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Abstract

Large uninsured risk, severe borrowing constraints, and rapid income growth can create ex-
cessively high household saving rates and large current account surpluses for emerging economies.
Therefore, the massive foreign-reserve buildups by China are not necessarily the intended out-
come of any government policies or an undervalued home currency, but instead a natural conse-
quence of the country’s rapid economic growth in conjunction with an inefficient financial system
(or lack of timely financial reform). A tractable growth model of precautionary saving is pro-
vided to quantitatively explain China’s extraordinary path of trade surplus and foreign-reserve
accumulation in recent decades. Ironically, the analysis suggests that without a well-developed
domestic financial market, the value of the renminbi (RMB) may significantly depreciate, instead
of appreciate, once the Chinese government abandons the linked exchange rate and the mas-
sive amount of precautionary savings of Chinese households are unleashed toward international

financial markets to search for better returns.
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1 Introduction

China’s trade balance has risen from a small deficit (-$1.1 billion) in 1978 (the beginning year of
economic reform) to a huge surplus ($400 billion) in the first half of 2009. The bulk of the surplus
results in trade with the United States. During the same period, China’s foreign exchange reserves

(mostly U.S. dollars) have increased even more dramatically from $2 billion to $2.4 trillion—a more

than 1,000 fold expansion, making China the world’s largest holder of foreign exchange reserves.!

If every Chinese household had bought more American goods, trade between China and the United
States would have been more balanced. Why don’t Chinese people spend their dollars and buy
more American goods?

Many annalists believe that the steady increase in America’s trade deficit with China is the
consequence of a significantly undervalued Chinese currency (the RMB). Namely, Chinese goods
are too cheap relative to American goods. Hence, Americans can buy lots of Chinese goods while
the Chinese can barely afford American goods. Indeed, some economists and politicians in the
United States have alleged that the Chinese government has been manipulating its currency to
deliberately achieve a large trade surplus and an excessive amount of foreign reserves.?

Why, let alone how, would the Chinese government do that? One popular argument is that an
undervalued home currency promotes domestic employment. However, selling goods at significantly
low prices to the United States and holding American dollars as a store of value is equivalent to
lending goods to American consumers in return for cheap IOUs that pay negative interest (due to
inflation). Chinese workers may be better off spending the dollars they earn instead of hoarding
them. Why would the Chinese tighten their belts and lend to Americans when they are still
struggling with very low per capita income? Shouldn’t they borrow from Americans instead to
increase their current consumption and pay back in the future when they all become rich?

The truth is that imbalanced trade may have nothing to do with the exchange rate. Even a
layman can understand the following arithmetic: Suppose the real exchange rate between Chinese-
and American-made products is 1:1—for example, 1 Chinese orange for 1 American apple. When
China gives up 1 orange for 1 American apple, trade is balanced between the two countries because
total Chinese exports (1 orange) equal total imports (1 apple) in value. Suppose the Chinese
government is able to manipulate and depreciate the real exchange rate so that Chinese workers

must give up 100 oranges for 1 American apple. Despite the extremely cheap Chinese products

!This is equivalent to 50% of China’s GDP in 2009.

2A bipartisan group of 14 U.S. senators announced new legislation in March 2010 to punish China for unfair
currency manipulation (see http://schumer.senate.gov/record.cfm?id=323135). Paul Krugman joined the ranks of
many U.S. legislators in calling for substantial tariffs on Chinese imports "if sweet reason won’t work" and the Chinese
authorities fail to heed demands to revalue their currency (see Krugman, 2010).



with a real exchange rate of 100:1, trade between the two nations is still balanced—the total value
of Chinese exports (worth 1 American apple) still equals the total value of Chinese imports (1
American apple). Therefore, trade can be always balanced regardless of the exchange rate.
Imbalances of trade (or current account surplus) would arise if the following situation occurs:
Suppose Chinese workers gave up 100 oranges for 1 US dollar (USD), with which they could
buy 1 American apple; but instead of spending the entire dollar by importing 1 American apple,

Chinese workers bought only half an American apple and kept the remaining 50¢ as savings. In
this case, China would incur a trade surplus of % American apple, equivalent to lending 50 oranges

to American consumers in return for 50¢ as IOUs. Again, why would Chinese workers do that—
tightening their belts and lending to Americans when they are still struggling with a very low
personal consumption level?

Standard economic theory of incomplete markets and precautionary saving provides one plausi-
ble explanation: Even though China has experienced impressive economic growth over the past 30
years since its economic reform and joining the globalization process, its financial reform has not
kept pace with its economic growth. Because of the lack of social safety nets and severely underde-
veloped insurance and financial markets, Chinese workers must save excessively to insure themselves
against idiosyncratic uncertainty, such as bad income shocks, unemployment risk, accidents, and
many unexpected spending needs in housing, education, health care, and so on.

Theory predicts that when households face large uninsured risk and are subject to severe bor-
rowing constraints, not only do they save excessively, but their marginal propensity to save also
increases with income growth. That is, the more income they earn, the larger portion of the in-
come they will save—in sharp contrast to the conventional wisdom based on Friedman’s (1957)
permanent income hypothesis (PIH).

Indeed, during China’s 30 years of rapid economic growth, its private consumption-to-GDP
ratio has fallen from roughly 50% in 1980 to 35% in 2008 (see the C/Y ratio in Figure 1), while
government spending as a fraction of total national income has remained roughly constant at about
14%.% Hence, Chinese consumers have reduced their propensity to consume significantly despite
the rapidly rising per capita income and average GDP growth rate. Since trade surplus is part
of national savings, China’s national saving rate (private investment plus net exports) has also
increased steadily over the past 30 years, from 34% to 51% (see the (I + NX) /Y ratio in Figure
1).

3Data Source: China Statistical Year Book (2008). The average growth rate in GDP is defined as a 14-year moving
average, following Modigliani and Cao (2004).
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Figure 1. Aggregate Saving Rate (A) and Consumption Ratio (e).

A similar pattern of saving behavior is also revealed at the household level. Figure 2 depicts
the household saving ratio (blue diamonds, left axis) and the long-term growth rate of household
income (red squares, right axis) for the period 1953-2006. The household saving rate is defined as
the ratio between net wealth changes and disposable income, and the long-term income-growth rate
is defined as the average growth rate of the past 14 years, following Modigliani and Cao (2004).4
The figure shows that the household saving rate tracks the long-term income growth rate very
closely and has increased steadily since 1978. The household saving rate peaked in 2006 at 37%.
The bulk of the household saving consists of bank deposits despite low interest rates, suggesting
that safe and low-yield assets are the primary saving vehicles for Chinese households.? The average
real interest rates remained essentially at zero or negative values in the post-reform period. For
example, the average nominal 3-month deposit rate was 3.3%, the average 1-year rate was 5.6%

(green triangles, left axis), while the average inflation rate was about 6% in the 1991-2007 period.°

4Household wealth includes deposits, bonds, and individual investments. Excluding individual investments lowers
the saving rate slightly but does not change the dynamic pattern of the household saving ratio. See Wen (2009a) for
details of the data source.

>Wen (2009b) shows that in China and India the share of cash and bank deposits accounts for more than 90% of
total household financial wealth.

SData for the interest rates before 1990 are not available.



Figure 2. Household Saving Ratio (left scale) and Income Growth (right scale)

Consistent with the pattern of rising saving rates and declining consumption-to-income ratios,
China’s total imports-to-exports ratio has also fallen during the fast growth period, from 1.6 in
1985 to around 0.8 in 2008—cut in half in less than 25 years.” That is, while exports have grown at
a double-digit annual rate, total imports have failed to catch up. As a result, China’s trade surplus
and foreign reserves have exploded.®

Therefore, data suggest that Chinese households may have been saving an increasingly larger
portion of their income (including dollars earned from international trade) to provide the safety
net and self-insurance unavailable to them from markets; such precautionary saving behavior is
precisely what economic theory would predict. Similar patterns of excessive saving have also been
observed in other emerging economies during their rapid growth periods, such as Japan in the 1960-
70s, Hong Kong in the 1980s, and Taiwan and South Korea in the 1990s. But it is the gigantic size
of the Chinese economy that has made the phenomenon so much more alarming and astonishing

to trade economists and commentators.
The analysis suggests that the linked exchange rate between the RMB and the USD is not the

real culprit in the trade imbalance between China and the rest of the world.” Rather, it is the rapid
income growth and lagging financial development in China that have created the problem, and only

financial development can ultimately resolve it. Forcing China to appreciate its currency against

"The first half of 2009 recorded an even much smaller number: 0.23.
8We defer the discussion of the trade data to a later section.

*Tronically, if Chinese savers were free to put their money anywhere in the world, there could be a large outflow
of RMB into other currencies and a resulting depreciation rather than appreciation of the RMB.



the USD may succeed in discouraging Americans from buying Chinese goods, but it will not stop
Chinese households from precautionary saving, and consequently, China will not buy significantly
more goods from America than previously. Such a policy proposal is thus highly unproductive with
undesirable consequences—it reduces American imports of Chinese goods at the cost of American

consumers (because of rising import prices) without stimulating US exports to China, thereby

hurting the welfare of both American and Chinese workers.!?

2 A Brief Review of the Literature

The above arguments are formalized in this paper using an open-economy model featuring time-
varying long-run growth, uninsured risk, and borrowing constraints. The model is an extension
of the closed-economy model of Wen (2009a) and the analysis is related to the existing literature

on global imbalances, most notably Caballero, Farhi, and Gourinchas (2008), Mendoza, Quadrini,

and Rios-Rull (2009), and Ju and Wei (2010).!' Caballero et al. (2008) attempt to explain the
triple phenomena of the sustained rise in US current account deficits, the persistent decline in
long-run world real interest rates, and the rise in US assets in global portfolios as an equilibrium
outcome of an economic environment in which various regions of the world differ in their capacity to
generate financial assets from real investments. They argue that fast growth in emerging economies,
coupled with their inability to generate sufficient local store-of-value instruments, would increase
their demand for saving instruments from the developed world. This leads to a rise in capital flows
toward the United States, a decline in real interest rates in the world financial market, and an
increase in the importance of American assets in global portfolios.

Mendoza, Quadrini, and Rios-Rull (2009) argue that persistent global imbalances and their
portfolio composition could be the result of international financial integration among countries with
heterogeneous domestic financial markets. In particular, countries with more advanced financial
markets attract financial capital from countries with less developed financial markets and maintain
positive net holdings of nondiversifiable equity and foreign direct investment (FDI).

Ju and Wei (2010) study how domestic institutions affect patterns of international capital flows.
They argue that an inefficient financial system and poor corporate governance may be bypassed by
two-way capital flows in which domestic savings leave the country in the form of financial capital

outflows but domestic investment takes place through inward FDI from countries with more efficient

10A Dbetter alternative to reducing the excessive savings of the Chinese households is to encourage Chinese firms
to invest more aggressively in fixed capital, both domestically and abroad. But to effectively channel the household
savings to firm investment also requires the existence of an efficient banking and financial sector. In addition, given
that the ratio of total private fixed investment-to-GDP in China is already as high as 40% — 45%, how to make the
additional investment more efficient is a challenge closely linked to further financial development in China.

"For the related literature, also see Blanchard, Feldstein (2008), Dooley and Garber (2007), Giavazzi, and Sa
(2005), Gourinchas and Jeanne (2007), Jeanne (2007), Jeanne and Ranciére (2008), Jin (2008), Obstfeld and Rogoft
(2005, 2009), and Yu (2007), among many others.



financial systems and better corporate governance.

Aforementioned papers all emphasize differences in cross-country financial deepness in affecting
the composition of asset portfolios and international capital flows. However, by focusing on financial
deepness alone, the literature does not directly and quantitatively explain the excessively high saving
rate and massive foreign reserves in China. In contrast, this paper explains why the Chinese saving
rate is so high and that it is precisely this high propensity to save that has led to the large trade
surplus and foreign reserve buildups in China, irrespective of exchange rates. However, this paper
does use the key insight of the global-imbalance literature to argue that the Chinese currency may
have been significantly overvalued instead of undervalued, despite the large trade surplus. One the
one hand, the poorly developed financial institutions in China are incapable of generating sufficient
local store-of-value instruments to satisfy the strong asset demand of Chinese households, one
the other hand capital controls in China have effectively blocked the outflows of financial capital
toward developed countries and insulated the RMB from depreciation. Therefore, the strong need
of international risk diversification and demand for foreign assets imply that further revaluation of
the RMB by the Chinese government may lead to a sharp depreciation and collapse in the value of
the RMB once China’s capital control is lifted in the future—which may be a catastrophic disaster
because a sudden and large depreciation of the RMB can have destructive effects on Chinese asset
markets, as occurred to many emerging economies during the 1997 Asian financial crisis.

A similar point linking precautionary saving motives to exchange reserve buildups is also made
by Durdu, Mendoza, and Terrones (2007), Sandri (2008), and Carroll and Jeanne (2009), among
others. Durdu, Mendoza, and Terrones (2007) use an open-economy neoclassical model with unin-
sured risk and borrowing constraints to study the increase in foreign assets due to optimal self-
insurance against sudden stops. Sandri (2008) argues that growth acceleration in a developing
country can cause a larger increase in saving than in investment because capital market imperfec-
tions induce entrepreneurs not only to self-finance investment but also to accumulate precautionary
wealth outside their business enterprise. Using a tractable model of precautionary savings due to
unemployment risk, Carroll and Jeanne (2009) show that rapid income growth and an associated
increase in unemployment risk can lead to a large buildup of domestic savings relative to domestic

capital demand, and hence outflows of financial capital from developing countries to developed
ones.

This paper complements this segment of the literature. However, it differs in focus, analytical
approaches, and solution methods. For example, in contrast to Durdu, Mendoza, and Terrones
(2007), this paper emphasizes idiosyncratic risk, rather than aggregate risk, in determining house-
hold saving rates and a nation’s current account surplus. Also, in contrast to Sandri (2008), this
paper deals explicitly with nominal foreign reserves and calibrates the model to quantitatively

match Chinese data. On the solution-technique side, this paper relies on quasi-linear utility func-



tion to obtain closed-form solutions under uninsured idiosyncratic risk and borrowing constraints,
in contrast to Carroll and Jeanne (2009).

Song, Storesletten, and Zilibotti (2011) provide a model of resource reallocation to explain
China’s rapid growth and economic transition, as well as its foreign reserve buildup. They argue
that because private firms face borrowing constraints and public firms have better access to credit
markets in China, the downsizing of state-owned firms during the transition reduces aggregate
demand for capital and forces the excess domestic savings to be invested abroad, generating a
foreign surplus. However, their analysis does not take into account capital controls in China—
household savings in China cannot be converted or invested directly in foreign assets unless these
savings are in the form of dollars. The way to obtain dollars is through exports, but most state-
owned firms in China do not engage in exports. Therefore, their model does not explain why the
export sector in China (consists mainly of private enterprises) opts to save so much by hoarding a
large amount of foreign reserves (dollars) and running a large trade surplus.

The rest of the paper is organized as follows. Section 3 provides a benchmark model with
only an export sector to illustrate the main points of the paper. Section 4 extends the benchmark
model to a more general setting with both tradable and nontradable goods, capital accumulation,
linked exchange rate and capital controls. The general model is meant to better capture the salient
features of the Chinese economy and demonstrates the robustness of the results in the previous
section. Determination of the exchange rate is studied in the general model. It is shown that, even
though China’s domestic investment rate is already one of the highest in the world, it may never be
high enough to completely absorb China’s domestic savings when financial markets are incomplete.
Section 5 further establishes the robustness of the results by relaxing capital controls and allowing

for a floating exchange rate. Section 6 concludes the paper.

3 Benchmark Model

There are two countries—a home country H (China) and a foreign country F (the rest of the
world). For simplicity, assume that (i) home-produced goods are for export only and home residents
consume only foreign-produced goods, and (ii) F is large enough so that the price of tradable goods
is not affected by H’s exports and imports.!? Denote P} as the nominal price of goods sold in
country F in terms of foreign currency (dollars), which is also the price that households of H pay

for imported goods from abroad. So trade involves the same goods and the law of one price holds.

*

Pr—pPr , . .
— ==+, is assumed to be zero over time.
t—1

The inflation rate, 13

12 A salient feature of the Chinese economy is that Chinese currency is not internationally convertible. Because of
such capital controls, domestic savings in China cannot be invested directly in foreign assets. Hence, the existence of
an export sector is key for explaining the accumulation of foreign reserves in China.

13The results are not sensitive to this assumption.



Although a foreign currency exists in the model—which serves as the means of payment for
tradable goods—it is not required for home-country residents to hold it. In other words, we do not
impose the standard cash-in-advance constraint or the money-in-utility assumption to induce money
demand. Instead, we motivate money demand by precautionary saving motives as in Bewley (1980)
and Wen (2009b). Thus, if households opt to hold foreign currency, it is purely for precautionary
saving reasons. This modeling strategy allows us to combine precautionary saving behavior with
money demand without making other additional assumptions about why people hold money.

There is a continuum of households in country H indexed by ¢ € [0,1]. Income earned from
exports in the tradable sector can either be consumed or saved (in dollars). Foreign reserves are thus
measured in dollars and are kept by households instead of by the government.'* For simplicity,
assume that holding foreign currency earns a zero nominal interest rate; hence, the real rate of
return to foreign currency is the inverse of the inflation rate in country F, which is zero.'?

Households are borrowing- and short-sale constrained, as in Bewley (1980), Aiyagari (1994),
and Huggett (1993). That is, they cannot hold negative amounts of any assets. Each household
is subject to an idiosyncratic shock 6;(i), which has support 6 € [Q, 5} and cumulative density
function F'(f). Since the exact source of the idiosyncratic uncertainty does not matter for our
main results, we consider idiosyncratic preference shocks to make the model analytically tractable.
Such shocks represent unexpected consumption needs (e.g., illness and medical emergency) that
are not insured by markets (as in Lucas, 1980). Considering such a simple and extreme form of
idiosyncratic shocks helps sharpen the key insights of the model, yet without undermining realism.

Tradable goods are produced using the production technology Y; = A;N;, where N; denotes

labor and A; productivity, which grows over time according to
Ay=Ao(1+9)" (1)

Perfect competition implies that the real wage is given by W; = A;.!% Since the economy has a

balanced growth path, we can transform the model into a stationary economy by scaling (normaliz-

ing) all endogenous variables, except hours worked, by the growth factor, (1 + g)t. All normalized

Tt
(1+g)"

variables are denoted by lower-case letters (e.g., z; = ). Note that the rescaled real wage

wy = Ap.
To make the model analytically tractable, we follow Wen (2009a) by assuming that (i) the

utility function is quasi-linear (indivisible labor) and (ii) the labor supply is determined in each

14 Alternatively, we can allow households to sell dollars to the government and use the proceeds to purchase local
government bonds. In this way, all foreign currency will then be held by the government in Country H instead of by
households, but the results will be similar.

5The results would be similar if we allow the government to bear the inflation risk by holding foreign reserves or
paying households interest on their foreign currency accounts.

YFor the sake of argument, ignore aggregate uncertainty for a moment.



period before observing the idiosyncratic preference shock, 04 (4).!7
Denote M, (i) as the stock of money balances held by household ¢ by the end of period t—1, Cy(7)

real consumption for imported goods in period ¢, and N¢(7) hours worked in period t. Applying

M@/Py m'(i) = M O/FE o9 c(i) = G Household

the transformation, we have m/(i) o g oy

i’s problem is to solve

max Eo » _ B {04(i) log ¢ (i) — alNy(i)} (2)
t=0
subject to
c(i) 4+ (14 g) m'(i) < m(i) + wN (3) (3)
m/(i) >0, (4)

and N (i) € [0,N]. Equation (3) is the budget constraint, which states that total wage income
earned from working in the tradable-goods sector can be used to finance purchases of foreign-
produced goods (¢) and the accumulation of foreign currency (foreign reserve m’ — m), subject to
the borrowing constraint (4). Without loss of generality, we assume « = 1 in the utility function.
Note the following implications of the model:
(i) If there were no idiosyncratic uncertainty, households would set consumption equal to wage

income. Hence, trade would always be balanced and there would be no accumulation of foreign
reserves.

(ii) If there were no borrowing constraints, households would set consumption equal to perma-

nent income by borrowing from outside. Hence, country H would run a trade deficit with F, as
predicted by the PIH.

3.1 Characterization of General Equilibrium

A general equilibrium is defined as a balanced growth path characterized by the following;:

(i) A sequence of decision rules for each household 4, {c;(2), my41(7), Nie(i) }5o,, such that given
the sequence of prices { P}, W;};=,, these decision rules maximize each household’s lifetime utility
subject to constraints (3)-(4.

(ii) A sequence of demand function for labor, {N¢};°, such that given the sequence of prices

{P}, Wi }72,, the demand function maximizes firms’ profits;

1"Because of quasi-linear preference, assumption (ii) is needed to ensure that agents cannot use perfectly elastic
labor income to fully insure themselves against idiosyncratic risk. This assumption is not needed if the marginal cost
of labor supply is increasing, but then closed-form solutions are not possible.

10



(iii) The law of large numbers holds and all markets clear:

/ Ni(i)di = Ny (5)

where equation (5) represents the labor market-clearing condition, and equation (6) represents
a balanced budget in the tradable-goods sector. Because this is a small open economy, there
is no market-clearing condition for foreign currency. Hence, equation (6) states that all revenues
generated from exports (P*Y;) are used to finance either imports (P* [ Cy(i)di) or the accumulation
of foreign reserves. In other words, the trade deficit is represented by net increase in foreign reserves,
My — M.

L [ Myt1(i)di

(iv) The transversality condition holds: lim;_, Bt% =0

3.2 Household Decision Rules

Proposition 1 Denoting x(i) = m¢(i) + wiN¢(i) as cash-in-hand, the decision rules of consump-

tion, asset demand, and cash-in-hand for household i are given by

¢(i) = min { 99(? , 1} . (1)

(1+g)m'(i):max{9*(_9*€(i),0}x (8)
(1+9)
B

z=0"

AO’ (9)
where the cutoff 6% is determined by the following equation,
145 = BRO), (10)

with the liquidity-premium function satisfying
" 0
R(0") = dF(0) + —dF(0) > 1. (11)
0<0* 0

>0 0

Proof. See Appendix I. m
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3.3 Discussion

The decision rules for consumption and saving in Proposition 1 are quite intuitive. Optimal con-
sumption is a concave function of a target level of cash-in-hand, x;, with the marginal propensity
to consume given by the function, min {(%, 1}. When the urge to consume is low (6(i) < 6*), the
marginal propensity to consume is less than 1; when the urge to consume is high (6(i) > 6*), the
marginal propensity to consume equals 1 and the individual does not save in this period. Therefore,
saving is a buffer stock: The household saves (m’(i) > 0) in the case of low consumption demand
for a rainy day because consume demand may be high in the future. These properties are consistent
with the buffer-stock saving literature (see, e.g., Deaton, 1991; Aiyagari, 1994, and Carroll, 1992,
1997), except here they are shown analytically instead of numerically.

Notice that both the cutoff 6* and the optimal cash-in-hand x are independent of i (i.e., they
are identical across households). The intuition that optimal cash-in-hand x is independent of i is
that (i) it is predetermined before the realization of #(7) and (ii) the labor supply N (i) can adjust
elastically to target any level of cash-in-hand under a constant marginal cost of leisure. That
is, since all households face the same distribution of idiosyncratic shocks, the quasi-linear utility
function makes it feasible and optimal that households adjust labor supply to target the same level
of cash-in-hand regardless of the individual’s history of asset holdings. That is, x is optimal ex ante
given the distribution of 6(¢) and the macroeconomic environment (e.g., the real wage, real interest

rate, and inflation), regardless of initial wealth "113(5). This property is key to obtaining closed-form

solutions but the main results of this paper do not hinge on this property.
Also notice that R(0*) > 1 because it captures the liquidity value (premium) of the buffer stock
saving under borrowing constraints. Hence, the effective rate of return to saving is determined by

the real interest rate compounded by the liquidity premium R. The liquidity premium is decreasing

in the cutoff #*: gﬁ < 0. That is, with a higher cutoff, the liquidity constraint is less likely to
bind, so the liquidity value of savings is lower.

The left-hand-side (LHS) of equation (10) is the shadow marginal cost of saving: the opportunity
cost of not consuming a rapidly rising income is proportional to the income growth rate. The right-
hand-side (RHS) of the equation measures the effective rate of return to saving, including the real
interest rate () and the liquidity premium (R). Hence, optimal saving of an asset is determined by
equating the marginal cost with the marginal benefit, taking into account the liquidity premium of
the asset. In equilibrium, the liquidity premium R is thus an increasing function of income growth
g.

The main intuition is that uninsured risk and borrowing constraints induce precautionary sav-

ings, even if the real interest rate is low or even negative (8 < 1). Agents would want to maintain a

12



stable buffer stock of savings relative to trend income because of the need for self-insurance. Since
income is a flow and savings a stock, when income grows, the stock-to-flow ratio would decline if
the saving rate remain unchanged—which would hinder the buffer-stock function of savings and
reduce the extent of self-insurance when the degree of idiosyncratic uncertainty remains constant
relative to trend consumption.'® Thus, the liquidity premium R will rise with g. A higher liquidity

premium thus induces a higher saving rate.

3.4 Aggregation

Using letters without index i to denote aggregate variables and by the law of large numbers,
aggregate (or average) consumption and saving are given, respectively, by
¢ = D(0%)z (12)
(1+g)m' = H(0")z, (13)
where the functions {D(-), H(-)} are defined by

D(6*) = /9 Y ar0) + /9 _dPO) € (0.1 (14)

<o+ 0"

H(0") = / L:edF(G) €(0,1). (15)

o<~ 0
Note D(-)+H(-) = 1 because D(-) is the average marginal propensity to consume from cash-in-hand
and H(-) is the marginal propensity to save. The equilibrium path of the model is characterized
by the sequence {c,m’, x,6*}, which can be solved uniquely and explicitly from equations (9)-(13)

once the distribution function F(0) is specified.

3.5 Saving Behavior

Clearly, the cutoff 8* determines the aggregate saving-to-income ratio. A higher cutoff implies a

larger fraction of savers in the population versus non-savers since gg > 0 and ggD* < 0. More

precisely, the saving rate 7 in the economy is defined as the ratio of net changes in asset position

to disposable income: 7; = Mt;ti;fMt = (Hz)_%*m. Along a balanced growth path, equation (13)

implies that the saving rate is given by

s gHO)
C1l+g-—H(0)

8 Multiplicative preference shocks imply that as consumption grows over time, the degree of uncertainty relative
to trend consumption does not change (it neither increases nor shrinks). This is similar to the setup in Carroll and
Jeanne (2009) where unemployment risk rises with income growth. Wen (2009a) argues that such assumptions are
consistent with empirical data because consumption dispersion and income inequality do not show a declining trend
as the economy grows over time, suggesting that idiosyncratic uncertainty rises proportionally with income growth.

(16)
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Proposition 2 The saving rate is increasing in income growth, Z—; > 0, provided that g is below a

threshold g* > 0.

Proof. See Appendix II. m
For example, fl—; > 0 when g = 0. By continuity, the saving rate increases with income growth

for small values of g. This proposition shows that higher income growth can lead to a higher saving
rate instead of a higher marginal propensity to consume, in sharp contrast to the prediction of the
conventional wisdom based on the PIH. The PIH predicts that forward-looking consumers should
increase their marginal propensity to consume when they expect income to be permanently higher
in the future. However, with uninsured uncertainty and borrowing constraints, this prediction is
no longer necessarily correct when the growth rate of income is below a threshold level (g*).

The PIH is based on two critical assumptions: (i) Agents are able to consume their higher future
income by borrowing, and (ii) agents do not face any uninsured risk. However, with borrowing
constraints, people are not able to consume their future income; and with uninsured risk, they also
need to keep a buffer stock as self-insurance against idiosyncratic demand shocks.'® The key insight
of Proposition 2 is that under both borrowing constraints and uninsured risk, the optimal saving
rate will increase with income growth, consistent with much of the empirical evidence.?? Since
saving provides liquidity, it has a liquidity premium R (shadow rate of return), which determines
the optimal buffer stock-to-income ratio. Since income is a flow, a higher growth rate of income
will lead to a lower stock-to-income ratio if the saving rate remains unchanged. Consequently, the
liquidity premium will increase with g, and a higher liquidity premium will induce a higher saving
rate.

On the other hand, since the function R(-) is bounded above by R(0) = % > 1, there exists a

maximum value of the growth rate gmax = 8 %9 — 1 such that if g > gmax, the borrowing constraint

(4) binds for all households and nobody saves. Hence, the saving function 7(g) must be hump-
shaped, increasing with ¢ first and then decreasing with g for ¢ > ¢* > 0. So if the growth rate
is sufficiently high, then the opportunity cost of not consuming the rapidly growing income out-
weighs the benefits of precautionary savings, causing the optimal saving rate to decline, which is

more consistent with the prediction of the PIH.

Y9 That is, with uninsured risks, having a binding borrowing constraint by setting s;11(7) = 0 for all ¢ is not optimal.
*0See, e.g., Carroll and Weil (1994), Carroll, Overland, and Weil (2000) and the references therein.
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4 Predicting China’s Foreign Reserves

4.1 Calibration

To compute the saving rate in the benchmark model, we need know the distribution of the idio-

syncratic shocks F'(#). For tractability, we assume 6 follows the Pareto distribution,
FO)=1-0"7, (17)

with o > 1 and 6 € (1,00). A value of # = co may indicate a life-threatening medical need. But
the probability of such events is infinitely small or zero. The results remain robust to alternative

distributions, such as lognormal and uniform distributions. With Pareto distribution, we have

R(0*) =1+-260"7, D(0*) = 220" ' —-L-0*"7, and H (6*) = 1 — -Z;6* '+ -L-0*"7. Equation

o —1

(10) then implies the cutoff §* = |:(O' -1) (% - 1)} _%.

Let the time period ¢ be a year and set 5 = 0.96. The most crucial parameter to calibrate is
o, which pertains to the degree of idiosyncratic risk (the variance of the idiosyncratic shocks) and
hence the strength of precautionary saving motives. Limited by the availability of panel data for
developing countries, we have to rely on information from the dispersion of consumption expenditure

across households in developing countries to calibrate this parameter.

Table 1. Expenditure Inequality for Developing Countries*

Burkina Guate- Kazakh- Kyrgyz- Para— South .
Country Faso mala stan stan guay Africa Thailand
C Gini 0.43 0.39 0.37 0.45 0.47 0.54 0.39
Burkina Guate- Kazakh- South Para— . .
Country Faso mala stan Africa guay Zambia  Thailand
H Gini 0.43 0.42 NA 0.67 0.18 0.32 0.38

*Data source: Wen (2009b). C Gini measures inequality in consumption, and H Gini that in health care.

Table 1 shows the Gini coefficients for consumption expenditure (C Gini) and health-care ex-
penditure (H Gini) in several developing countries. The average consumption Gini across those
countries is 0.43 and the average health-care Gini is 0.4; these values are both significantly larger
than the consumption Gini (0.28) in the United States, indicating far larger idiosyncratic risks in
developing countries. Based on the information, a consumption Gini in the interval of [0.3 ~ 0.5]
seems reasonable for China. We choose o = 1.25 as our benchmark value so that the model-implied

consumption distribution has a Gini coefficient around 0.4.2!

21 The exact Gini is 0.43 if the growth rate is 10% per year.
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4.2 Predictions

With the calibrated parameter values, the relationship between the aggregate saving rate and the
growth rate (g) is graphed in Figure 3. It shows that a higher income growth induces a higher
marginal propensity to save even if the real rate of return to foreign reserves is negative (the
inverse of the inflation rate). In particular, when the income growth rate is 1%, the saving rate is
about 8%; and when the income growth rises to 10%, the saving rate increases to 26%. This high

level of household saving rate matches the Chinese data quite well (see, Wang and Wen, 2010).

28

24
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Saving Rate (%)
16

12
1

< L L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10 1"

Growth Rate (%)

Figure 3. Saving Rate as a Function of Growth.

Data show that between 1978 and 2009, China’s current account surplus has increased dramati-
cally, reaching $426 billion (USD) in 2008, as seen in the left panel in Figure 4 (blue circles).?? The
bulk of the increase in the current account is due to the rapidly rising trade surplus (red squares).
Associated with the rising current account is the massive buildup of China’s foreign reserves. For
example, the year-to-year changes of foreign reserves (blue solid circles in the right panel) show
magnitude and trends very similar to the annual current account, suggesting that the accumulation

of foreign reserves is driven mainly by surpluses from foreign trade.

?2The worldwide financial crisis in 2008 had a large negative impact on China’s net exports and foreign reserves in
2009
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In our model, trade surplus is determined by households’ precautionary saving. Because of

uninsured risk and borrowing constraints, a substantial fraction of income earned from exports is

saved, which leads to imbalances between exports and imports. Most importantly, the precaution-

ary saving rate rises with the growth rate of income. Given that the average growth rate of export

income in China is about 17% per year between 1978 and 2009, our model implies that the precau-

tionary saving rate in the tradable-goods sector is 28.5%. In other words, our model predicts that

more than a quarter of the foreign currency (USD) earned from total exports is saved each year.

Based on this figure, multiplying China’s total exports by 0.28 would generate a rough prediction

of the model for the year-to-year changes in foreign reserves in China. The right panel of Figure 4

(see the line with open circles) shows that the predicted value tracks the trends of China’s foreign

reserves quite well, explaining the bulk of the data.
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Figure 4. Current Account (Left) and Year-to-Year Changes in Foreign Reserves (Right).

4.3 A Dynamic Analysis

The relationship between saving and growth can also be analyzed under aggregate uncertainty with

stochastic productivity growth. Suppose aggregate technology grows according to A; = (1+g;) A1,
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where the stochastic growth rate g, satisfies the law of motion

1+ g 1+ g1
! — p,log [ 9L 18
o (12 = 1o (1) e (19

where g > 0 is the mean and &; is an i.i.d. process. To compute the stochastic equilibrium path

of the model, we rescale all variables (except Ny) by the level of technology A;_;. In order for the
transformed stock variable m; to remain as a state variable that does not respond to changes in A;

in period ¢, we use A;_1, instead of A;, as the scaling factor.?®> Using lower-case letters to denote

the transformed variables, x; = A)f_tl’ the production function becomes y; = (1 + g¢) Ny, the real

wage becomes wy = 1 + ¢4, and the aggregate household resource constraint becomes
ce+ (1 +gi) mig1 =my + (1 + g¢) Ny (19)

Proposition 3 In a dynamic equilibrium, the year-to-year changes in foreign reserves are given

by
g [HEDOROD — B DG ROL] 20
t+1 — M = - - - - - t =Tt ts
0 R(0;) — oy HOF- )01 R(01) | t

which is proportional to total nominal exports PI'Y: with a time-varying saving rate T;.

Proof. See Appendix III. m
To calibrate the process {g¢:}, the data for aggregate exports, price deflator, and hours worked

in the tradable-goods sector are needed. The growth rate of the nominal exports is given by

Py,
P Yia

Ny

= (14 u) (1 +9) 5

(21)

Since data for price deflator (1 +v;) and hours worked in the tradable-goods sector N; are not
available and since TFP growth typically mimics output growth, we follow the methodology in
Durdu, Mendoza, and Terrones (2007) by approximating the growth rate of technology in the
tradable-goods sector by the growth rate of total exports adjusted by a constant inflation rate.?*

With the process {g;} in hand and assuming that g; follows equation (18), the mean growth g, the

2

g can all be estimated.

autocorrelation p,, and the variance o
To obtain closed-form solution for the model’s dynamic equilibrium path, further assume that

technology innovation &; follows lognormal distribution, loge ~ N(0,02). Appendix III shows that

23The particular methods of transformation do not affect the dynamics of the original variables.
21We assume a 4% annual inflation rate but the results are not sensitive to this value.
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the cutoff 6} can then be solved explicitly as

=1
-1 I

—1| . (22)

1 2

. =1 1+g\" e2%
0; =(0c—1)~ [5<1+ ) 1+ 3
gt +9

So given the shape parameter of the Pareto distribution (o), all endogenous variables in the model

can be solved explicitly in closed forms.
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Figure 5. Dynamic Relationship between Growth and Saving.

Notice that when g; is i.i.d. (i.e., p, = 0), the cutoff is constant and the implied saving rate (7¢)

based on equation (20) would be highly contemporaneously correlated with g; because 81(;((92*) < 0.

On the other hand, if g; is serially correlated, then the implied saving rate will not only be positively

correlated with current g, but also with lagged g; because high growth in the last period also tend
to induce high saving in the current period. Estimation of p, based on E(g: — g) (9t-1 — g) /03
gives p, = 0.2 with a standard error of 0.06, which is highly significant.

Given the uncertainty in the estimated parameter p, and the importance of o in determining

the saving rate, we use the method of moments to reestimate the values of two key parameters,
so that the model can best match the time-series data of total exports and the changes in foreign

reserves. The reestimated parameter values under the method of moments are given by 6 = 1.3
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and p, = 0.16, close to the original calibration and estimation.?® The newly calibrated parameter

values are summarized in Table 2.

Table 2. Parameter Values

B o g py O
0.96 13 017 0.6 0.012

Using the calibrated parameter values and feeding the implied sequence {6} } in equation (22)
into equation (20) gives the predicted saving rate 7,. Figure 5 shows that the predicted saving
rate (dashed line) comoves with the productivity growth rate (solid line). Most importantly, the
predicted saving rate lags the income growth rate by about one period (year). This suggests that
income growth Granger causes the saving rate, instead of the other way around. These predictions
are consistent with much of the empirical evidence on the causal relationship between income

growth and saving rates.2°
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Figure 6. Predictions of Exports (left) and Foreign Reserves (right).

25The implied consumption Gini under & = 1.3 is 0.404 when the steady-state TFP growth is 10% per year.
20Gee, e.g., Modigliani (1970), Carroll and Weil (1994), Attanasio, Picci, and Scorcu (2000), Carroll, Overland, and
Weil (2000) and the references therein.
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The predicted total exports (A;N;) and year-to-year changes in foreign reserves (M1 — M;) in
the model are shown in the left and right panels in Figure 6, respectively, where the solid lines are
data and dashed lines are predictions. The model explains more than 90% of the data (e.g., the
R? is 0.93 for exchange reserves ). In particular, the model tracks the surge in total exports and
foreign reserves since 2002 quite well (China joined the World Trade Organization in December
2001), mainly because unanticipated changes in productivity growth generate larger swings in the
saving rate along a transitional path than anticipated changes in the steady state. The model also
tracks well the slump in 2009 due to the current financial crisis.

The analysis shows that China’s trade surplus and excessive foreign reserves can be well ex-
plained by precautionary saving behavior, given the rapid growth of China’s export income. Namely,
because of large uninsured risk and severe borrowing constraints, the saving rate is a positive func-
tion of income growth. Given the high growth rate of income, Chinese workers opt to save a
substantial fraction (more than a quarter) of their income earned from trade, which leads to the
massive buildup of China’s foreign reserves. Therefore, the linked exchange rate between the RMB
and the USD is apparently irrelevant for the trade imbalance between China and the United States,
and Deardorff’s (2010) paradox can therefore be resolved without assuming distortionary govern-

ment policies.?”

5 General Model

There are two production sectors in the home country—a domestic sector (sector 1) that produces
nontradable goods and an export sector (sector 2) that produces tradable goods. Because of capital
controls and an inconvertible home currency, residents of the home country cannot use foreign
currency earned from the export sector to purchase domestic goods and assets, nor can them use
income earned from the nontradable-goods sector to buy foreign goods and assets. In other words,
non-tradable goods are purchased by home currency (RMB) and tradable goods are purchased by
foreign currency (USD). However, households in country H can bypass the capital control though
working in both nontradable and tradable sectors. Therefore, despite the capital control, households
are able to adjust their baskets of consumption goods for tradable and nontradable goods by
choosing an optimal mixture of hours worked in each sector.

Because of capital controls, firms in the domestic sector must use income earned from domestic
sales to rent capital from a domestic rental market, while firms in the export sector can use foreign

currency to rent capital from an international market with a constant world real interest rate 7.

*"Deardorff (2010) pondered the paradoxical phenomenon that countries (such as China) with a comparative
advantage in future production are running trade surpluses while countries (such as the U.S.) with a comparative
advantage in current production are running trade deficits. He argued that, from a standard trade theoretic viewpoint,
China should be borrowing from the United States instead because China’s production frontier will be much higher
in the future than at the present, unless the real exchange rate is severely distorted by subsidiary policies.
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Capital is not mobile across sectors but labor is. This setup of segregated capital markets not only
captures the reality but also allows us to study the Balassa-Samuelson effect of technology shock on
the real exchange rate even though the rate of productivity growth in both the nontradable-goods
and tradable-goods sectors are the same.

In reality, Chinese workers in the export sector do not invest their savings of foreign currencies
directly in foreign assets because of capital controls. The Chinese government buys dollars from
residents by issuing bonds to retrieve the local currency. This practice (called sterilization) enables
the government to absorb dollars without increasing the supply of local currency when trade surplus
increases. This is essentially how the dollars earned by Chinese workers in the export sector end
up in the central bank of China as foreign reserves.?® Thus, sterilization is equivalent (in outcome)
to a situation where the Chinese government meets the savings demands of its domestic residents
by selling them Chinese government bonds and using the proceeds to purchase foreign (especially
U.S.) bonds. If the private sectors want to increase spending on American goods, in principle
they can exchange dollars back from the government by selling bonds. In this sense, the Chinese
government is functioning like a bank, enabling savers to invest their foreign income. Therefore,
foreign exchange reserves held by the Chinese government are effectively owned by the private

sector in China and they reflect nothing but the private savings of Chinese households and firms.?’

5.1 Technology

Sector j (j = 1,2) has the following production technology:
Yje = K§j (ANje)' ™, (23)

where A; denotes a country’s aggregate technology level with a stochastic growth rate specified in

equation (18). The optimal demand for capital and labor in sector j are given by

rit +0 = aK—]j =« <Kj) A} (24)
o Yie Ki\ 1-a
Wi =(1-a) N =(1-a) (Nj > AT (25)
where
rop = 7% (26)

28 Officially, the government is also obligated to buy dollars from the private sector to maintain a fixed exchange
rate.

29 Caballero, Farhi, and Gourinchas (2008, p.361) also point out that "most of these reserves are indirectly held by
the local private sector through (quasi-collateralized) low-return sterilization bonds in a context with only limited
capital account openness."
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is a constant world interest rate in the international rental market.

Labor mobility across sectors implies 7y, W1 = 15,Wa, where 7, denotes the marginal utility
of income received from sector j. Hence, the real price of tradable goods in terms of nontradable

goods—the real exchange rate in the economy—is given by e; = Z—it = &V,—; Equations (24) and
t

e = (fw”)lg“. (27)

rie+ 9

(25) imply

So the real exchange rate is influenced by aggregate technology shocks through changes in the
domestic real interest rate. In particular, a higher productivity growth leads to a higher domestic
interest rate, which implies that nontradable goods become more expensive relative to tradable
goods, so the real exchange rate appreciates (e; decreases). This captures the Balassa-Samuelson
effect in an environment with identical productivity growth across tradable and non-tradable sec-
tors.

Along a balanced growth path, the real wages {W7;, W} and outputs {Y1, Yo, } in both sectors
all grow at the rate of long-run productivity growth (g) in the absence of aggregate uncertainty
(et = 0), while hours worked in both sectors are constant over time. To facilitate the analysis of
a stochastic equilibrium path under aggregate uncertainty, we rescale all variables in the model
by the level of technology A;_; except for hours worked. Using lower-case letters to denote the

: Z; . .
transformed variables, zj; = Tjtl’ the production functions become

yje = (14 g0)' " KGN (28)
and the real wages become
wip=(1—a) - =(1-a) <%>a<1+gt>”. (20)
Ny Ny

5.2 Households

As in the benchmark model, there is a continuum of households in country H indexed by ¢ € [0, 1].
Each household has two members (husband and wife); one works in the nontradable sector and the
other works in the exporting sector. Each household consumes two types of goods: nontradable
goods produced at home and foreign goods produced abroad.

Households put their savings in banks and earn a real gross rate of return 1+7¢. As documented
by Wen (2009a), financial repression in China leads to a low and even negative real deposit rate for
household savings; despite this, the bulk of household wealth is kept in the form of bank deposits

because of underdeveloped financial markets in China. On the other hand, firms must borrow funds
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from monopolistic state-owned banks at market interest rate ;. To capture this reality, we assume
that the real rate of return to household savings is zero (r* = 0), and state-owned banks earn
monopoly profits (r, — r®) s;, which are returned in a lump sum to households. We will show that
households still save excessively despite the low real deposit rate, which captures the precautionary
saving motive of households in China even more dramatically.

itt—(j as the rescaled home asset and my(i) = Ajl{tl(%* as the rescaled real money

Denote s4(i) =

balances for foreign currency held by household i. Denote household i’s consumption for home

goods as cy4(i) = Cf}:f?, for imported goods as c:(i) = iit_(?, and hours worked in sector j as

Nji(2). For simplicity, assume P = P} |, as in the benchmark model. Household ¢’s problem is to

solve
max Ey i B {0:(1) [y1log c12(i) + 72 10g e2e(i)] — Nui(i) — Nae(i)} (30)
subject to
c1¢(d) + (1 + g¢) se41(8) < @14(7) (31)
sa1(i) = 0 (32)
et (i) + (1 + g¢) M1 (@) < w2 (4) (33)
M (i) > 0, (34)

where x1,(7) is net wealth (cash-in-hand) in terms of income earned in sector 1:
21¢(1) = w1 N1t (i) + s¢(2) + I, (35)
and w9 (7) is cash-in-hand in sector 2:
xot(1) = wor Nog (i) + my(i), (36)

where II; = ry4 f st(i)di denotes average profit income distributed from domestic banks. The
parameter 7; in the preference controls the relative equilibrium size of the domestic and export

sectors.

Equation (31) is the budget constraint pertaining to domestic income, which states that total
real wage income earned from the nontradable-goods sector can be used to finance consumption
of nontradable goods (c¢1¢) and the accumulation of home assets ((1+ g)s’ — s) subject to the
borrowing constraint (32). Analogously, equation (33) denotes the budget constraints pertaining to
foreign income, which states that total real wage income earned from working in the tradable-goods
sector can be used to finance purchases of foreign produced goods (cg;) and the accumulation of

foreign currency (real foreign reserves, (1 + g) m’ — my) subject to the borrowing constraint (34).

24



5.3 Household Decision Rules

Proposition 4 Denoting £;, = st and €5, = my, the decision rules of consumption, savings, and

cash-in-hand for household i are given by

¢;¢(i) = min { u(i) 1} i (37)

07 7
. 07 — 0:(i
(1) €)= ma { 20 0o (38)
t
zje = v w;0; R(07,), (39)

where the cutoff variables 07, are determined by the following equation,

1 1
+ gt — ﬁR(e;t)Et ’
Wit Wjt+1

(40)

where the function R(-) is given by R(0%) = [,_p« dF(0) + [y o~ LdF(0).

Proof. See Appendix IV. m

These decision rules are similar to those in the benchmark model. However, the optimal cutoff
in each sector—determined by equation (40)—may differ because the real wage may differ across
sectors (because of different capital markets and real interest rates).

Denoting aggregate variable z; = [ z;(i)di, market clearing for the domestic capital market
implies [ s(i)di = k¢. Hence, the general equilibrium path of the model can be characterized by
the sequences of 14 variables, {cjt,ﬁth, H;t,xjt,wjt,yjt, Njt; 5 =1, 2}20, which can be solved by

the following system of 8 equations:

cjit = D(0%)zj (41)

(L+9¢0) Sjevr = H(0G)zje (42)

o = BB R() (13)

zje = ;05 R(05,)wji (44)

et + (14 gt) kieyr — (1 —6) kie = yae (45)

cat + (L+ge) mey1 — my + (7 +0) ko = you (46)
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where 7 + ¢ = a2, plus equations (28) and (29) and standard transversality conditions. The

profit income from financial intermediaries is given by
Iy = (rye — ) / s¢(1)di = r1tka;. (47)

Hence, equation (45) is also the goods market-clearing condition for the nontradable-goods sector.
Equation (46) is the household’s budget constraint in the export sector, where (7 + ) kg is rental
payment for capital services. So income from exports is used to finance imports of consumption
goods (c2), capital rental costs ((7* + J) kat), and foreign-reserve accumulation (mgpq1 — my).

The model has a unique steady state. It can be easily confirmed by the eigenvalue method
that the steady state is a saddle, so the general equilibrium path implied by the above system of
dynamic equations is unique near the steady state.

Equations (41) and (44) imply

Cit D (07,) 07, R(07,) v1wie Y1Wie

- * * * = ) 48
car D (05)05,R(05) yowa (pt’)’zw% (48)

where the coefficient ¢ # 1 measures efficiency loss (or deadweight loss) due to capital control.
The allocation would be efficient if o = 1. However, it is possible for ¢ = 1 under capital control
if 07 = 05, which would be true if wy; = we, according to equation (43). That is, there would be

no efficiency loss under capital control if and only if the real exchange rate e = ”“w”—; = 1. This is

unlikely to hold in general unless the production functions are identical in the two sectors and the
domestic real interest rate equals the world interest rate (r1; = 7).

Defining g, as the total real disposable income in sector j, which includes wage income plus

real capital gains (i.e., interest income, if any), we have

o1t = Wi Ny + 11y = X1y — St (49)
M.

o2t = WorNop = Xop — Pfj (50)
t

The saving rate for each type of income in the economy is defined as the ratio of net changes in
asset position to disposable income in the respective sector:
_ S =5 (1491 si1— s

= 51
21t T1t — St ( )

71

(Mygr — My) [P* (14 g) muys —my
©1¢ Tor — My '

(52)

T9o =
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Proposition 5 The steady-state household saving rate in sector j is given by

gH (67)

T; = W (53)

Proof. Substituting equation (42) in equations (51) and (52) gives the result. m

The saving rates in equation (53) are identical to equation (16) in the benchmark model. So,
as before, higher income growth can lead to a higher saving rate instead of a higher propensity to
consume, in sharp contrast to the prediction of the PIH. Also, the saving rates are independent of
the exchange rates, suggesting that China’s trade surplus and large foreign reserves are not related
to an undervalued home currency, in contrast to the widely held belief in the profession and news
media (see, e.g., Krugman, 2010).

The national saving rate (the ratio of investment and next exports to GDP) in the economy

gk
yi1teyz”

gk+egm
y1+eYa’

is given by and the aggregate investment-to-GDP ratio is given by Because of
trade surplus (gm > 0), the national saving rate exceeds domestic investment rate even if the

investment rate is high. For example, under the following parameter values, § = 0.96, 6 = 0.1,

_ k k
v1 = 0.8, 75 = 0.2, 0 = 1.25, and g = 0.05, we have Wiiew = 0.4 and gylfegy? = 0.44. So aggregate

investment is 40% of GDP and net exports account for 4% of GDP, consistent with Chinese data.

5.4 Exchange Rate Determination

The analysis so far indicates that attributing the trade imbalances between China and the rest of the
world to a linked exchange rate and undervalued RMB is unfounded. Even though the home country
in our model runs a current account surplus and holds a large amount of foreign reserves, the linked
nominal exchange rate is irrelevant to the results because the supply of dollars in the local exchange
market (= P;"Yy,) always equals the total demand of dollars (= P Coi+M;y1— M+ (7 + 0) P} Koy).
Hence, there is no pressure for the RMB to appreciate. This conclusion holds true even if households
do not want to use dollars as a saving device, because they can always opt to exchange the amount
M1 — My in each period with their government for home currency or bonds. In this case, the
government becomes the holder of foreign reserves. Also, the government should have no fear
of inflation even without sterilization because households will save, instead of spend, the home
currency they exchanged with the government.

In contrast, the home currency may likely depreciate against foreign currency once capital con-
trols in the model are lifted, in light of the analyses of the existing literature on global imbalances—
most notably, Caballero et al. (2008), Mendoza et al. (2009), Ju and Wei (2010) all predict that
savings in country H will flow out to developed regions (country F) in search of higher yields.

Based on this literature, suppose that capital controls are lifted and households in country H (more
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specifically, workers in the nontradable sector) opt to convert 7 € [0, 1] fraction of their net savings
from domestic assets into country F’s assets. This implies that the total demand for dollars in the

exchange market of country H would become

Py (K41 — Kyy)

PfCo +1 o

+ (Mot y1 — Moy) + (77 + 6) Ko, (54)

which would exceed the total supply of dollars, P;Y>;, by the exact amount of nw. Thus,
to clear the exchange market, the floating nominal exchange rate (e}) must rise above the original
linked exchange rate (€) by an amount so that the following equation holds:

Py (K41 — Ku)

*
€t

6*
+ (Mag1 — Maoy) + (7 + 8) P Koy = gtPt*YQt, (55)

which implies that the market-clearing exchange rate of RMB relative to the initial linked exchange

rate (€) is determined by the following equation:

ef P, (K141 — Kut)

1= 56
5 T e P Y (56)
In the steady state, the above equation becomes
e 7o gH
—=14+7n(1-« _ 57

Suppose = 0.5 (i.e., 50% of net savings in the nontradable-goods sector are converted to

dollars), o = 0.4, the output ratio of the nontradable-goods sector and the tradable-goods sector

is % = 5, the the saving rate is 25%.3° Then % = 1.375, so the RMB would depreciate by nearly
40% if capital controls are lifted under the assumption that households in the nontradable sector
are willing to hold only half of their portfolio in foreign assets.

In contrast, if the precautionary saving demand for foreign assets is totally ignored in both the

nontradable and tradable sectors, then the market-clearing exchange rate would be determined by

* = 6* *
PfCo; + (F* + 6) P/ Ky = épt Yat. (58)
Given a 25% saving rate in the tradable-goods sector (i.e., %;L(S)K% = 0.75), the above equation

suggests that ef = 0.75¢, or in other words, the RMB would have to appreciate 25% to rebalance the

30Tn recent years, China’s total exports account for 20%-25% of GDP while net exports account for 4%-5% of GDP.
This suggests that the domestic sector is about five times larger than the export sector.
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trade between country H and country F. This value of appreciation is close to what is proposed by
the Peterson Institute for International Economics (e.g., Cline and Williamson, 2009) and Krugman
(2010). Clearly, such an estimate is biased because it ignores the demand for international assets
driven by precautionary saving motives in China.

The Balassa-Samuelson Effect. The Balassa-Samuelson effect says that if purchasing power
parity (PPP) holds—that is, if the real price of tradable goods is equal across country borders and
if productivity grows faster in the tradable-goods sector than in the nontradable-goods sector, then
a country’s real exchange rate will appreciate over time because the relative price of nontradable
goods becomes more expensive relative to tradable goods.

Productivity growth is assumed the same across sectors in our model because the assumption
of higher productivity growth in the tradable sector than in the nontradable sector would violate
balanced growth in a two-sector model. Consequently, the Balassa-Samuelson effect is absent.
However, if g increases over time, then the Balassa-Samuelson effect can re-emerge in the model
even though the rate of productivity growth is the same across sectors.

To see this, recall that the relative price of tradable goods in terms of nontradable goods is given

H—(149)¢Z
by equation (27) where r; 4+ 6 = 0‘}}(49?) —a(1—90). Since %I < 0, we have g—; = a% >0

and g—; < 0. So higher productivity growth leads to a lower e through a higher domestic interest

rate. That is, the real exchange rate will appreciate—non-tradable goods become more expensive
relative to tradable goods when an emerging economy starts to take off.

This "secondary Balassa-Samuelson effect" exists because with segregated capital markets,
the tradable-goods sector has an infinitely elastic supply of international capital, whereas the
nontradable-goods sector has a finite supply of domestic capital. So a higher capital demand
in the nontradable-goods sector due to a higher productivity growth will lead to a higher domestic
real interest rate, making nontradable goods more expensive relative to tradable goods.

On the other hand, because of underdeveloped financial markets and financial repression in
emerging economies, the tendency of continuous outflows of financial capital in these economies

will exert a depreciating pressure on the home currency. To see this, notice that the term on the

RHS of equation (57) is proportional to the household saving rate 7 = ﬁ. Since the household
saving rate is an increasing function of income growth, the excess demand for foreign assets rises
with g. So if 7 is large enough, this asset-demand effect on the real exchange rate can dominate
the "secondary Balassa-Samuelson effect."

Figure 7 shows the two opposing effects on the real exchange rate when the growth rate of

the economy increases (under the assumption n = 1). The solid line (circles) represents the pre-

cautionary saving effect on the real exchange rate (defined as % based on equation (57)) under
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the normalization that the market-determined nominal exchange rate equals the linked exchange
rate when g = 0.3 The curve shows that the real exchange rate increases (depreciates) with the
income growth rate because the outflow of domestic financial capital rises with the precautionary
saving rate. The dashed line (squares) represents the secondary Balassa-Samuelson effect on the
real exchange rate, as determined by equation (27). The curve shows that the real exchange rate
decreases (appreciates) with the growth rate because a higher domestic real interest rate renders
nontradable goods more expensive relative to tradable goods under segregated capital markets.
For example, when the income growth rate jumps from 0% to 1% per year, the real exchange rate
would depreciate by nearly 24% under the precautionary saving effect and would appreciate by
11% under the secondary Balassa-Samuelson effect. Even if 7 = 0.5, the real exchange rate would
still depreciate by 12% under the precautionary saving effect, larger than the Balassa-Samuelson

effect.??
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Figure 7. Growth Effects on Real Exchange Rate.

The basic message from the above analyses is that the market value of the RMB is determined
not only by excess demand of tradable goods between China and the United States, but also by
excess demand of foreign assets between the two countries. Given that China has an underdevel-

oped financial system that offers limited opportunities for households to invest their precautionary

31'When g = 0, equation (57) implies e* = & because the steady-state saving rate (1) equals zero.
32 A dynamic analysis under a transitory increase in the TFP growth rate g, would generate similar results. To
conserve space, such exercises are omitted in this paper.
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savings, the demand for foreign assets by Chinese households is quite strong and such a strong
asset demand can create extraordinary downward pressure on the RMB to depreciate against the
dollar. Yet most of the existing literature about the determination of the exchange rate (including
the Balassa (1964) and Samuelson (1964) analysis) has completely ignored the role of asset demand
behind the exchange rate determination.

Even if the strong precautionary saving demand for foreign assets in an emerging economy is
ignored, the Balassa-Samuelson effect may still be offset by the very fact that rapid productivity
growth in China means that its tradable goods should become cheaper over time in the world
market relative to goods produced by a slower-growing developed country. In reality, it may be

precisely this counter Balassa-Samuelson effect that has caused (or partly caused) the empirical

failure of the Balassa-Samuelson hypothesis.??

6 Further Robustness Analysis

A large trade surplus and foreign-reserve buildup are not unique to the Chinese economy. Other
emerging economies, such as Japan in the 1960-70s, Hong Kong in the 1980s, and Taiwan and South
Korea in the 1990s, also exhibited similar saving behaviors and registered large trade surpluses and
exchange reserves during their rapid economic growth phase. However, because capital controls and
a linked exchange rate are not universal features of all emerging economies, it is desirable to show
that the previous results do not hinge on the assumptions of capital controls or a linked exchange

rate.

This section assumes a floating nominal exchange rate with no capital controls. As in the general
model, there are two production sectors in the home country. The nominal exchange rate is flexible
and the real exchange rate (the relative price of the tradable goods in terms of the nontradable
goods) is denoted by e;. Households can choose to work in either sector and receive real wage W,
in sector j. For simplicity and without loss of generality, there is no fixed capital in the model.
The production technology in sector j is given by Yj; = A, F(Nj;), and the competitive real wage

is given by Wy = j}\gi Applying the rescaling factor A;_q, we have y;; = (14 g¢) F'(INj¢) and

Household i’s problem is to solve

max E Z B {0:(0) [v1 log e14(i) + 2 log ca1(4)] — N1y (i) — Na (i)} (59)
=0

33See Tica and Druzi¢ (2006) for a survey of the empirical literature on testing the Balassa-Samuelson hypothesis.

31



subject to
c11(2) + ercor(3) + (1 + gi) mig1(3) < me(i) + w1 N1 (i) + eqwoy Nog (i) + Iy + eIl (60)

mt-ﬁ-l(i) > 07 (61)

where m; denotes a portfolio of assets with a real gross rate of return equal to 1, and II;; denotes
the profit income distributed from firms in sector j. Because currencies are fully convertible, the
household faces only one budget constraint. The budget constraint implies that households can
combine income received from either sector to finance consumption of both nontradable goods and

tradable goods, as well as asset accumulations.
Proposition 6 Denoting cash-in-hand as
ry = my(i) + wieN14(7) + eqwas Nog (4) + Iy + egllay, (62)

the decision rules for consumption, imports, saving, and cash-in-hand are given, respectively, by

c1(i) = —2— min {1, 02(;) } xt (63)

Y1+ 72

erear(i) = —2— min {1, 6:(0) } w (64)

Y1t 72 0y
(14 g¢) g1 (i) = max {‘W, 0} :z:t (65)
xr = (71 +72) O R(67 )wie, (66)

where the cutoff and real exchange rate are determined by

1 + gt 1
=06k R(67 67
Wit P tw1t+1 (@) (67)

Wit
e = —. 68
! W2t ( )

Proof. See Appendix V. =
Equations (63)-(68) imply that
ar _ N, (69)
Cat Y2

Compared with equation (48), lifting capital controls implies efficient allocation here. However,

this efficiency gain has no effect on the household saving rate, as the following proposition shows.
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Proposition 7 The current account surplus is given by
CAy = (71 +72) [(L+g0) 07 R(O7)H(07) — 07 R(07_1)H(07_1)] (70)
and the aggregate saving rate is given by

L _ [0 000 Ren O — 07 RO H(G; ) -
(1490 6RO — 0, RO DHO )]

Proof. See Appendix VI. m

Notice that the saving rate is precisely the same as that in equation (20) in the benchmark model
and is also identical to that in the general model (if a = 0, or there is no capital in production).
Clearly, both the current account and the national saving rate are independent of the exchange

rate e;. In the steady state, the current account surplus is given by
CA = gOR(6*)H(0"), (72)

and the saving rate equals
gH(60")

TS HE) "

which is identical to equation (53) in the general model.

7 Conclusion

This paper offers two main insights:

e China’s $2.4 trillion foreign reserves can be a natural consequence of rapid economic growth
in conjunction with an inefficient financial system (or lack of timely financial reform) that has
hindered Chinese households from consuming their rapidly growing future income, instead of

the intended outcome of any government policies or an undervalued home currency.

e The fundamental determinants of the exchange rate include not just excess demand for trad-
able goods but also excess demand for tradable assets. Taking into account the excessive
amount of precautionary savings of Chinese households and capital controls, the current ex-

change rate of the RMB may have been overvalued, instead of undervalued.

The intuition is simple. Trade can always be balanced whether the exchange rate is "1 orange
per apple", or "100 oranges per apple." A trade imbalance would occur if Chinese workers gave up
100 oranges in exchange for $1 but then opt not to spend the entire dollar on American apples.

Instead, they bought only half an American apple and saved the remaining 50¢ as IOUs. The
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question therefore is this: Why would Chinese workers do that when the real rate of return to
American IOUs is so low (negative) and they expect to be much richer in the future than they are
today? The answer is that Chinese workers have a much stronger need to save than do Americans
due to large uninsured risks and severe borrowing constraints, and more paradoxically, the richer
they expect to be in the future, the more they opt to save today. Such precautionary saving behavior
seems to be in sharp contrast to conventional wisdom (Friedman, 1957), but is nonetheless perfectly
rational when financial markets are incomplete.

Based on these insights, we can conclude that revaluing the RMB will not resolve the U.S. trade-
imbalance problem with China and may prove counterproductive. First, the primary reason for
developing countries to adopt a linked exchange rate is to facilitate trade by removing uncertainties
in relative prices and returns to foreign investment, not to deliberately achieve trade surplus by
selling low and buying high (as argued by Krugman, 2010). Thus, forcing China to appreciate
its currency destroys the stability of the RMB and undermines the basic rationale of having a
linked exchange rate. Second, such political pressure generates market expectations and leads to
speculations and capital inflows to China, which in turn may result in inflation and asset bubbles
in China.?*

True, if the elasticity of American demand with respect to prices of Chinese goods is high—which
is a big "if" because Chinese goods are labor intensive and not easily substitutable by American
goods—then under the assumption of sticky prices, revaluing the RMB may reduce American
demand for Chinese goods, thereby reducing the volume of trade between China and the United
States. But the reduced imports of Chinese goods will be replaced by goods from other developing
countries with similar comparative advantages in low labor costs and similar precautionary saving
behaviors to Chinese workers because the high wage costs in the U.S. make it unprofitable to
produce such goods domestically. Also, a revalued RMB is unlikely to change the precautionary
saving motives of Chinese households. Thus, Chinese workers will not buy significantly more
American goods simply because of a revalued RMB.

A more productive approach would be to (i) facilitate financial development in China and
(ii) encourage Chinese firms to increase investment spending on capital goods both domestically
and abroad. In this regard, the United States has much to offer because it excels at producing
both financial products (such as assets and financial services) and capital-intensive goods (such as

machinery).

3 Thus, a dramatic appreciation of the RMB may lead to potentially large economic disasters in the future given
that the RMB may actually have been overvalued. Sudden collapses of domestic asset markets may occur when the
capital controls are lifted (similar to the Asian financial crisis in 1997). Such outcomes will not benefit the world
economy because a collapse of Chinese asset markets could trigger a worldwide recession larger than the aftermath
of the Asian financial crisis, given the sheer size of the Chinese economy and its current integration with the world.
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Appendix
A. 1. Proof of Proposition 1.

Proof. Denote {\: (i), m:(7)} as the Lagrangian multipliers associated with equations (3) and (4),

respectively. The first-order conditions for {c;(4), N¢(7), mi+1(7)} are given, respectively, by

1= A / (i) dF(6) (75)

(1+ ) M(i) = BE, / N1 (6)dF (0) + (i), (76)

where equation (75) reflects the fact that the labor supply must be determined before the realization
of 0;(i) in each period. The optimal decision rules are characterized by a cutoff strategy. In
anticipation that the cutoff #* is independent of 7, consider two possible cases as follow:

Case A. 6(i) < 6*. In this case, the urge to consume is low. It is then optimal to save to

prevent possible borrowing constraints in the future when the urge to consume may be high. So

m'(i) > 0, 7(i) = 0, and equation (76) implies that the shadow value of good \(i) = ﬁ.

Equation (74) then implies that ¢;(i) = G(i)%. The household budget constraint then implies

(14+g)m/'(i) = z(i) — 0(2’)%. The requirement m/(7) > 0 then implies
0(i) < 2(i)—— = 0", (77)

which defines the cutoff 6;.
Case B. 0(i) > 0*. In this case, the urge to consume is high. It is then optimal not to save,

so m¢(1) > 0 and m/(i) = 0. By the household budget constraint, we have ¢(i) = x(), which by

equation (77) implies ¢(i) = 9*%. Equation (74) then implies that A\ (i) = 99@ (1+§)Ao' Since

0(i) > 6%, equation (76) confirms that 7 (i) = Aﬁo {99@ - 1] > 0.

The above analyses imply that A\;(i) takes two possible values, depending on the realization of
0:(i). Hence, the expected value, [ A(i)dF(0), can be expressed analytically. That is, equation
(75) implies

1=-—"—R(6), (78)



where the implicit function R(6%) = [, o« dF(0) + [, oi*dF(H*). As a result, the optimal cutoff,

07, is determined by equation (78), which determines the optimal labor supply. Equation (78)
implies that the cutoff 8 is independent of ¢ because 6(i) is i.i.d. Hence, equation (77), which

defines the cutoff, in turn implies that the optimal cash-in-hand (z;) is also independent of ;. m

A. II. Proof of Proposition 2.

Proof. Differentiating the saving rate with respect to g gives

dr HQ-H)+g(1+9) %
dg (1+g—H)? - (79)

The definition of the function R(6*) in equation (11) implies gﬁ < 0, so equation (10) then implies

%g < 0. Given that gg > 0, it must be true that %—gl = gg%—(g < 0. Hence, the second term in

the numerator of equation (79) is negative while the first term is positive. Because % =0ifg=0
and % < 0 if § = oo, continuity implies there exists a threshold ¢g* € (0, c0) that renders % =0or

g*(l—i—g*):—H(l—H)/%—g. Soitmustbetruethat%>Oif§<g* and%<01f§>g*. [

A. III. Proof of Proposition 3.

Proof. When technology A; is stochastic and follows the law of motion (18), the general equi-
librium path of the re-scaled benchmark model can be characterized by the set of variables,

{et,myt1,0F, ¢, Nt, }, which can be solved uniquely by the following system of equations:

Ct = D(G:).%’t (80)

(1 + gt) mi+1 = H(e:)l‘t (81)
1+ g 1

— =K R(6F 82

o g o (07) (82)

Ty = my + weNy = HIR(HZ()’LUt, (83)

plus equation (19) and standard transversality conditions.
In general equilibrium, w; = 1 + ¢;. So equation (82) solves implicitly for the cutoff §;. Given

the cutoff, equations (80) and (83) solve for the optimal consumption path as

¢t = D(0;)0; R(0;) (1 + 91 , (84)
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and equations (81) and (83) solve for the optimal foreign reserves as
(14 ge) mayr = H(07)0; R(07) (1 + gt) - (85)

Equation (83) implies w;N; = 0} R(0} )w; — my, which in turn implies employment in the tradable

sector:
* * my * * H( 2‘—1)0:—1R( I—l)

Ny =0;R(0;) — ———— =0, R(0;) — . 86
t t ( t) (1+9t) t ( t) (1+gt) ( )

Therefore, year-to-year changes in foreign reserves in period ¢ are given by

¢t D(07)07 R(07)
(1+gt)mt+1—mt:yt[1_]:yt 1- * * * * *
(L+gt) Ve O, R(07) — ran oy H (0-1)0i 1 R(07_y)

(87)

Multiplying the lower-case variables by A;_; gives equation (20).
Using the law of motion in equation (18) and assuming lognormal distribution for ; with mean

zero and variance o2, equation (82) implies

1 = BR(6;)E:

143\ o 39
+g> ez (88)

— om0 (152)"

1+ g1

With 6 following the Pareto distribution F' =1 — 677, we have R(6*) = 1 + -156*77, so the above

equation solves for the cutoff explicitly as in equation (22). m

A. TV. Proof of Proposition 4.

Proof. Denote {A14(7), m14(2), Aot (2), m2:(7) } as the Lagrangian multipliers associated with equations
(31)-(34), respectively. By the assumption that 6;(i) is orthogonal to aggregate shocks, the first-

order conditions for {c; (i), Nji(i), & jt +1(@)} are given, respectively, by

o) )

L=y [ Au)dF () (90)

(14 90) \u(i) = BE, [ / AﬁH(i)dF(e)] i), (91)

where equation (90) reflects the fact that the labor supply must be determined before the real-
ization of #;(7) in each sector and each period. The household decision rules can then be derived

straightforwardly following the same steps as in Appendix I. m
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A. V. Proof of Proposition 6.

Proof. The first-order conditions for {ci¢, cat, N1t, Nog, my41} are given, respectively, by

v104(7) _ i

Clt(i) - At( ) (92)
Y20:(4) — e\ (i

CQt(i) - tAt() (93)

| = wyy / (i) dF(0) (94)

| = eqwm / \(i)dF(6) (95)
(1 + gt) )\t(l) = ﬁEt)\tJr]_ (’L) + 7Tt(’i). (96)
These first-order conditions imply
Wit
e = — 97
LS o (97)
ald) _n,, (98)
ct(i) 72

Using the relation between ci; and ¢y, the household decision rules can be derived following the

same steps as in Appendix . =

A. VI. Proof of Proposition 7.

Proof. Aggregating by the law of large numbers, the household decision rules become

i = P %D(Gf)xt (99)
s = — 2 D(0])ay (100)
71t 72
(14 g) s = H(0)) (101)
zr = (71 +72) O°R(07)wyy. (102)
The budget constraint becomes
cie + ercor + (1 + gi) Myp1 = My + wieNie + epwo Nog + iy + eIy, (103)
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Since households own firms, wage income plus profit income should equal the value of output

in each sector:
'wthjt + Hjt = Yjt- (104)

Hence, market clearing in the nontradable-goods sector implies
c1t = w1t Ny + g (105)
Equation (103) then implies
ercar + (1 + gt) mug1 =y + eyor (106)
So the current account surplus is given by
CAp = eryar — ercar = (1 + ge) M1 — M. (107)
Using equation (101), we have

1
14+ g1

= (v +72) [(1+g) O7R(O7)H (07) — 07 R(07_1)H (07 )] -

CAt = H(Q;‘)xt H(Q:ﬁl)xt_l (108)

The aggregate saving rate is given by

— CA
= Y1t + ey — [c1 + ercay] _ t 7 (109)
Y1t + eryot Y1t + eryot
where the denominator is given by

yit +eyar = wi1eNie + i + epwor Nop + eIl (110)

= It — ﬁlt
L meer )
= - — )T
1 gt—1 t=1d

= (v +72) [(1+g) O7R(OF) — 07 1 R(O7 1) H (67 _,)] -

So we have
[ 00 0RO H©) 07 B0 HO; ) m
[(1+90) O;R(07) — 0, R(O;7_)H (0;_1)]
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