data countries with saving gluts have high MPKs.

” However, they allow non-reproducible managerial capital or human capital to be reallocated across
borders.

% See the online Appendix C.1 for details of the classifications and compositions of FDI in the US and
China.

7 In addition, the model of MOQR rules out any aggregate risks to reduce computational burdens. Without
aggregate uncertainty, their model generates only a small risk premium for the rate of return to FDI (i.e.
holdings of foreign capital stocks) and this small risk premium leads to a positive net factor payment (interest
payment minus FDI earnings). To overcome the computational challenge under aggregate risk, Chien and
Naknoi (2011) simplify the MQR model to a pure endowment economy and use a special algorithm to solve
the model numerically. They show that with aggregate uncertainty (stochastic output growth), the model can
generate a large risk premium between equity and risk-free bonds and thus is able to generate long-term
trade deficits for the US. However, their model is not suited for studying the two-way capital flows discussed in
this study because it is an endowment economy without capital. Our approach can easily handle any number
of aggregate shocks without having to rely on aggregate risk to generate high returns to FDI because we
consider an entirely different channel of FDI.

© 2015 Royal Economic Society.
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1. Stylised Facts

We decompose global capital flows into financial capital flows and non-financial capital
(FDI) flows. We first use data from China to represent developing countries (South)
and those from the US to represent the developed world (North).® We begin with the
following three observations.

OBSERVATION 1. China (the US) is a net exporter (importer) of financial capital and a net
importer (exporter) of L’

Figure 1(a) shows the net foreign asset positions of the US with respect to China. In
particular, the dark line with a positive trend shows the accumulated net FDI outflows
from the US to China as a share of US GDP (left axis) and the grey line with a negative
trend shows the accumulated net financial capital inflows from China to the US as a
share of US GDP (right axis). Figure 1() plots the net foreign asset positions of China
against ROW (mostly developed countries). The grey line with an upward trend
indicates China’s total accumulated net financial capital outflows, which accounts for
about 50% of the country’s GDP in 2010. The dark line with a downward trend shows
China’s total accumulated net FDI inflows, which account for about 20% of the
country’s GDP in 2010.'°
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Fig. 1. Two-way Capital Flows

8 Online Appendix C.1 provides details about the data series used in this subsection.

9 Following Ju and Wei (2010), we define net FDI outflows = (FDI asset — FDI liability) and net financial
capital outflows = (total foreign asset — FDI asset) — (total foreign liability — FDI liability). This definition
is equivalent to define net financial capital outflow = (portfolio equity assets — portfolio equity liabili-
ties) + (debt assets — debt liabilities) + (financial derivatives assets — financial derivatives liabilities) + (for-
ei%n exchange reserves — gold).

? Because China has been growing much faster than the ROW, its FDI inflows appear to have slowed in
recent years relative to its GDP (Figure 1(b)). However, absolute magnitude has been accelerating. For
example, the US FDI to China does not show such a declining pattern as a share of US GDP.

© 2015 Royal Economic Society.
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Fig. 2. Differential Asset Returns in China and US

OBSERVATION 2. China has a significantly higher rate of return to fixed capital and a
significantly lower rate of return to financial capital than the US.

Figure 2(a) compares the before-tax real rates of return to fixed capital in China
(grey) and the US (dark). China’s capital return stayed at a very high level over the
entire sample period, with a mean of 23% per year. In contrast, the rate of return to
fixed capital in the US was significantly below that of China, with a mean of about 10%
per year. The spread remained highly persistent over the entire sample period with
only a slight decline in the mid-1990s.""

Figure 2(b) shows that there is also a systematic difference in the rates of return to
financial capital between the two countries but the spread is reversed. For example, the
annual real interest rate (defined as the risk-adjusted annual lending rate) in the US
(dark) is about 6% (per unit of risk) on average, whereas that in China (grey) is about
1% (per unit of risk) on average. Table 1 also shows a systematic cross-country gap of
about 3 percentage points in the real interest rates (not adjusted for risk) when bank
deposit rates and government bond rates are compared.'?

OBSERVATION 3. China has a less developed financial market than the US.

Figure 3 shows that private credit-to-GDP ratios in both China and the US have been
rising gradually over time, which may indicate financial improvement in both
countries. However, the disparity between the two countries is large and shows no

1 The after-tax rate of return in China was about 18% whereas that in the US was about 7%. Therefore,
even after taking tax adjustments into account, the rates of return to fixed capital in the two countries were
still significantly different. We also calculated the US rate of return to fixed capital through Poterba’s (1998)
method but the result changes little.

'2 Risk adjustment means dividing the interest rate by the relative standard deviations. The real rates in
Table 1 are computed using the CPI inflation rate in each country. US data are from FRED (Federal Reserve
Bank of St. Louis). Chinese data are from the People’s Bank of China.

© 2015 Royal Economic Society.
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Table 1
Real Interest Rates (Annual, 1990-2011)

One Three Six One Two Three Five
Period month months months year years years years

China (inflation rate = 4.78%)

Deposit rate (%) —3.60 —1.79 —0.93 —0.13 0.44 1.01 1.62
Govt. bond (%) —9.67 —92.58 ~1.88 177 ~1.35
US (inflation rate = 2.75%)

CD (%) 1.07 1.15 1.26

T-bill (%) 0.69 0.80 1.18 2.06

2.2 T T T T T

1.0F LN
: : : : China
0sp ST |[=—us
1990 1995 2000 2005 2010

Fig. 3. Financial Development in China and US

signs of diminishing over time. We obtain similar results when using other measures of
financial development.ls

The two-way capital flow pattern shown in Figure 1 also exists in other major
emerging economies and developed countries.!* We first look at the pattern for the
developed world, using data from 21 developed countries analysed by Ju and Wei
(2010)."° Figure 4(a) shows that the developed countries as a whole, just like the US,

% We follow the existing literature (King and Levine, 1993) by using the total private credit-to-GDP ratio as
a measure of financial development because this variable captures the ability of financial intermediaries to
allocate credit. A persistently higher ratio thus indicates a better financial system. The online Appendix C.2
presents more detailed empirical evidences on the measured gap of financial development between China
and the US.

" The definitions of capital flows are the same as those in footnote 9. The series are measured in billions
of dollars. The data set was updated from Lane and Milesi-Ferretti (2007) and the sample period is from 2000
to 2011.

15 These countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, UK and the
US.

© 2015 Royal Economic Society.
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Fig. 4. International Two-way Capital Flows

exhibits a very significant two-way flow pattern, with net financial capital inflows
(grey line) and net FDI outflows (dark line). Also, the net total asset position
for the developed world is negative (dashed line), suggesting the reverse capital-
flow pattern. We next look at the pattern for the emerging markets, using data
from 22 emerging economies analysed by Ju and Wei (2010).'° Figure 4(b)
shows an upward trend in net financial capital outflows (grey line) and a
negative trend in net FDI inflows (dark line), just the opposite of the trends in

developed world.

2. A Toy Model

We present first an extremely simple, two-country general-equilibrium toy model to
illustrate the intuition and main thrust of our story, before proceeding to a more
sophisticated full-fledged dynamic general equilibrium model in the next Sec-
tion (for calibration and quantitative exercises). The toy model economy has two
countries, labelled % (home) and f (foreign). Each country is populated by a
continuum of heterogeneous households indexed by i € [0,1] and a representative
firm. The foreign country is frictionless and the home country has financial
frictions. We focus on the home country and drop the country index unless
confusion may arise.

2.1. Households

Households live for two periods, period 1 and 2. They each supply inelastically one unit of
labour in period 2 and consume in both periods, the first period income is drawn from an

' This country group includes Argentina, Brazil, Chile, China, Colombia, Egypt, Hong Kong SAR, India,
Indonesia, Israel, Korea, Malaysia, Mexico, Morocco, Pakistan, Peru, Philippines, Singapore, South Africa,
Thailand, Turkey and Venezuela.

© 2015 Royal Economic Society.
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endowment and the second period income from past savings in period 1 and wage
income in period 2. In particular, a household ¢ maximises its lifetime (linear) utility,

Oic1i + Beais (1)
subject to the following budget constraints and borrowing constraint:
a;=H —s;, (2)
i = siky + W+ D, (3)
5i> — B, (4)

where ¢; > 0 is consumption in period 1, ¢; > 0 is consumption in period 2, H is
endowment in period 1, R, is the gross interest rate on savings, Wis wage income in
period 2, D is profit income from firms in period 2 and B > 0 is the maximum amount
a household can borrow in period 1. Also, 0; is a random preference shock drawn
independently and identically from a common distribution function. For simplicity,
assume that 0; takes the value of 1 with probability 7 and the value of © <1 with
probability 1 — 7.

2.2. Firms

A representative firm produces output to meet households’ consumption demand in
period 2. Its problem is to choose capital (K) and labour (N) to solve

I = max {AK*N'™* — WN — R)K }, (5)
{Kv*’v}

subject to the borrowing constraint
K<K. (6)
The firm’s problem can be simplified by substituting out its optimal labour choice Nin

the profit function. Given K and the real wage W, the first-order condition of labour
choice implies the following optimal labour demand:

N = [A(1 — o)/ W]K. (7)

Hence, we have AK*N' =% — WN = 2A[A(1 — «)/W]"'~*/*K = R,K. The firm’s prob-
lem then becomes IT = maxg (R, — R;)K subject to the constraint (6). Thus, the firm’s
profit is simply the difference between the rate of return to capital (R;K) and its
borrowing costs (R, K). We normalise the equilibrium optimal capital stock to one in the
absence of financial frictions (borrowing constraints) by assuming oA =1/ We
make two additional assumptions: (1 — n)H > 1 + nB and K < 1, to ensure that the
borrowing constraint of the households (4) will bind if §; = 1 and that for the firm (6)
will bind in equilibrium.

2.3. Equilibrium in the Closed Fconomy

With the labour market-clearing condition N=1, (7) implies W = (1 — a)AK". It
then follows that R, = «AK*~!. In other words, the real wage is the marginal product

© 2015 Royal Economic Society.
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of labour and the rate of return to capital equals the marginal product of capital.'”

Hence, in equilibrium we have R, = t/f <1/fand R, = K*~'/B > 1/,

-B if 0, =1,
%= { (K +7B)/(1 —n) if 0; =1 ®)

and consumptions ¢j; and e; are given by (2) and (3) respectively and the equilibrium
capital stock of the firm is K = K.'®

To gain a better understanding of the distortions in asset returns caused by
borrowing constraints, we now characterise the equilibrium without financial frictions:
the equilibrium without borrowing constraints (4) and (6) satisfies R, = R, = 1/f,
Ki=K=1,ands; = Hif0; = tands; = [1 — (1 — n)H]/nif 0; = 1. Itis easy to
verify these equilibrium conditions. First, notice that without borrowing constraint (6),
competition for loanable funds will then drive R; to equalise R;. Second, R, must be
equal to 1/f in equilibrium, because no households would be willing to lend (borrow)

Comparing the two equilibria with and without financial frictions, we learn that
borrowing constraints reduce the rate of return to financial assets (savings) but
increase the rate of return to physical capital for the home country. Thus, if the home
country is financially integrated with a foreign country with no or less financial
frictions, financial capital will flow from home (South) to abroad (North) because of a
higher interest rate abroad, whereas fixed capital will flow in the opposite direction
because of a higher capital return at home. We now proceed to characterise the open-
economy equilibrium when the two countries are financially integrated.

2.4. Equilibrium in the Open Economy19

In the open-economy equilibrium, under arbitrage we must have Rbf =1/p = R/,
R, =1/ and R, =1/f + ¢ for any transaction cost of FDI ¢ < 1/fmin
(1 — 7,K*' — 1). The intuition is as follows. First, since there are no borrowing

.117 The mark(]eE clearing conditions are: f(: sidi = K,ﬁ: adi + K = H, f(: Ni=N =1, and
Jo @idj = AK*N'~*.

'8 The proof is straightforward. First given R, > R,, the firm wants to borrow as much as possible to invest,
so the constraint (6) binds: K = K. Since R, = t/f < 1/B, the impatient households with 0; = 1 opt to
borrow as much as possible, so 5; = — B. For the patient households with 0; = 7 their saving is determined
by the aggregate capital (bond) market-clearing condition fﬂ,: . 5idi = K 4 7B, where the left-hand side is
total savings of the patient households with 0; = 7, and the right-hand side is total borrowing by the firm and
by the impatient households (with 0; = 1). This is the case because households can only borrow from each
other in a closed economy. By imposing a symmetry equilibrium, we obtain the second line in (8). Notice by
assumption (K + n8)/(1 — n) < H, consumption of the impatient in the first period is strictly positive.

9 In the open economy, households in each country can save in both domestic bonds and foreign bonds
and firms can invest both at home and abroad by shipping physical capital across borders. When the firm sends
capital abroad to produce output, it hires foreign workers and pays foreign wages. We assume that there is a
transaction cost ¢ in shipping physical capital abroad. So the home country household budget constraints
changeto¢ = H — s; — S;and ¢o = iR + W + D + §L-R,,f, where 5; > 0is the foreign bond holdings, Rbf
denotes the foreign interest rate. The borrowing constraint changes to s; + 5 > — B. The home country firm
can invest u; € [0,1] fraction of its capital in the foreign country. The firm’s problem becomes
max (, v x & {[(1 — W)K]"N'"™* — WIN + (uK)*X'"* — W/X — uK — R,K}, where W/ denotes foreign
wage and X foreign labour. The borrowing constraint of the firm is still given by (6). The households and firm
in the foreign country solve similar problems except they do not face borrowing constraints.

© 2015 Royal Economic Society.
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constraints in the foreign country, we must have R,’)/ =1/p = ka. Second, for the
households in the home country, the domestic bond return is R; while the foreign
bond return is 1/f. Since the two bonds are perfect substitutes, arbitrage implies
R, = 1/p. Finally, from the foreign firms’ point of view, one unit of domestic
investment yields ka = 1/ and one unit of investment abroad yields R, — ¢. This
implies in that equilibrium we must have R, — ¢ = R,{ =1/p, or R, = 1/B + o.
Notice that the local households will hold foreign bonds because Rg > R, in autarky.
Similarly, since R, = 1/ + ¢ > R{, the local firm will not invest in the foreign
country. Because R; > R;, the borrowing constraint (6) will be binding, K; = K, in
the home country.”” The amount of physical capital that is imported from the
foreign country is (1 + ﬁ(p)l/(% Y — K > 0 and the amount of financial capital going
to the foreign country is given by (1 — n)H — K — nB > 0. Notice that the
transaction cost ¢ determines the size of physical capital flows.

2.5. Firm Heterogeneity

The toy model illustrates that financial frictions alone can in principle explain the two-
way capital flows between developing countries and developed countries. However, the
simple toy model has a counterfactual implication about the aggregate domestic saving
rates in the two countries. The saving rate in the home country is K/H, while the saving
rate in the foreign country is 1/H. Since by assumption K < 1, we have K/H < 1/H.
However, in the data developing countries tend to have a higher aggregate saving rate
than developed countries — the so-called ‘savings glut’. To solve this problem, we
introduce firm heterogeneity into the following full-fledged model.

3. The Fullfledged Dynamic Model

The full-fledged dynamic two-country model is an infinite horizon model with standard
preferences and production technologies. The model yields the same qualitative
predictions for two-way capital flows as the toy model but is more sophisticated to
permit calibrations and quantitative studies. As in the toy model, the two countries are
indicated by % and /. There are two types of heterogeneous agents in both countries.
We use ¢¢€ [0,1] to index heterogeneous households and j € [0,1] to index
heterogeneous firms. Each country issues its own country-specific bonds and neither
country can issue foreign bonds. To simplify the analysis, we assume that bonds are the
only tradable financial assets between the two countries.>’ However, firms can invest in
the foreign country through FDI. We use the tightness of borrowing constraints to
indicate the degree of financial development in each country, as is standard in the
literature (MQR, 2009). Because firms are heterogeneous, each consumer holds a
portfolio of firms’ equities, taking as given the market prices of the portfolio.

-B if0;=1,
H if 0;=r1.

2! Allowing households to hold foreign firms’ equities does not change our results qualitatively. This
simplifying assumption is made so we can focus on FDI in the form of shipping fixed capital across borders
and not mingle it with acquiring the ownership of foreign firms through equity holdings.

20 Also note, since 7/ < Ry, we must have s; + §; = {
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We focus our analysis on the home country in what follows. The foreign country’s
problem is analogous. Whenever convenient, we use £ € {A,f} as the country index and
use ¢, to denote the counterpart of country /.

3.1. Households

In each period ¢, household i derives utility from consumption c¢; and leisure 1 — n;.
The instantaneous utility function is quasi-linear, 0;log ¢, — Yn;, where the prefer-
ence shock 0 is drawn from a common distribution F(0) = Pr[6;, < 6] with support
[Omin, Omax]. Each period is divided into two subperiods. The idiosyncratic preference
shocks are realised in the second subperiod. Each household ¢ chooses labour supply
n; in the first subperiod without observing ;. This implies that households cannot use
the labour supply to insure themselves against the idiosyncratic shocks. Consumption
and saving decisions are made in the second subperiod after preference shocks are
realised. Specifically, after choosing n; and upon observing 0;, household i chooses
consumption ¢, savings in domestic bonds s;1, savings in foreign bonds s;;1 and
savings in firms’ equities a@;4+1. As shown by Wen (2009, 2015), such an information
structure permits closed-form solutions for household decision rules with incomplete
markets and borrowing constraints.

Denoting 0, as the price index of a portfolio of firms’ equities (stocks) and D, as the
aggregate dividend paid to the portfolio (capturing the rate of return to stocks), the
borrowing constraint facing each household is specified as

Sit41 + Sir1 + a1 Q= — By, 9)
where a1 is the share of the portfolio newly purchased by the household in period ¢,
and B, > 0 is an exogenously specified borrowing limit (as in Aiyagari, 1994). To
facilitate analysis, we assume that B, is proportional to the value of equity, B, = 00,
where b captures the degree of financial development on the household side.

Since countries cannot issue foreign bonds (although households can hold foreign
bonds), we have
Sitr1 >0, (10)

for all i € [0,1]. This implies that if a country opts to borrow abroad, it must sell its
home bonds to foreigners.?

Taking as given the real wage W, and the real interest rates at home and abroad,
household i solves

max Eo| Y B'(0ilog ci — Ymi) |, (11)
{"u-fit JSitt1,8it 1, @it 1 } =0
subject to constraints (9) and (10), as well as the budget constraint
Cit + Sit1 + Sip1 + ait+1@§Rb};,15it + Rj,’;_lgit - "/sgillﬂ/(l + 1) + Winy
+(Q + Da, (12)

?2 The constraint in (10) is not essential. Our general results hold if we simply allow an international bond
with a world interest rate. However, to capture the different interest rates in China and the US both before
and after financial liberalisation, we need to have domestic and foreign bonds with asymmetric trading costs.
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where {R]!, R,f;} denote domestic and foreign interest rates respectively and
7,5577/(1 + 1) denotes the convex cross-border trading costs for purchasing foreign
bonds (with 7, > 0 and 7 > 0).*

3.2. Firms

Each firm j with capital stock Kj; can choose to produce both at home and abroad. A
firm combines labour and capital to produce output through the Cobb-Douglas
technology Y;, = Kﬁ]\@}_“ Each firm accumulates productive capital according to the
law of motion,

Ky = (1 - 5)K;‘t + &l (13)

where [; denotes investment expenditures and ¢; € R" is an idiosyncratic shock to the
marginal efficiency of investment, which is i.i.d across firms and over time (as in Wang
and Wen, 2012). We denote the cumulative density function of € by @ (e).

With heterogeneous households, the firm’s dynamic programming problem
becomes slightly more complicated. The first step is to find the correct discount
factor. We follow Hansen and Richard (1987) and Cochrane (1991) in assuming that
there exists a sequence of prices {P},°, such that a firm’s expected value is
determined by

o0

Vjt = E, Z(Pt+r/Pt)l)jt+r7 (14)
=0

where {Dﬂﬂ}:io is the dividend flows generated by firm jand the expectation operator
E is taken on the idiosyncratic shock &;. Denoting A, = P,/p', where p <1, we can

rewrite the firm’s expected value as V; = E>2, P (Ari</A)Djryr, which can be

. . 24
rewritten recurswely aSZ

v, = / (D + PE(Ari1/A) Vi1 ]dO. (15)

Notice that because of heterogeneity on the household side, p does not necessarily
equal the household’s discount factor . With the firm value given by (15), the firm’s
problem is then to maximise its expected value Vj, by choosing labour demand, capital
allocation (the share of FDI), and the level of fixed investment.

All firms’ decisions are made after observing their idiosyncratic shock ¢; in the
beginning of each period. Specifically, firm j decides to allocate 1 — w; fraction of its

2 We assume that there are cross-border trading costs in purchasing foreign bonds and the costs are
increasing in the trading volume. This assumption is not necessary for our general results but is needed only
to capture the transitional dynamics of international financial capital flows after financial liberalisation.
China opens its capital markets only gradually; even today its capital markets are not completely open. So the
rationale for such trading costs includes capital controls in developing countries in addition to other
transaction costs discussed in the literature. However, our qualitative results do not hinge on the assumption
of trading costs and our model nests the standard models with zero trading costs as a special case.

2% Notice that by our definition of firm’s value, the value function V; is independent of the firm’s
idiosyncratic shock ¢ in period . This approach simplifies our notation but is not essential for our results.
Alternatively, we could define a firm’s value as W», = Dy + PE, (A1 /) WH,], so that it depends on period-t’s
shock ¢;;.
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fixed capital stock (Kj ) at home and the remaining u; fraction of the capital stock
abroad.” We assume that there are costs involved in reallocating fixed capital across
borders and a firm needs to pay the amount yku},H/(l + %) Kj; to move w; fraction of
its capital stock abroad. This cost is analogous to the transaction cost ¢ in the toy
model.?® The parameters y, (>0) and y (>0) control capital mobility and the extent of
openness for the fixed capital market. For example, when y, = oo, cross-border fixed
capital flows are completely shut down. When y, = 0, FDI flows can be adjusted
instantaneously without any costs. This parameter also captures institutional costs for
setting up foreign business and policies designed to attract FDI through reducing such
frictions.

The optimal choices of uj, as well as labour inputs are static. Given the capital stock
Kj, firm j's operating profits I;, can be derived through the following maximisation
problem:

I, E{ max ) [(1 = wi) K "Ny~ = W N+ (i) X = W X = /(1 +X)Kﬂ}
u;