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Abstract

We examine capital flows among Chinese provinces. Using a theory-
based variance decomposition, we gauge the importance of various
channels of external adjustments at the regional level: variation in in-
tertemporal prices – real interest rate, real exchange rates and terms
of trade fluctuations — and intertemporal variation in quantities (cash
flows of output, investment and government spending). We find that
our simple framework can account for around 80 percent of the vari-
ation in intra–national capital flows over the period 1984-2010. Our
preliminary results also suggest that expected variation in prices is
more important as driver of capital inflows in provinces that are more
resources rich, financially more developed and more open to foreign
direct investment. We expect our results to shed light on the sources
of global imbalances in capital flows.
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Introduction

The empirical fact that international capital tends to flow uphill – from big

emerging economies such as China to highly developed countries such as

the US – has been an issue of intensive academic and policy debate over the

last decade. This pattern is a theoretical challenge to neoclassical growth

models and therefore has rightfully been dubbed a puzzle (Gourinchas and

Jeanne (2011)). It is also often seen as the main symptom of a perceived

imbalance in international capital flows that could distort exchange rates,

interest rates and asset prices at a global level (Bernanke (2007)). Consid-

erable research effort has therefore been given to explaining these patterns

theoretically (Caballero, Farhi and Gourinchas (2008); Mendoza, Quadrini

and Rios-Rull (2009); Song, Storesletten and Zilibotti (2011); Aguiar and

Amador (2011)).

However, so far, we have relatively little evidence about the patterns

of intra-national capital flows in the country that – with its persistent sur-

pluses over the last decade – best exemplifies this capital allocation puzzle:

China. We attempt to fill this gap in this paper. We study empirically the

dynamics and determinants of net exports at the level of Chinese provinces.

As we will argue, this ’cross-section’ of China’s net exports provides a use-

ful disaggregated perspective on global imbalances and their origins.

Specifically, we model province-level net exports using a stylized in-

tertemporal model of capital flows in which we allow for a simple form of

financial frictions in the form of a ’savings wedge’ in the mold of Gourin-

chas and Jeanne (2011). Our framework builds on Hoffmann (2012) and
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nests two broad channels of external adjustment in interprovincial capital

flows: the first is variation in intertemporal prices which can further be dis-

sagregated into variation in real interest rates, real exchange rates (i.e. the

relative price of tradeable and non-tradeable goods) and variation in the

terms of trade. The second is intertemporal variation in quantities – cash

flows of output, investment and government spending. As we show, our

simple model can account for up to 80 percent of the variation in a panel

of province-level net exports over the period 1984-2010 . Of this, variation

in cash flow explains on average 60 percent of external adjustment and in-

tertemporal prices, on average, account for the remaining 20 percent.

However, these numbers mask considerable cross-provincial heterogene-

ity in the importance of adjustment channels. Our decomposition of provin-

cial net exports puts us into a position to correlate province-level patterns

of external adjustment with a host of regional characteristics. Our first re-

sults suggest that intertemporal variation in prices is more important as a

channel of external adjustment for provinces that are financially more de-

veloped, more open to foreign investment and more dependent on mineral

resources.

Conversely, rates of state-ownership or openness to trade per se do not

impact these patterns significantly. Also, there has been no uniform change

in province’s external adjustment patterns following China’s accession to

the WTO.

At this stage, our empirical results are still preliminary. However, they

illustrate the usefulness of a province-level decomposition of external ad-

justment channels for our understanding of global imbalances more gen-
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erally: as we document empirically, China’s provinces are characterizied

by an internal capital allocation puzzle, with some of the most quickly

growing provinces displaying the most persistent surpluses (see also Cudré

(2012a)). Our framework here allows us to ask whether external adjustment

channels differ between surplus and deficit provinces and to what extent

these adjustment channels are a function of deeper regional characteris-

tics. This will help us discriminate empirically between various theoretical

mechanism that have been discussed in the literature and to obtain a tax-

onomy of their relative quantitative importance for capital flows.

The paper is structured as follows: section two introduces our theoreti-

cal and empirical framework. Section three describes the data. Section four

presents first results.

The framework

Our analysis follows the tradition of the intertemporal approach to the cur-

rent account (Sachs, Cooper and Fischer (1981); Bergin and Sheffrin (2000);

Kano (2008); Hoffmann (2012)). However, to our knowledge, we are the

first to extend and apply the empirical framework used in these studies to

intra-national data and, in particular, to data from Chinese regions. Our

setup here extends Hoffmann (2012) to allow us to study a cross-section of

economies. It is based on rather minimal identifying assumptions since it

builds on the log-linearized version of an intertemproal budget constraint,

similar to Lettau and Ludvigson (2001); Gourinchas and Rey (2007). Our

starting point is the law of motion of a province’s claims on the rest of the
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world (including other provinces and other countries), here expressed in

tradeable goods as

Bk
t = (1 + rkT

t )Bk
t−1 + Yk

t − Ik
t − Gk

t − Ck
t

where Bk
t is the stock of out-of-region assets and Yk

t , Ik
t , Gk

t and Ck
t de-

note the province-level values of real output, investment, government con-

sumption and private consumption respectively. The term rkT
t denotes the

interest rate (expressed in terms of tradeable goods) that the province ob-

tains on its (en-of-last-period) holdings of out-of-province assets, Bk
t−1. We

can then define the provincial current account balance as

CAk
t = ∆Bk

t = rk,T
t Bk

t−1 + NOk
t − Ck

t

where we use the notation NOk
t = Yk

t − Ik
t − Gk

t to denote net output, i.e.

the cash flow available for consumption to the province’s residents.

We allow for interest rates to differ across provinces by introducing a

wedge between the home (province-level) and the world (i.e. China- or

world-wide) interest rate rW
t so that

1 + rkT
t = (1 + rW

t )(1− τks
t ) (1)

where τks
t is a ’savings wedge’ that we introduce to capture frictions in in-

terregional capital flows. Gourinchas and Jeanne (2011) have argued very

convincingly that such a ’savings wedge’ – rather than frictions in the ac-

cumulation of capital – are important in explaining the capital allocation

5



puzzle, i.e. the empirical fact that current accounts and GDP growth are

positively correlated in a large cross-section of countries, particular among

emerging economies1. Note that τk,s
t can take both positive and negative

values: a positive value would be friction that deters saving (amounting to

a tax on foreign income) whereas negative values of τs would amount to

an implicit subsidy of savings. For China, as a prime example of a high-

growth / high savings economy, we would expect negative values of τs

on average. However, we would also expect that provinces differ in their

levels of financial development. Therefore, in our setup here, we allow

wedges to vary across provinces.

Imposing the usual transversality constraint, the above law of motion

for the current account can be solved forward, to yield the non-linear in-

tertemporal budget constraint.

Bk
t−1 =

∞

∑
l=0

Et

{
Rk,T

t+k

[
Ck

t+l − NOk
t+l

]}

where RT,k
t+l =

[
∏l

i=0(1 + rT,k
t+i)
]−1

. We follow Kano (2008) and log-linearize

this expression to obtain a formula for the current-account / net output

ratio

C̃At

NOt

k

= br̃T,k
t + c

∞

∑
l=1

κlEt

{
∆c̃k

t+l − r̃T,k
t+l

}
+

∞

∑
l=1

κlEt

{
r̃T,k

t+l − ∆ñok
t+l

}
(2)

Here, ∆no and ∆c are the growth rates of net output and consumption ex-

1Here, we derive the model solution under the assumption of a time-varying savings
wedge. In our empirical implementation below, we follow Gourinchas and Jeanne (2011)
and assume that τk,s is constant.
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penditure respectively and the tilde denotes deviations from the uncondi-

tional mean. The parameters b, c, are the long-term means of B/NO, C/NO

respectively and κ = exp [E(∆not)− E(rt)]. In the derivation, we have as-

sumed that E(∆nok
t ) = E(∆ck

t ). Note that the approximation above follows

directly from the intertemporal budget constraint and that we have, so far,

not imposed any restrictions on technology or preferences.

In what follows, we restrict this setup using some theory. Specifically,

we posit that each province’s representative agent has lifetime CRRA utility

over a consumption bundle composed of a tradeable and non-tradeabble

goods:
∞

∑
t=0

βtE0

[
X
(
Ck

Nt, Ck
Tt
)1−γ

1− γ

]

where

Xk
t = X

(
Ck

Nt, Ck
Tt

)
= Ckα

Tt × Ck1−α
Nt

In this setting, it is well known that the intertemporal consumption al-

location can be solved for independently from the intratemporal allocation

between tradeable and non-tradeable goods. Specifically, we can define the

price index of aggregate consumption by recognizing that for any such in-

dex P
k∗
t it must be true that Pk∗

t Xk
t = Ck

Tt + PkCk
Nt = Ck

t for all Pk
t . Then

replacing Ck
t with Pk∗

t Xk
t in the budget constraint, one obtains the Euler

equation

Et

(
β

Pk∗
t

Pk∗
t+1

(
Xk

t

Xk
t+1

)γ (
1 + rT,k

t+1

))
= 1
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which can be rewritten in terms of aggregate consumption expenditure as

Et

β

(
Ck

t

Ck
t+1

)γ(
Pk∗

t

Pk∗
t+1

)1−γ (
1 + rT,k

t+1

) = 1 (3)

The aggregate price index for consumption is given by P∗t+1/P∗t = (Pt+1/Pt)
1−α.

Hence, (3) links aggregate consumption expenditure growth to the consumption-

based real interest rate, which is the world-real interest rate corrected for

the savings wedge and real exchange rate changes (defined as the change

in the relative price of non-traded goods). Assuming that consumption

growth, the real exchange rate, and the real interest rate are jointly log-

normal, Bergin and Sheffrin (2000) show that this condition can be log-

linearized to obtain

Et(∆ck
t+1) =

1
γ

Et

(
rk

t+1

)
+ constant (4)

where rk
t is the consumption-based real interest rate

rk
t+1 = rT,k

t+1 + (1− α)(γ− 1)∆pk
t+1

and where ∆pk
t+1 reflects the change in the non-tradeable-price.

We now substitute for consumption growth and the real interest rate

term on the right hand side of the log-linearized budget constraint.2 Plug-

ging in for rk
t+1/γ = E(∆ck

t+1), and using the approximation rT,k
t = rW

t −

τks
t , we obtain the following expression for the current account

2This follows Bergin and Sheffrin (2000) and Bouakez and Kano (2009). However, these
models do not feature a savings wedge.
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C̃At

NOt

k

= br̃W
t +[1− φ]

∞

∑
l=1

κlEtr̃W
t+l +φ

∞

∑
l=1

κlEt∆̃q
k
t+l−

∞

∑
l=1

κlEt∆ñok
t+l−

[
bτ̃ks

t + [1− φ]
∞

∑
l=1

κlEtτ̃
ks
t+l

]
(5)

where we have introduced additional notation so that φ = c
(

1− 1
γ

)
and

∆qt+1 = (1− α)∆pt+1 is the change in the real exchange rate (or rather: the

inflation differential in relative price of nontradables and tradables).

This equation suggests five channels of current account adjustment.

The first channel is the impact of interest rate variation on net factor in-

come flows. The second term is consumption-tilting due to expected vari-

ation in the world (or China-wide) real rate of interest: if interest rates are

temporarily high, so that the sum of future interest-rate deviations from

the long-term mean interest rate is positive, consumers will want to de-

fer consumption and save more. We call this the global tilting term since

it is determined by global (or at least: country-wide) variation in interest

rates. Clearly, this global tilting effect becomes stronger as the intertem-

poral elasticity of substitution, 1/γ, increases. The third term is the effect

on intertemporal substitution of expected real exchange rate changes. If

the price of the domestic consumption bundle relative to tradeable goods

is expected to rise in the future, there is an incentive to save more. In anal-

ogy to Hoffmann (2012), we refer to this channel as ’domestic tilting’ since

it is driven by relative variation in expected prices of only domestically

consumed (non-tradeable) to both internationally and domestically con-

sumed (tradeable) goods. The fourth term reflects the classical consump-

tion smoothing channel: if output is below (above) trend, so that the sum of
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its expected changes is positive (negative), the country should run a deficit

(surplus) ceteris paribus.

Finally, the fifth term reflects the impact of expected variation in finan-

cial frictions – the savings wedge – on the current account. The impact is

completely symmetric to variation in the world interest rate. If 0 < φ < 1,

a temporary drop of τs
t below its long-run mean will turn the sum of ex-

pected future mean deviations τ̃s
t+k negative, thus increasing the current

account ceteris paribus: it will be optimal to take advantage of the tempo-

rary subsidy to savings and to defer consumption for a while. Conversely,

a temporary increase in τs
t will tend to lower the current account.

If the savings wedge τks
t = τks is constant, then C̃At

NOt

k
becomes

C̃At

NOt

k

= br̃W
t +

[
1− c

(
1− 1

γ

)] ∞

∑
l=1

κlEtr̃W
t+l + c

[
1− 1

γ

] ∞

∑
l=1

κlEt∆̃q
k
t+l−

∞

∑
l=1

κlEt∆ñok
t+l

(6)

Formally, this equation would also hold in a frictionless model, i.e. if τks =

0.3 Note however, that κ = exp [E(∆not)− E(rw
t ) + E(τs

t )] so that future

expected values of prices and quantities affect the current account very dif-

ferently if τs 6= 0. For example, with a savings subsidy (τs = E(τs
t ) < 0)

we will have a lower value of κ than in a frictionless model ceteris paribus

and the current account therefore reacts relatively more strongly to current

or immediately imminent changes in the expected values of ∆q, ∆no and

rW
t than in a frictionless model. It can also be shown that τs 6= 0 also af-

3In fact, equation 6 is a special case of equation (18) studied in Bouakez and Kano (2009).
Their model also allows for changes in the terms of trade and nests the model here if τs

t = 0.
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fects the mean of the the current account itself around which equation (6)

is log-linearized. We return to these points in our calibration of the model

parameters below. Clearly, whether or not τs
t varies over time and whether

it has a constant mean is an empirical question.

Equation (6) is the focus of our empirical anylsis of province-level cur-

rent accounts. For each region in our sample, we can now proxy the expec-

tations on the right hand side of (6) using a vector autoregressive model

(VAR):

Xk
t =

p

∑
l=1

Al(k)Xk
t−l + εk

t

where Xk
t =

[
∆nok

t ∆qk
t rW

t CAk
t /NOk

t

]′
is the vector of endogenous

variables, the Al(k) are 4× 4 coefficient matrices of the p-th order VAR and

εk
t is the vector of reduced-form residuals. Stacking Zk

t =

[
Xk

t , Xk
t−1, ... , Xk

t−p+1

]′
,

write the VAR companion form as VAR(1) so that

Zk
t = A{k}Zk

t−1 + Uk
t (7)

where A{k} is the companion matrix of the VAR estimated on province k

data and Uk
t =

[
εk

t , 0, ... , 0

]
the associated vector of residuals. Then,

once the VAR-parameters has been estimated, the expectation terms are

easily backed out as

∞

∑
l=1

κlEtXk
t+l = e′xκA{k}

[
I − κA{k}

]−1 Zk
t

where Xt stands, in turn, for ∆not, ∆qt, rW
t , CAt

NOt
and ex is the unit vector
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associated with the position of x in the vector Zk
t (i.e. the first unit vector

for ∆no, the second for ∆qt etc.). Plugging this representation of the ex-

pectation terms into (5) above, one gets the CA/NO ratio predicted by the

model for each province:

ĈAt

NOt

k

= br̃W
t +

[
(1− φ)e′r + φe′∆q − e′∆no

]
κA{k}

[
I − κA{k}

]−1 Zk
t (8)

where again φ =
(

1− 1
γ

)
c and where we denote the predicted value from

the model with a hat.

For each province and for any known set of parameter values b, 1/γ,

and c the predicted current account can now be compared to the actual

current account. This can be done either through an informal comparison

of the predicted current account with the data (in terms of correlation and

variance) or formally, based on a Wald test.4

Note that in the above setup, we let the VAR-parameters vary across

provinces, allowing for potentially very different dynamics in outputs, prices

and interest rates across regions. One decision we have to take at this junc-

tion is to what extent we want to allow the parameters of the theoretical

model like b (long-term net external balance over net output), c (the long-

term consumption ratio) and in particular 1/γ (the intertemporal elasticity

of substitution) to differ across regions. While c can in principle be fixed

4Rewriting equation (8) for a given companion matrix A as e′ca = be′r +[
(1− φ)e′r + φe′∆q − e′∆no

]
κA [I − κA]−1 and denoting the right hand side of this restriction

with Ψ(A), the Wald-statistics [e′ca −Ψ(A)]
∂Ψ(A)

∂A var(A)−1 ∂Ψ(A)
∂A

′
[e′ca −Ψ(A)]

′ is asymp-
totically distributed as a χ2 with m degrees of freedom where m is the dimension of the
companion matrix A.
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from the data, data on out-of-region assets are not generally available to

calibrate b. Also, one may want to restrict the preference parameters γ and

possibly fix it to be the same across regions. For now, we estimate 1/γ, b

and κ using a GMM-procedure for each province separately. We discuss

the details of this below.

Channels of province-level external adjustment

Once the parameters κ, b, c and γ have been fixed, we can use (8) to de-

compose the variance of each province’s current account as follows. Write

the component that is unexplained by the model as resk = CAk/NOk −̂CA/NO
k
, take the variance on both sides and plug in for ̂CA/NO

k
from

(8). Then, dividing by var(CAk/NOk), one gets

1 = βk
b + βk

r + βk
∆q + βk

∆no + βk
res (9)
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where

βk
b =

cov(b
(
e′rZk

t , CAk/NOk)
var(CAk/NOk)

βk
r =

cov
(
(1− φ)e′rκA{k}

[
I − κA{k}

]−1 Zk
t , CAk/NOk

)
var(CAk/NOk)

βk
∆q =

cov
(

φe′∆qκA{k}
[
I − κA{k}

]−1 Zk
t , CAk/NOk

)
var(CAk/NOk)

βk
∆no =

cov
(
−e′∆noκA{k}

[
I − κA{k}

]−1 Zk
t , CAk/NOk

)
var(CAk/NOk)

βk
res =

cov(resk, CAk/NOk)

var(CAk/NOk)

where again φ =
(

1− 1
γ

)
c. Here, βk

b is the contribution of net factor in-

come to the variance of the current account, βk
r the contribution of (ex-

pected) variation in the world real rate of interest (the global tilting fac-

tor), βk
∆q the contribution of expected changes in the real exchange rate (the

domestic tilting factor), and βk
∆no the contribution of output variation (con-

sumption smoothing). The coefficient βk
res is the fraction of the variance of

province k’s current account that remains unexplained by the model.

For notational compactness, we collect the various βk
xs into the vector

βk =

[
βk

b βk
r βk

∆q βk
∆no

]′

and we call βk the pattern of external adjustment of province k. In what
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follows, we also allow for the possibility that the elements of βkvary over

time

At the level of each province, the elements of β(k) could easily be esti-

mated from time-series OLS regressions of brW,k and the expected present

values of r̃W,k, ∆̃qk and ∆̃nok on CAk/NOk respectively. However, our main

interest in this paper is also to analyze to what extent province-level charac-

teristics (such as financial and economic development, industrial structure,

demography etc) affect the patterns of external adjustment and, potentially,

also to allow for time-variation in these patterns. We therefore posit that

the external adjustment in province k through a given channel is an affine-

linear function of a (potentially time-varying) vector zk
t of province-level

characteristics so that

βk
x(t) = βx + γ′xzk

t

where x denotes the channel: b, ∆q, ∆no and r respectively. The coefficient

βx measures the average (across-provinces) importance of channel x and

the vector γx describes the sensitivity of the respective external adjustment

channel to variation in characteristics across provinces. This assumption

on βk
x(t) allows us to analyze the cross-provincial variation in external ad-

justment patterns using a panel set-up. Specifically, we estimate the βk
x(t)

from a the following relation

xk
t = α + τt + µk + βk

x(t)×
[

CA
NO

]k

t
+ zk′

t δ+ νk
t (10)

where xk
t stands in turn for the VAR-implied expectations of the corre-

sponding channel. On the right hand side of (6), α is a constant and τt
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and µkreflect time- and country effects and and the vector zk
t stacks addi-

tional controls. For each channel, equation (x) can be estimated as a panel

regression once we plug in from (x) above:

xk
t = α + τt + µk + βx0 ×

[
CA
NO

]k

t
+ γ′x0zk

t ×
[

CA
NO

]k

t
+ zk′

t δ+ νk
t (11)

The coefficient on
[ CA

NO

]k
t then measures the average importance of the

channel x across provinces, βx, whereas the coefffients on the interaction

terms of the province-current accounts with the province-level characteris-

tics capture the sensitivity of the respective channel to variation in charac-

teristics over provinces and time.

Data

All data used in this paper are from the National Statistical Yearbooks of

the People’s Republic of China and of the Provincial Statistical Yearbooks of

the 22 provinces, 5 autonomous regions and 4 municipalities of Mainland

China5. The data are available online through the China Data Center (CDC)

of the University of Michigan.6 The CDC reports data values as soon as

they are published in the corresponding yearbook. Although the data have

been sometimes subject to official revisions in later years, the CDC did not

systematically adapt past values. For most provinces, our online access

only covers regional statistical Yearbooks over the 1990s and 2000s. Thus,

5The autonomous regions are Tibet, Xinjiang, Guangxi, Inner Mongolia and Ningxia.
The cities of Beijing, Tianjin, Shanghai as well as the region of Chongqing are municipalities.

6http://chinadataonline.org/
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it happens that the data are sometimes incomplete. We will primarily rely

on recent data directly retrieved from the recent online yearbooks and com-

plete possible gaps with CDC prepared sheets. This allows us to take ac-

count of revisions as much as possible. The most recent data stem from the

2011 yearbooks.

The quality of regional (province-level) and aggregate Chinese national ac-

counts data si an important issue that we explore in detail in a descriptive

companion paper (Cudré (2012b)), where we extensively focused on some

stylized facts and discussed the aggregation properties of the data. This

analysis reveals large discrepancies between aggregate statistics and the

sum of provincial statistics. For example, the sum of province-level GDPs

was about 11 percent higher than the officially published national value

in 2010. The bulk of this large error stems from discrepancies between re-

gional and national reported investment that have been widening since the

1970s. Conversely, the discrepancy between the sum of provincial savings

and national aggregate savings shows no clear trend over time but the sum

of province-level savings overestimates national values by round 7 percent

of China’s GDP in 2010. This suggests that the sum of province-level net

exports will generally be lower than the corresponding official aggregate

statistics. This is in line with the findings of other authors who have argued

that China’s current account surplus is overstates for a variety of reasons

(see Zhang (2008)). In fact, the 2004 national economic census suggested

that provincial data were in some cases even better than national ones as

discussed in Holz (2008).

But while there is considerable uncertainty concerning the levels of ag-
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gregate and regional statistics, our previous analysis also shows that that

the sum of province-level GDP, investment and savings data is generally

highly correlated with movements in aggregate statistics. Since our em-

pirical analysis focuses on a log-linearized model which emphasizes the

movements in these variables over time rather than their levels, we are

therefore reasonably confident that our province-level data capture impor-

tant aspects of external adjustment among China’s provinces.

We drop some provinces from the analysis for which data are available

only for a very short time period or do not pass some a priori plausibil-

ity checks.7 Tibet is excluded for lack of data availability. Ningxia and

Qinghai are very small provinces and have very low or even negative net

output values towards the end of the sample due to extremely large inward

investment. Obviously, this puzzling empirical facts originates in a recent

increase in investment rate and the corresponding aggregation errors dis-

cussed in Cudré (2012b). We encountered some difficulties towards the end

of the sample as some provinces like Tianjin, Jilin or Guangxi experienced

a fast deterioration of their relative net exports, making the system non-

stationary. For this reason, some regions have a shorter sample. No stable

VAR specification has been found for Sichuan and Gansu. For Shandong

and Hunan, the fit is less convincing. For the four mentioned provinces,

we provide the specification and basic fit measures but exclude them from

the channels and econometrics part for the moment. All in all, we end up

estimating the model for 28 out of 31 regions and will provide estimates for

7The provinces and autonomous regions excluded for reasons of data availablity are
Ningxia, Qinghai and Tibet. These are quite small for Chinese standards, however, jointly
accounting for a population of round 15 million in 2010.
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the channels of 24 regions. Table 1 summarizes the specification and the

general fit. The maximal sample length stretches from 1985 to 2010.

Results

Fitting the model to province-level net exports

We estimate the province-level VAR with one or two lags. This allows us

to back out the VAR-implied expectations on the right hand side of the

present-value relation (6). For each province, we then estimate the param-

eters of the model – 1/γ and b and the savings wedge τk – based on a

grid-search procedure that minimizes the squared deviation between the

right hand side of (6) and the respective province’s observed net export /

net output ratio. In the grid search procedure we let 1/γ to vary between 5

and 0.25. The savings wedge τks enters the present-value relation through

the discount factor κk = exp(Et(∆nok
t )− Et(rw

t ) + τks). We indirectly esti-

mate τ by letting κ vary in the range 0.900− 0.995. Given the long-term net

output growth rate and the real interest rate, this allows us to back out the

implied value of τ.

Data on inter-provincial asset holdings and province-level international

asset ownership do not exist and at this stage we have no choice but to

proxy b from a grid search as well. We let the data chose the corresponding

value between -0.6 and 0.6. Fortunately, however, as we will see below, the

estimates of b are virtually inconsequential for the dynamics of net exports

in China and we will therefore disregard them in our further discussion.

Table 1 summarizes the specifications for the individual provinces, the
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estimated parameter values and the general fit of the model in terms of

correlation and relative variance of the actual and the predicted net exports.

For most provinces, our simple model provides a very considerable fit:

the correlation between actual and predicted net exports is 0.93 with the

lowest value of 0.57. The model also matches the standard deviation of ac-

tual province-level net exports quite closely. The average relative standard

deviation is 0.97 with a minimum of 0.62 and a maximum of 1.30. On av-

erage, we find a value of γ of 2, corresponding to an average elasticity of

substitution of 0.5. This value is close to the values conventionally used in

the literature and also close to the estimate of Hoffmann (2012) for China

as a whole. For the discount factor we find a value of 0.97 on average but

in many cases we also hit the upper or lower bounds of the grid search.

Channels of adjustment

Using the methodology we outlined above, we are able to decompose the

variability of our proxy for regional current accounts into five channels (see

table 2). All in all, the model is able to explain the bulk of variations in cur-

rent accounts with an unexplained part varying between -0.19 and 0.42. As

we have argued before, even with rather large estimates of b the contri-

bution of factor income to variation in net exports is essentially nil, so we

disregard this channel in our further discussion. Expected variation in the

China-wide interest rate (the global tilting factor) is also generally not very

important for net export dynamics in most provinces, except Beijing and

Hubei. This pattern is actually quite consistent with the view that fluctu-

ations in the country-wide real interest rate largely reflect common shocks
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that, therefore, can only be smoothed by the individual provinces to a very

limited extent. The most important channels, therefore, is the domestic

tilting channel (real exchange rate movements) and expected variation in

regional cash flow. In six regions, the variation in external balance is pri-

marily dominated by the exchange rate channel (domestic tilting). As an

example, see figure 1. Expected net output fluctuations are mostly posi-

tively correlated with current account variations. It is the most important

factor in many provinces (around ten) – see for example figure 2. The rel-

ative contribution of the domestic tilting and net output factor are roughly

similar in six regions, as illustrated on figure 3.

Some regions have particular patterns. Inner Mongolia’s current account is

nearly exclusively driven by variations in expectations in net output. An-

other exception is that the global tilting channel is the dominant source of

variations in net exports in Henan. While the adopted methodology at-

tributes sensible values to most regions, a graphical check reveals that six

provinces (Liaoning, Zhejiang, Anhui, Jiangxi, Yunnan and Shaanxi) expe-

rience large asymmetric moves in the domestic tilting and net output com-

ponents. Hubei has a comparable pattern but with global tilting instead of

domestic tilting mirroring the evolution of net output. This phenomenon

is easily observable in the results table and manifests itself in the respec-

tive channels being far higher than unity (in absolute value). Still, the gen-

eral fit of the current account is good even for these provinces, with more

than 85 percent of the variation in net exports explained by our model. We

note that there is a priori no reason – theoretical or empirical – why the

βx coefficients should not be bigger than one in absolute value and also
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negative. But we take such values as an indication that the allocation of

variance in net output to the various channels is not quite as meaningful

for some of the provinces. For example, terms of trade movements, if not

properly accounted for, could make it difficult to disentangle the role of

price and quantity movements in net export dynamics. We will work to

incorporate this channel into our analysis in a future version of the paper.

This channel could be particularly relevant for resource-rich provinces of

regions such as Inner Mongolia. At such an early stage, we do not want

these provinces to unduly affect our econometric results and refrain from

using these 7 provinces in the panel analysis that follows. Thus, the panel

analysis in the next subsection is, for now, based on 17 regions.

Regional external adjustment: panel analysis.

In the preceding section, the contribution of the different factors has been

estimated for each region separately. In order to better appreciate the gen-

eral patterns of regional external balance, we now turn to estimating the

patterns of external adjustment in panel framework, as was discussed in

the section of the channels of external adjustment. We start with a general

characterization of external adjustment in the average province. To this ex-

tent, we estimate equation (11) without any interaction terms (i.e. without

the zk
t ), which gives us the specification

xk
t = α + τt + µk + βx ×

(
NX
NO

)k

t
+ εk

t
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where the x, again, stands for one of the VAR-implied expectations of the

five channels.8

Note that our panel of province-time observations is somewhat unbal-

anced due to missing observations for some provinces at the beginning

(differences in number of lags) and at the end (stability and fit issues).

Across these 17 regions, intertemporal smoothing is the main channel of

adjustment and accounts for round two third of the variations in our proxy

for provincial current account (table 3) . Expected changes in the price of

non tradables seem to explain one fifth while a similar chunk remains un-

explained. All three channels are significant at the 1% level. The global

(country-wide) tilting channel does not play a central role. Net factor in-

come flows have small but significant explanatory power. Interestingly,

the 17 regions used in the panel seem to be quite representative of China in

the sense that our results are very close to the ones obtained in Hoffmann

(2012) for aggregate Chinese data9.

In the remainder of this section, we now relate the patterns of exter-

nal adjustment to province-level characteristics, using the the general setup

with interaction terms (11) in which the βx can vary across provinces and,

potentially, also over time10.

8Note that in the data, we strictly only have province-level net exports, and we therefore
refer to NX/NO instead of CA/NO in this section and in the associated tables.

9The real exchange rate and net output channels were 0.61 and 0.19 over the 1987-2007
period using valuation adjusted data. The unexplained part was 0.23.

10For a similar specification applied to international shock transmission during the inter-
war gold standard, see Hoffmann and Woitek (2011).
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xk
t = α + τt + µk + β1 ×

(
NX
NO

)k

t
+ γ′ ×

(
NX
NO

)k

t
× zk

t + δ′ × zk
t + εk

t

where zk
t is our vector of region-characteristics interest. To gain an impres-

sion of the link between external adjustment and particular regional char-

acteristics, we start by taking zk
t to be an individual variable at a time. The

characteristics we consider, are the following: an indicator for the depen-

dence of the regional economy on mineral resources (MinRes) is computed

using regional resources production data (coal, oil, steel). They are valued

using world prices and their sum related to regional GDP. Results are re-

ported in Table 4. Provinces with large mineral resource wealth (MinRes)

display a significantly more important role of the domestic tilting channel

and, correspondingly, a lower role of net output for net export variability.

We suspect variations in the terms of trade to be partly responsible for this

pattern. A second indicator is the share of foreign owned investment in

fixed assets (FOInvFA) that is supposed to measure a region’s openess to

foreign capital. We see that a larger involvement of foreigners in the capital

stock tends to increase the importance of expectations in changes in prices

of non tradables. Note that the size of the global tilting component is neg-

atively correlated with the province-level incidence of foreign investment.

As a third indicator, meant to measure financial development and finan-

cial depth, we use deposits in banks and financial institutions over GDP

(Deposits). This indicator is positively related to the domestic tilting com-

ponent. Thus, dynamics in expected real exchange rate changes are more
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relevant for regions experiencing a high level of financial development (or

a savings glut, finding its reflection in high bank deposits). Finally, we gen-

erate a dummy (ECdum) to distinguish between typical surplus and deficit

provinces11. In our regression above, we then interact this dummy with

NX/NO in the same spirit as before. The estimates suggest that domestic

titling – an expected appreciation of the real exchange rate vis-a-vis other

provinces and the rest of the world – is more important as a channel of

external adjustment for the surplus provinces. Conversely, expected varia-

tion in expected net output plays a somewhat more subdued role for these

provinces.

The lower part of table 4 reports the same type of regressions for a num-

ber of further plausible drivers of external adjustment, that, however, we

find largely to be insignificant: The first is a measure of the importance of

state-owned enterprises for a province’s economy. State-owned enterprises

continue to play a pivotal role in the Chinese economic system. However,

our results suggest that the share of state-owned firms in gross industrial

output value (SOGIOV) per se does not seem to impact on a province’s ex-

ternal adjustment patterns. We also compute a measure of international

trade openness at the province level (Open). This turns out to be related to

the importance of the global tilting channel but not to any other channel.

Finally, we do not find that the mechanisms of adjustment in regional net

exports is sensitive to China’s WTO membership (we include a PostWTO

dummy since 2002).

11Examples of provinces that have typically experienced high saving - investment sur-
pluses and high international exports over the last decades are Hebei, Jiangsu, Fujian and
Guangdong.
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Summary and Outlook

We have proposed a simple, theory-based framework to analze capital flows

between Chines provinces. Our model allows us to distingusih between

variation in intertemproal prices – real exchange rates, real interest rates

and the terms of trade – and quantity variation in province-level output,

investment and government spending as channels of regional external ad-

justment. Our results shed light on the province-level sources of global im-

balances, i.e. on the regional composition of China’s persistent surpluses

over the last decade. We find that expected variation in real exchange rates

is a main driver of capital flows, in particular in provinces that are more

financially developed, more open to foreign capital and more mineral rich.

In the baseline version of the model, a unit intratemporal elasticity of sub-

stitution is assumed. A natural extension is to allow for more flexibility

in this respect. This supplementary degree of freedom should eventually

help us to impose more structure on the choice of the deep parameters. In

future extensions, we plan to explicitly incorporate a role for terms of trade

fluctuations.
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Data appendix

Population

Chinese population data are an topic of their own. Two main problems are

plaguing them: the underreported birth numbers as a consequence of the

one child policy (Scharping, 2001) and the “largest migration in human his-

tory” (Chan, 2010a). We tried to address the second issue.

Basically, three sources for population estimates exist. The Hukou House-

hold Registration System population data is reported by the Public Security

Authorities. The Hukou aims at limiting rural migration by restricting ac-

cess to welfare goods and services for non-urban residents such as health

care, insurances or education (Chan, 2010b). It can be considered as a de jure

statistics because it doesn’t capture migration flows adequately. Typically,

richer coastal provinces have an underestimated population and hinterland

provinces a too high population which biases most studies on inequality

(Chan and Wang, 2008).

An alternative is the use of regular sample surveys of round 1% of the pop-

ulation and population censuses (1982, 1990, 2000 and 2010). They should

better approximate resident population but unfortunately, the time of the

survey as well as the definition of permanent residents and migrants isn’t

always stable over time and over provinces. They are usually referred to as

de facto data.

The official population data often are a combination of the three sources we

have already mentioned (Hukou, sample surveys and censuses). We care-
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fully compared CDC data, recent yearbooks data, sample surveys, censuses

and existing studies to avoid sudden jumps due to changes in definition

and assembled our own population time series by mixing them. We tried

to consider de facto data as much as possible, particularly for provinces

traditionally heavily influenced by migration12.

Long-run consumption ratio

Although the mean of the consumption over net output ratio c over 1984-

2010 is slightly below 1 for China (0.95), there is a large cross-regional vari-

ation with values ranging from 0.82 (Hebei) to 1.65 (Xinjiang) with a mean

of 1.13. The near 0 net output for Qinghai and Ningxia lead to unrealistic

values (4.5 and 26.6) but they are excluded from the analysis.

Current Account

The current account is proxied with the regional difference between saving

and investment. Note that this indicator includes international and inter-

provincial flows in goods and services. In Cudré (2012b), we showed that

large discrepancies in regional external balances exist in China. As most

provinces have near neutral or positive international trade balance, most

of theses cross-sectional differences stem from intranational capital flows.

Unfortunately, income and current transfers are not included in our proxy

for Current Account. For China, trade and services capture most of the dy-

namics of the CA . Over the last decades, income flows have been slightly
12Center China as well as Chongqing and Sichuan have been the main outflow regions.

Shanghai, Guangdong and to a lesser extent other East Coast provinces have been net mi-
gration recipients.
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negative with the exception of 2007 and 2008. Current transfers have been

more sizeable and stabilized on a positive level since the mid-2000s. Still, it

was only roughly one tenth of the trade balance in 2011.

For regions having a considerable share of migrant workers in their labor

force, we would expect a high share of household remittances to lower

the CA and increase it in hinterland provinces. Another important pat-

tern is certainly linked to the capital outflows generated by the returns

on FDI of foreign firms. Here again, well-integrated coastal provinces cer-

tainly have a lower true CA than we may think. A last issue is the poten-

tial large transfers between government and/or state-owned enterprises

among provinces. One would expect them to boost the CA of less devel-

opped provinces, particularly in the West.

Net output

Net output is computed using GDP, government expenditures and invest-

ment. Sadly, the provinces of Qinghai and Ningxia have very low or neg-

ative net output towards the end of the sample and have to be excluded

from the sample. This conundrum certainly originates in the problem of

the overestimation of regional investment discussed in Cudré (2012b). Net

output is deflated using Brandt and Holz (2006) for the initial price level

and regional CPI for its development over time. As explained before, we

construct a population time series from different sources and try to take

migration flows into account as much as possible.
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Reference interest rate

As in the baseline paper, the real world interest rate is proxied with the

averaged monthly Federal Reserve Board 3 month Treasury Bill. The US

Department of Labor city average CPI is used to correct for ex ante infla-

tion. The extent to which regions are sensitive to the world interest rate

is certainly varying depending on how far they integrate with the world

economy. Furthermore, in our framework, debts or assets balance are a

convolution of international and national positions. To account for national

interest rate as well, we compute the ex-ante provincial real interest by tak-

ing the official lending rate of the bank of China and substracting ex-ante

local CPI inflation. We mix both real interest rate using a weight factor be-

tween 0.7 an 0.9 on world interest rate. The weight level is determined by

the mean of absolute international trade balance over GDP for the 1984-

2010 period. The official IFS exchange rate is used to convert dollar trade

data into Renminbi. Thus, for East Coast regions like Guangdong (weight

of 0.84) or city-provinces like Shanghai (0.81), world interest rate matters

more than for hinterland regions like Guangxi (0.72). Figure 4 provides

an overview of the regional variations in interest rate compared to the two

baseline rates. A national lending rate using Chinese CPI is computed for

comparison’s sake.

Real exchange rate

Numerous possibilities arise for computing a regional real exchange rate.

In the empirical section, two indicators will be used. The baseline paper
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used the IFS real effective exchange rate based on consumer prices. Re-

member that an increase of the index corresponds to an appreciation of the

home currency. A straigthforward regional alternative would be to cor-

rect for the differences in development between local prices using CPI data

on tradables and nontradables. To get a complete time series over the pe-

riod, we have no choice but to combine different sources according to data

availability. A possibility lies in considering the evolution of the price of

nontradables relative to tradables multiplied by the share of nontradables

in consumption expenditure.

Data on regional CPI categories are available from 1994 to 2010. We de-

fine tradables as expenditures on food (X f ood) and clothes (Xclothes) while

nontradables are composed of healthcare (Xhealth), transport and commu-

nication (Xtranscom), education and culture (Xedcult) as well as residence and

housing (Xreshous). As household surveys expenditure data are separated

between urban and rural population, we have to merge them using re-

gional urbanization rate13. The relative weight W of each category of ex-

penditure X (here food and health) in the composed CPI is:

W f ood =
Xurb

f ood

Xurb
f ood + Xurb

clothes
× urbrate +

Xrur
f ood

Xrur
f ood + Xrur

clothes
× (1− urbrate)

13We used Shen (2006), data from the statistical Yearbooks and interpolated assuming
constant growth rates. From 1985 to 1999, Chongqing was computed using the same growth
rates as Sichuan. From 1985 to 1989, growth rates of Guangdong were used for Hainan.
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Whealth =
Xurb

health

Xurb
health + Xurb

transcom + Xurb
edcult + Xurb

reshous
× urbrate

+
Xrur

health
Xrur

health + Xrur
transcom + Xrur

edcult + Xrur
reshous

× (1− urbrate)

For China, health expenditures would enter with a weight of 16%, transport

and communication with 28%, education and culture 23% and residence or

housing 33%. In the tradables, food (82%) logically has a higher weight

than clothing (18%).

The CPI of tradables and nontradables can then be computed as:

CPIreg
NT = WhealthCPIreg

health + WtranscomCPIreg
transcom + WedcultCPIreg

edcult + WreshousCPIreg
reshous

CPIreg
T = W f oodCPIreg

f ood + WclothesCPIreg
clothes

The regional share of tradables in consumption expenditure (α) is proxied

with the weighted mean over 1993-2010 of the corresponding consumption

expenditure in urban and rural area14. In the end, our first indicator is:

λ84−93
1 = REER

λ94−10
1 = REER× (1− α)

CPIreg
NT

CPIreg
T

Against a backdrop of financial repression, the progressive liberalization of

14For Chongqing, we had to take a shorter average due to data availability issues

35



the housing market in the 2000s led to a fast growth in real estate prices.

Household quickly redirected their savings towards housing and the own-

ership rate increased substantially. Unfortunately, the price of housing is

not included directly in Chinese CPI but in fixed capital formation. Rents,

interest rates of housing loans and maintenance costs are considered but

they certainly miss the bulk of the dynamics. To correct for that, we in-

tegrate the average selling price of housing per square meter in the CPI

of nontradables. Besides being available for a relative long period (1999-

2010), this indicator entails residential and business uses and should thus

be representative of the conditions prevailing on the housing market. An-

other consequence is that the weight attributed to residence and housing

in the CPI of nontradables seems to be too low. For example, in Shang-

hai, it enters with a weight of round 23%, far lower than in rural regions

like Guizhou (42%). We inflate it by considering only half the weight of the

other three categories and attributing the rest to housing. All in all, we thus

use this indicator for the 1999-2010 period due to the late recording start of

the housing prices and dub it HCPINT .

Before 1999, the index is computed by in the following way: for 1984, we di-

rectly use provincial CPI. Then, a service price index SPI (urban from 1985

to 1988 and regional from 1989 to 199815) is used as a proxy for the price

of non tradables and is divided by general CPI (1984-1993) or by tradables

CPI computed earlier (1994-1998).

Thus, our second indicator is:
15The services price index stopped to be computed in most provinces in 2001.
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λ84
2 = REER

λ85−93
2 = REER× (1− α)

SPIreg

CPIreg

λ94−98
2 = REER× (1− α)

SPIreg

CPIreg
T

λ99−10
2 = REER× (1− α)

HCPIreg
NT

CPIreg
T

A graphical representation of the second indicator is available on figure 5.

We use λ2 for all provinces except for Beijing (λ1).
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Table 1: Specification, grid search results and basic fit measures
Lag Sample γ κ b ρ(x̂, x) σ(x̂)/σ(x)

Beijing 1 85-10 0.4 0.995 -0.6 0.94 0.74

Tianjin 1 85-09 3.0 0.995 0.6 0.99 0.85

Hebei 2 85-10 4.0 0.995 0.5 0.73 1.00

Shanxi 1 85-10 4.0 0.995 -0.6 0.99 0.93

Inner Mongolia 1 85-08 1.0 0.995 -0.6 0.99 0.83

Liaoning 1 85-10 2.2 0.900 0 0.99 0.99

Jilin 1 85-07 2.0 0.965 -0.6 0.98 0.93

Heilongjiang 2 85-10 4.0 0.995 0.6 0.93 0.62

Shanghai 1 85-10 0.8 0.910 -0.6 0.96 0.97

Jiangsu 1 85-10 2.8 0.900 -0.6 0.98 1.16

Zhejiang 2 85-10 3.6 0.900 -0.6 0.94 1.12

Anhui 1 85-08 1.4 0.900 -0.6 0.92 1.08

Fujian 1 85-10 3.8 0.995 -0.6 0.95 1.04

Jiangxi 1 85-10 1.6 0.900 -0.6 0.93 1.20

Shandong 2 85-10 2.2 0.995 -0.6 0.57 1.26

Henan 1 85-08 1.0 0.900 -0.6 0.92 1.30

Hubei 1 85-08 1.0 0.995 -0.5 0.98 0.90

Hunan 1 85-10 1.4 0.900 -0.6 0.65 0.89

Guangdong 1 85-10 3.0 0.995 -0.6 0.95 0.96

Guanxi 1 85-08 0.8 0.995 -0.6 0.95 0.99

Hainan 2 85-10 2.6 0.995 -0.6 0.96 0.80

Chongquing 1 85-10 1.6 0.995 -0.6 1.00 1.01

Sichuan 1 85-10 1.6 0.900 -0.2 0.92 1.25

Guizhou 1 85-10 0.8 0.995 -0.4 1.00 0.99

Yunnan 1 85-09 1.6 0.995 -0.6 0.98 0.91

Tibet data

Shaanxi 1 85-10 1.8 0.985 0.6 0.99 0.94

Gansu 2 85-09 1.8 0.995 -0.3 0.90 0.95

Qinghai data

Ningxia data

Xinjiang 2 85-10 0.6 0.995 -0.6 0.93 0.68

Median 1.7 0.995 -0.6 0.95 0.97

Mean 2.0 0.963 -0.4 0.93 0.97

Results obtained from a three dimensional grid search by minimizing the square

distance between the real and estimated CA/NO. Tibet, Qinghai and Ningxia are

excluded because of data issues.



Table 2: Channels of external adjustment
nfi glob tilting dom tilting net output unexpl

Beijing 0.01 -0.24 0.55 0.39 0.30

Tianjin 0.03 -0.01 -0.12 0.94 0.16

Hebei 0.00 -0.02 1.23 -0.48 0.28

Shanxi -0.02 0.00 0.74 0.20 0.08

Inner Mongolia 0.00 0.02 0.00 0.80 0.18

Liaoning 0.00 0.07 -0.77 1.68 0.02

Jilin 0.00 0.00 0.30 0.61 0.08

Heilongjiang 0.02 -0.02 0.42 0.16 0.42

Shanghai -0.01 -0.05 0.18 0.82 0.06

Jiangsu 0.01 -0.02 0.56 0.58 -0.13

Zhejiang 0.06 -0.04 1.16 -0.13 -0.05

Anhui 0.14 -0.28 -0.43 1.56 0.01

Fujian 0.01 -0.15 1.63 -0.51 0.02

Jiangxi 0.01 0.18 1.24 -0.31 -0.11

Henan -0.03 1.43 0.00 -0.21 -0.19

Hubei 0.07 -0.61 0.00 1.41 0.12

Guangdong 0.01 -0.11 0.57 0.44 0.08

Guanxi -0.03 0.10 0.28 0.59 0.06

Hainan -0.01 0.02 -0.03 0.79 0.23

Chongquing 0.01 0.05 -0.24 1.19 -0.01

Guizhou 0.00 -0.02 0.17 0.83 0.02

Yunnan -0.01 0.06 -2.56 3.40 0.11

Shaanxi 0.01 -0.01 1.31 -0.38 0.07

Xinjiang 0.00 0.01 0.10 0.52 0.37

Median 0.00 0.00 0.23 0.58 0.07

Mean 0.01 0.03 0.16 0.72 0.08

The table presents estimates of the variance decomposition coefficients

βb, βr , β∆q, β∆no and βres.



Table 3: Panel regression of channels
coeff t-stat p-val

nfi 0.004 2.023 0.044
glob tilting -0.027 -1.069 0.286
dom tilting 0.180 3.210 0.001
net output 0.666 10.560 0.000
unexpl 0.178 3.250 0.001

Panel estimates of the respective channels from the regression xk
t = α + τt + µk +

β×
( NX

NO
)k

t + εk
t , where xk

t stands for the VAR-implied expectations of the interest

income, global tilting, domestic tilting and consumption smoothing channel. T-

statistics based on Arellano’s heteroskedasticity’s and autocorrelation-consistent

standard errors are in parentheses.
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Figure 1: Two provinces with substantial domestic tilting channel
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Figure 2: Two provinces with substantial net output tilting

1985 1990 1995 2000 2005 2010
−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

0.2

0.3

0.4

0.5

Shanghai

 

 

data
predicted
nfi
global tilting
domestic tilting
net output

1985 1990 1995 2000 2005 2010
−0.8

−0.7

−0.6

−0.5

−0.4

−0.3

−0.2

−0.1

0

0.1

Hainan

 

 

data

predicted

nfi

global tilting

domestic tilting

net output



Figure 3: Two provinces with relative mixed channels
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Figure 4: Reference interest rate
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Figure 5: Regional REER
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