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Abstract

Role of real and nominal exchange rates in �ows of goods and capi-
tal are evaluated theoretically using the Ricardian comparative static and
dynamic general equilibrium models. Under free trade arrangements a
low income country with lower wage cost and large endowment of labour
has comparative advantage in trade and accumulates foreign and domes-
tic capital. E¢ ciency gains from free trade enhance economic growth and
welfare of households simultaneously in both low income and advanced
economies. Empirically both static and dynamic general equilibrium mod-
els are solved and calibrated and tested with quarterly data over the time
period 1995:1 to 2009:1 on China�s relative wage cost, interest rate di¤er-
ential, and real e¤ective exchange rate (REER), relative GDP and cur-
rent account balance. Dynamic simulations are compared with predictions
from a VAR model based on impulse responses and we show how shocks
to relative wages and REER interact with relative GDP and US current
account balance. Empirical �ndings support theoretical predictions that
welfare of households in a low income country can catch up to that of
a more advanced economy as the former develops dynamic comparative
advantage and accumulates more capital through trade surplus to expand
production of both tradable and non-tradable products. These �ndings
are comparable to results in Turnovsky (1999) and Obstfeld-Rogo¤ (1996).
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1 Introduction
International economic landscape has signi�cantly changed in recent years af-
ter the expansion of G7 to G20 countries which gives greater importance to
the emerging economies such as China and India in the process of negotiations
and dialogues relating to the global economy. These emerging economies have
been able to maintain the momentum of growth that has continued even during
the �nancial crises and recessions of 2008/09. Comparative advantage in pro-
ducing goods and direction of trade have changed dramatically in recent years.
Thus it is in the interest of the more advanced economies to integrate them by
broadening the dialogue in key economic and �nancial issues (G20). Bene�ts
of such dialogue are obvious. According to WTO�s current trade pro�le, US
imports more than three times from China than it exports to China; nearly 17
percent of US total imports originate from China whereas only 5.6 percent of
US exports go to China. More scienti�c analysis of trade and exchange rate
is important in order to improve the ability of global negotiations and to en-
gage these economies towards meaningful consensus. This requires a thorough
analysis of the underlying causes of trade and capital �ows which this paper
aims to illustrate by developing Ricardian comparative static analysis and neo-
classical dynamics supported by empirical evidence on the dynamics of trade
and exchange rate between the US and China.
Analytical framework and empirical evidence are developed in three stages.

First, a comparative static analysis with focus on underlying preferences and
technology parameters are identi�ed as causes of trade and the direction of wel-
fare gains or losses in a two country trade under the Ricardian tradition. Second,
comparative static analysis is supported by a dynamic optimisation model of
trade and international capital �ows. The predictions of these two theoretical
models are tested empirically with long-run estimates, impulse responses and
variance decompositions in a structural VAR model.
The rest of the paper is organized as follows. Section 2 develops the ba-

sic model with section 3 presenting the analytical results. Section 4 presents
the dynamic version of the model with calibration results. Section 5 describes
the data, and discusses the estimation methodology and empirical results. Fi-
nally, Section 6 concludes with the main �ndings of the paper and the policy
implications.

2 Ricardian Model for Comparative Advantage

There are two countries indexed by j, producing two goods, manufacturing
and services. Each of them have an option to be self reliant or to trade on
the basis of comparative advantage. Under the ISI regimes countries favoured
to be self reliant and infant industries were protected by tari¤s and non-tari¤
barriers. After numerous rounds of trade negotiations under GATT/WTO over
the years, all countries now have realised that the autarky solutions like this
are economically ine¢ cient. In contrast trade is mutually bene�cial for trading
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nations and raises welfare in both countries. Aim of this section is to illustrate
on these statements analytically and numerically with a small and transparent
example. For this it is assumed that each country j specialises in commodities
that it is more e¢ cient and engages in trade. The exchange rate is determined
by the relative prices of two commodities in the global market.
Preferences in country j are expressed by its utility function in consumption

of good 1 and 2 , Cj1 and C
j
2 respectively:

max U j =
�
Cj1

��j �
Cj2

�1��j
(1)

Income of country j is obtained from the wage income in sector 1 and sector
2 plus the transfers to country j

Ij = wj1L
j
1 + w

j
2L

j
2 + TR

j (2)

where Lj1 and L
j
2 are labour employed in sector 1 and sector 2 wj1 and w

j
2

are corresponding wages respectively and TRj is the transfer income.
Technology constraints in sector 1 in country j

Xj
1 = a

j
1:L

j
1 (3)

where aj1 is the productivity of labour in sector 1 in country j.
Technology constraints in sector 2 in country j

Xj
2 = a

j
2:L

j
2 (4)

where aj2 is the productivity of labour in sector 2 in country j.
Resource constraint in country j de�ned by the labour endowment as:

Lj = Lj1 + L
j
2 (5)

Production possibility frontier of country j now can be de�ned as

Lj =
1

aj1
:Xj

1 +
1

aj2
:Xj

2 (6)

Given above preferences the demand for good 1 in country j is

Cj1 =
�j :Ij

P1
(7)

the demand for good 2 therefore is:

Cj2 =

�
1� �j

�
:Ij

P2
(8)

Global market clearing for good 1

NX
j

C1;j =

NX
j

X1;j (9)
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Global market clearing for good 2

NX
j

C2;j =
NX
j

X2;j (10)

Theoretically two trade arrangements are possible in this model. First one
is an autarky equilibrium in which each country is separate and isolated from
another. It produces just for its own consumption and no trade take place
between these two countries. Such autarky solution is close to the production
arrangement when countries were adopting ISI trade strategy.

Proposition 1 Autarky solution is Pareto dominated by trade equilibrium for
reasonable parameters of preferences and technology.

This is proven below by analytical and numerical solutions.

3 Analytical solutions of autarky and speciali-
sation

A Lagrangian function is used to express how each country j maximises wel-
fare subject to its production possibility frontier constraint under the autarky
equilibrium as:

$j = X
�j
1;jX

(1��j)
2;j + �

"
Lj �

1

aj1
X1;j �

1

aj2
X2;j

#
(11)

First order conditions with respect to Xj
1 and X

j
2 and � as:

@$j
@X1;j

= �jX
�j�1
1;j X

(1��j)
2;j � �

aj1
= 0 (12)

@$j
@X2;j

= (1� �j)X�j
1;jX

(��j)
2;j � �

aj2
= 0 (13)

@$j
@�

= Lj �
1

aj1
X1;j �

1

aj2
X2;j = 0 (14)

From the �rst two �rst order conditions
�jX

�j�1
1;j X

(1��j)
2;j

(1��j)X
�j
1;jX

(��j)
2;j

=
�j

(1��j)
X2;j

X1;j
=

aj2
aj1

X2;j =
(1� �j)
�j

aj2
aj1
X1;j (15)

optimal value of X1;j is found now putting this condition in the production
possibility frontier constraint.
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1

aj1
X1;j+

1

aj2
X2;j =

1

aj1
X1;j+

1

aj2

(1� �j)
�j

aj2
aj1
X1;j =

1

aj1
X1;j

�
1 +

(1� �j)
�j

�
= Lj

(16)

X1;j = �ja
j
1Lj (17)

Similarly the optimal value of X2;j is found by

X2;j =
(1� �j)
�j

aj2
aj1
X1;j =

(1� �j)
�j

aj2
aj1
�ja

j
1Lj = (1� �j) a

j
2Lj (18)

For each of j country amount produced depends on productivity and prefer-
ences parameters and the endowment of its labour input. The autarky welfare
level is:

U j = (X1;j)
�j
(X2;j)

1��j
=
�
�ja

j
1Lj

��j �
(1� �j) aj2Lj

�(1��j)
(19)

Thus the level of welfare in country j is determined in terms of its preferences
for consumption of good 1 and 2 as re�ected by �j and its own production
technology as re�ected in aj1 and aj2.
Numerical version of this model is applied to China and the US taking the

population as rough indicator of its resource in production. US has 365 million
population and China has 1200 million population. US is more productive in
producing services goods X2 whereas China has more advantage in producing
manufacturing goods X1. Preferences are similar but technologies are di¤erent.
These parameters are set out in Table 1.

Table 1: Parameters of the Autarky Model
� a1 a2 L

US 0.6 2 5 365
China 0.6 5 2 1200

Under the autarky equilibrium these two economies are completely isolated
and produce only for domestic consumption. The optimal production and con-
sumption and employment of labour for both sectors, prices of commodities and
labour, and utility for the representative household are as given in Table 2. In
per capita terms citizens of the US and China have welfare of 1.46 and 1.76
respectively.

Table 2: Parameters of the Autarky Model
X1 X2 L1 L2 U p

2

US 438 730 219 146 535.8 2.5
China 3600 960 720 480 2121.7 0.27
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Each country produces both goods in no trade equilibrium which as ex-
plained here is very ine¢ cient. Welfare can be improved by making these coun-
tries trade.

3.0.1 Analytical Solutions for Trade Equilibrium

A representative household in each country maximises its welfare subject to
its budget constraint. Demand for goods are derived by standard constrained
optimisation on supply side for each country j . Under trade equilibrium it
is optimal for each country to specialise in goods in which it has comparative
advantage. The optimisation problem and the �rst order conditions for con-
strained optimisation are given as follows:

$j = X
�j
1;jX

(1��j)
2;j + � [Ij � P1X1;j � P2X2;j ] (20)

First order conditions:

@$j
@X1;j

= �jX
�j�1
1;j X

(1��j)
2;j � �P1 = 0 (21)

@$j
@X2;j

= (1� �j)X�j
1;jX

(��j)
2;j � �P2 = 0 (22)

@$j
@�

= Ij � P1X1;j � P2X2;j = 0 (23)

�jX
�j�1
1;j X

(1��j)
2;j

(1� �j)X�j
1;jX

(��j)
2;j

=
�j

(1� �j)
X2;j
X1;j

=
P1
P2

(24)

X2;j =
(1� �j)
�j

P1
P2
X1;j (25)

P1X1;j + P2X2;j = P1X1;j + P2
(1��j)
�j

P1
P2
X1;j = Ij

X1;j =
�jIj
P1

; X2;j =
(1� �j) Ij

P2
(26)

Global market clearing conditions for goods 1 and 2 are

NX
j

X1;j = X1 (27)

NX
j

X2;j = X2 (28)

Prices adjust until this equilibrium condition holds.
Under complete specialisation, country 1 US specialises in services X2 and

produces 1825 units of it. China specialises in manufacturing X1 goods and
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produced 6000 units of it. It is easy to determine China�s income if we choose
good 1 as numeraire setting P1 = 1.

Ic = P1X1 = 1� 6000 = 6000 (29)

Relative price of good 2, P2 need to be determined to �nd the level of income
in the US. This can be done using the global market clearing condition

�u:Iu

P1
+
�c:Ic

P1
= 0:6 (1825� P2) + 0:6 (6000) = 6000 (30)

P2 =
6000� 3600

1095
= 2:192 (31)

Now it is easy to determine the income of the US as:

Iu = P2X2 = 365� 5� P2 = 1825� P2 = 1825� 2:192 = 4000:4 (32)

Since income level for both China and the US are determined, it is now easy
to determine the level of demand in both countries:

X1;u =
�uIu
P1

= 0:6 (4000:4) = 2401:6; X1;ch =
�chIch
P1

= 0:6 (6000) = 3600

(33)

X2;u =
(1� �u) Iu

P2
=
0:4 (4000:4)

2:192
= 730;X2;ch =

(1� �ch) Ich
P2

=
0:6 (6000)

2:192
= 1462:3

(34)
Solutions of both autarky and trade equilibria are given in Table 3 and 4.

Given the preferences and technology speci�cations, with complete specialisa-
tion both countries gain from trade. Comparative static analysis of trade can
be done changing the preference or technology parameters.

Table 3: Comparing Specialisation and Autarky Regimes
Production Consumption

Autarky Trade Autarky Trade
X1 X2 X1 X2 C1 C2 C1 C2

US 438 730 0 1825 438 730 1600.2 730
China 3600 960 6000 0 3600 960 3600 1642.3

Gains from trade may be distributed di¤erently across countries (Bhattarai
and Whalley (2006)). Further there are opportunities for bargaining on the
share of those gains particularly from dynamic strategic considerations and the
basic elements required for such dynamic model is provided in the next section.
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Table 4: Comparing Employment and Welfere under Specialisation and Autarky
Employment Uitlity

Autarky Trade Autarky Trade
L1 L2 L1 L2 U U
219 146 0 365 535.8 1169.1
720 480 1200 0 2121.7 2248

4 Dynamics of Two Country Two Commodity
Model of Trade and Exchange Rate

Intuition from model 1 provides grounds for examining dynamic gains from
trade and exchange rate in two country set up. Capital in�ows and out�ows
and domestic and foreign interest rates and relative prices, and wage rates.
trade balances and accumulation of net foreign assets feature prominently in
this structure. Turnovsky (1999) has some structure of this type of model (
see Obstfeld and Rogo¤ (1996) for comprehensive review of earlier models).
Each country consumes goods produced at home (x) and produced abroad (y)
and has a labour (l) along with capital stock (k) in production. Domestic
and foreign wage and interest rates and relative prices are determined by the
optimality conditions for both countries. Some structural features imposed on
those optimal conditions will cause deviation from the optimal equilibrium.
Households in country j consume goods produced at home xj and goods

produced in foreign country yj and receive utility from taking leisure lj . Thus
the intertemporal preference is represented by

max

Z 1

0

U
�
xj ; yj ; lj

�
e��t (35)

subject to the asset accumulation (budget) constraint as:

dB

dt
=

�
B = F

�
kj ; lj

�
� xj �

�
kj � rj :Bj � � j :pj :yj + T j (36)

where F
�
kj ; lj

�
is the production function,

�
kj is the investment, rj :Bj is

the debt servicing, � j :pj :yj is tari¤ paid on imports of goods, T j the amount
of transfer of tari¤ revenue to household. Model requires initial conditions as
Bj0 = b

j
0 and K

j
0
= kj0 .For simplicity it is assumed that tari¤ revenues balance

with transfer payments of households as:

pj :
�
� j � 1

�
:yj = T j (37)

Firm�s problem in country j is to maximize its long run pro�t:

max

Z 1

0

�
F
�
kj ; lj

�
� rj :kj � wj :lj

�
e�

R t
0
rj(s)dsdt (38)
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Investment adds to the capital stock as:

�
kj = Ij (39)

Hamiltonian in country j problem taking above constraints is:

H =

Z 1

0

U
�
xj ; yj ; lj

�
e��t+�

Z 1

0

�
F
�
kj ; lj

�
� xj �

�
kj � rj :Bj � � j :pj :yj + T j

�
(40)

The optimal allocation of resources in this model require solving �rst or-
der conditions (FOC) with respect to domestic and foreign goods leisure, and
shadow prices as:
domestic good:

U jx(x) = �
j (41)

consumption of foreign good:

U jy (y) = �p
j� j (42)

labour supply (leisure):

U jl (l) = ��Fl
�
kj ; lj

�
(43)

shadow prices :

rj = �j �

�
�j

�j
(44)

In the production side the capital market equilibrium condition requires
rental rate be equal to the interest rate as:

F jk
�
kj ; lj

�
= rj (45)

and the boundary condition

lim
t!1

�jBje��
jt = 0 (46)

Interest parity conditions link the interest rate and exchange rate of the US
relative to china when trade is open between two countries.
Capital market equilibrium was given in the marginal productivity condition

above, which implies from the interest rate parity condition

ru = rc +

�
p

p
(47)

where
�
p
p is the relative price of goods x and y in the global market.
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Further from the optimality conditions on shadow prices the marginal utility
conditions in two countries are:

�u = �p�c (48)

where � is a constant.
Labour is mobile across sectors within a country but immobile between two

countries. Wage rate within country j equals the marginal production of labour
as:

F jl
�
kj ; lj

�
= wj (49)

However for reasons of immobility across border China with abundant labour,
labour endowment has lower wage rate than the US

F cl (k
c; lc) = wc < wu = Ful (k

u; lu) : (50)

Global goods market equilibrium condition is:

Fux (k
u; lu) + F cx (k

c; lc) = xu + xc +
�
kux +

�
kcx (51)

Fuy (k
u; lu) + F cy (k

c; lc) = yu + yc +
�
kuy +

�
kcy (52)

Capital in country j is owned by residents for foreigners and thus its com-
position is given by:

ku = kud + k
u
f (53)

kc = kcd + k
c
f (54)

Wealth of country j similarly constitutes the wealth owned by its own resi-
dents and foreigners:

Wu = kud + k
c
f (55)

W c = kcd + k
u
f (56)

Net foreign asset position is given by the di¤erence of how much capital is
owned domestically relative to foreign investors:

Bu = kud � kuf (57)

Bc = kcd � kcf (58)

There are taxes on capital income at home and abroad:

Tu = �u:ru:kud :+ �
u:ru:kuf + �

u:rc:kcf (59)
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T c = � c:rc:kcd:+ �
c:rc:kcf + �

c:ru:kuf (60)

Above equilibrium conditions underpin the dynamics of the economy with
the regular concavity or convexity conditions of the demand and production
functions this system must converge to the steady state, the long run equilibrium
of the economy.

Proposition 2 Steady state and transitional dynamics of the economy are de-
termined by relative prices of goods, factors and assets between trading nations.

5 Steady State in the Neoclassical Model of Trade
and Exchange

Steady state equilibrium of the dynamic model is pegged to the market equilib-
rium conditions in capital, labour and goods markets.

Fuk (k
u; lu) = ru = F ck (k

c; lc) = rc = r (61)

�
p

p
=

�
�u

�u
�

�
�c

�c
(62)

These conditions imply that the Pareto optimal dynamic allocations and
the steady state allocations implicitly could be stated for domestic and foreign
goods for the US and China in terms of inter-temporal preferences and capital
stock, which are given as:

~

xu = x

�
~

ku; �u
�

(63)

~

yu = y

�
~

ku; p; �u; �u
�

(64)

~

xc = x

�
~

kc; �c
�

(65)

~

yc = y

�
~

kc; p; � c; �c
�

(66)

Obviously further capital accumulation or the net accumulation of foreign
asset in this model improves the level of demand for both domestic and for-
eign products. Thus this solution shows the interdependency among countries
constituting the global economy.
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6 Transitional Dynamics

It takes long time for the economy to converge to the steady state. The transi-
tion path towards the steady state is determined in terms of price adjustment
equations, excess demand functions, or asset adjustment equations.
Price adjustment process in country j is given by:

�
�j = �j

�
�j � rj

�
kj ; �j

��
(67)

O¤ the steady state, the excess supply function for the US and China are
respectively as follows:

�
ku = [F (ku; lu)]� xu (�u)� xc (� c�u�) (68)

�
kc = [F (kc; lc)]� xc (�c)� xu (�u�c�) (69)

Asset accumulation occurs due to trade surplus and returns on the previous
investment as:

�
B
c

= rc:Bc + xc (� c�u�)�
�
�c

�u�
y

�
� c�c

�

�
(70)

In short, the long run equilibrium is given by the balance between the de-
mand and supply and convergence between them. These conditions are smooth
in good times but can be very wild as in the current economic crises when in-
ternational demand or supply shocks hit these economies. How these shocks
have a¤ected these economies in the past and how are they likely to respond to
them in future years in the real world situation will be studied on the basis of
VAR model estimated from a quarterly dataset on relative wage cost, interest
rate di¤erential, real e¤ective exchange rate, import prices, relative GDP and
US current account balance, in the next section.

7 Empirical Analysis on Trade and Exchange
rate

Empirical support for the dynamics of trade and exchange rates as proposed in
the above models is found using a structural VAR models (see for example, Sim
(1980, 1986), Bernanke(1986), Enders (1995), Garratt et al. (2003), and Ra�q
and Mallick (2008)). Structural VAR is popular for this type of study as it allows
to put restrictions based on the theoretical predictions in the above model. We
limit our analysis to �ve variables that include relative wage between China and
the US (wcu), interest rate di¤erential between China and the US (rcu), Chinese
real e¤ective exchange rate (e), US relative GDP between China and the US
(rycu) and the current account balance (CAu) . The raw time series of these
data are presented in Figure 1. When the Chinese economy has been growing
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rapidly, the exchange rate being �xed leads us to use China�s real exchange
rate rather than the nominal exchange rate. By doing so, we are also capturing
the relative price e¤ect. China�s unit labour cost (ULC) is measured as total
wage bill over real output (nominal output divided by CPI (1985=100)). Then
relative wage is calculated by dividing ULC-China over ULC-US. Relative GDP
on the other hand has been de�ned as Chinese GDP in dollar terms over US
GDP. We calculate interest rate di¤erential as the di¤erence between Chinese
average inter-bank rate and US 3-month Tbill rate. Current account balance for
the US is used as the percentage of US nominal GDP. With these �ve variables,
we formulate a �rst -order structural VAR of the following form:

266664
b11 b12 b13 b14 b15
b21 b22 b23 b24 b25
b31 b32 b33 b34 b35
b41 b42 b43 b44 b45
b51 b52 b53 b54 b55

377775
266664
wcu;t
rcu;t
ec;t
rycu;t
CAu;t

377775 =
266664
b10
b20
b30
b40
b50

377775+
266664

11 
12 
13 
14 
15

21 
22 
23 
24 
25

31 
32 
33 
34 
35

41 
42 
43 
44 
45

51 
52 
53 
54 
55

377775
266664
wcu;t�1
rcu;t�1
ec;t�1
rycu;t�1
CAu;t�1

377775+
266664
"wt
"rt
"et
"ryt
"cat

377775
(71)

where matrix notations can be employed for more exact representation.

Xt =

266664
wcu;t
rcu;t
ec;t
rycu;t
CAu;t

377775 ; Xt�1 =
266664
wcu;t�1
rcu;t�1
ec;t�1
rycu;t�1
CAu;t�1

377775 ; "t =
266664
"wt
"rt
"et
"ryt
"cat

377775 (72)

or compactly the path ofXit is a¤ected by both contemporaneous and lagged
e¤ects of Xjt as measured by �0 and �1 and its own past values :Consider

Xt = B
�1�0 +B

�1�1Xt�1 +B
�1"t (73)

B�1 =

266664
b11 b12 b13 b14 b15
b21 b22 b23 b24 b25
b31 b32 b33 b34 b35
b41 b42 b43 b44 b45
b51 b52 b53 b54 b55

377775
�1

�0 =

266664
b10
b20
b30
b40
b50

377775 ;

�1 =

266664

11 
12 
13 
14 
15

21 
22 
23 
24 
25

31 
32 
33 
34 
35

41 
42 
43 
44 
45

51 
52 
53 
54 
55

377775
The reduced form of this VAR system is then given by:

Xt = A0 +A1Xt�1 + et (74)

where A0 = B�1�0, A1 = B�1�1; et = B�1"t
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Reduced form is estimated with the available data; then structural shocks are
retrieved using et = B�1"t This requires estimation of the variance covariance
matrix of the error term

X
=

266664
�11 �12 �13 �14 �15
�21 �22 �23 �24 �25
�31 �32 �33 �34 �35
�41 �42 �43 �44 �45
�51 �52 �53 �54 �55

377775 (75)

where �ij = 1
T

TP
t=1
eije

0

ij

VAR is a-theoretic. In order to understand the long-run dynamics, we per-
form impulse response shock analysis, as the results from impulse responses
are more informative than the estimated VAR regression coe¢ cients (see Stock
and Watson, 2001). It is customary to impose restrictions on coe¢ cients based
on prior economic theory. These restrictions can be on parameters, variance
covariance matrices or symmetry.266664

a11 0 0 0 0
a21 a22 0 0 0
a31 a32 a33 0 0
a41 a42 a43 a44 0
a51 a52 a53 a54 a55

377775
266664
wcu;t
rcu;t
ec;t
rycu;t
CAu;t

377775 =
266664
"wt
"rt
"et
"pmt
"cat

377775 (76)

Quarterly observations from 1995-Q1 to 2009-Q1 are used to estimate the
model with two optimal lags. All the data have been gathered from Datastream
and the variables are plotted in Figure 1. Since there is evidence of a structural
break around 1994Q1 in China (see for example Baak (2008)), our sample in
this paper starts from 1995Q1. Furthermore there is unavailability of quarterly
data for the variables involved in this paper prior to 1995Q1.

14



Figure 1: Plot of time series used in the VAR
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7.1 Impulse response Analysis

The VAR is formulated with the following ordering: relative wage, interest rate
di¤erential, Chinese REER, relative GDP, and US current account balance.
Shocks are extracted by applying a recursive identi�cation structure with the
above ordering. All the estimations have been carried out using RATS econo-
metric software.
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Errors of the reduced form equations are related to the structural parameters
as: 266664
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Introducing more simplifying assumptions:
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where �i =

266664
a11 a12 a13 a14 a15
a21 a22 a23 a24 a25
a31 a32 a33 a34 a35
a41 a42 a43 a44 a45
a51 a52 a53 a54 a55
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�i;j(n)

are impulse response coe¢ cients for equation n. More compactly this can be
represented as:

xt = �+

1X
i=0

�i(i)�t�i (80)

Given the higher US imports (more than three times the amount they ex-
port), incurring a huge overall trade de�cit, there is a growing pressure on China
to raise the value of its currency, particularly from the US. This concern can
be assessed via a structural VAR exercise whether the de�cit is due to relative
domestic demand or relative prices (real exchange rate). We therefore have used
relative GDP and REER as a relative price variable. The impulse responses of
REER shocks on relative GDP show that REER appreciation harms Chinese
exports thereby helping US GDP increase faster than Chinese GDP, thereby
leading to a decline in relative GDP between the two countries. This suggests
that Chinese yuan real appreciation is required to ensure sustainability, as rel-
ative GDP shocks only lead to short-run appreciation in REER (see Figure
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4). Xu (2008) reports a statistically signi�cant long-run relationship between
the RMB/dollar exchange rate and the US trade de�cit with China, suggest-
ing a need for China to adjust its exchange rate policy to help reduce the ever
mounting US trade de�cit.

Table 1: Matrix of long-run e¤ects
Shocks in �! rw ird reer ry cab
rw 3.2255* 0.3625 1.2820 -3.2287* -1.3144
ird -0.0257 0.0579 0.0007 0.0378 0.0326*
reer -2.2766* 0.0241 1.1561* 1.2616 1.1909*
ry 0.8502 1.4324 1.0553 -1.9516* -0.1373
cab -0.6550 3.7211 2.3668 -4.2768* 4.1669*

:
Table 2: Matrix of Short-run e¤ects
Shocks in �! rw ird reer ry cab
rw 0.7758* 0.0000 0.0000 0.0000 0.0000
ird 0.0005 0.005* 0.0000 0.0000 0.0000
reer -0.1080 -0.0349 1.5472* 0.0000 0.0000
ry -0.002 -0.0003 -0.0114 0.0626* 0.0000
cab -0.6583 2.6703 0.4887 -1.5658* 6.4793*

Impulse responses for the empirical model are presented in Figures 2 to 5.
IRD appears to be purely exogenous, as none of the included variables signif-
icantly in�uence it in the long-run. This result is in line with earlier evidence
that in China, interest rates have not been an important monetary policy tool
(see Mehrotra, 2007). In the long-run, China�s interest rate di¤erential with
the US and REER shocks are positively related, while China�s REER responds
positively to shocks in all the four variables in the short-run, except the rela-
tive wage shock to which the REER responds negatively, which can happen via
price adjustment by Chinese exporters (given �xed nominal exchange rate) on
the back of lower pro�t mark-up in order to maintain its market share in the US.
Under an unanticipated RMB real appreciation; the impulse responses suggest
that Chinese GDP decline more than the US GDP. To prevent such outcome, it
is likely that Chinese exporters could change their export prices via adjusting
pro�t margins in order to o¤set the impact of real currency appreciation (see
Bergin and Feenstra, 2009; Witte, 2009).
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Figure 2: IRFs for relative wage shocks

Figure 3: IRFs for shocks in interest rate di¤erential
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Figure 4: IRFs for Chinese REER shocks

As an important international competitiveness indicator, REER can provide
a reliable gauge of price competitiveness about the relative pro�tability of Chi-
nese traded goods. The results in Figure 4 imply that there could be loss in
competitiveness due to RMB appreciation, leading to a decline in Chinese GDP
relative to the US. On the other hand, following a shock to relative GDP as
in Figure 5, relative wage in China increases, thus lowering China�s trade com-
petitiveness and thus helping improve US current account balance. Thus lower
production cost remains the key to China�s trade competitiveness with the US.
From Figure 6, it is clear that US current account balance can improve if it is
accompanied by China�s REER appreciation and an increase in China�s relative
wage.
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Figure 5: IRFs of relative GDP shocks

Figure 6: IRFs for shocks in US current account balance

The derived structural shocks are shown in Figure 7. Estimated structural
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shocks do tend to capture the turning points.
Figure 7: Derived structural shocks

8 Variance Decomposition

Let us start from the reduced form:

Xt = A0 +A1Xt�1 + et (81)

from successive iteration this reduces to

EtXt+n =
�
I +A1 +A

2
1 +A

3
1 + ::::::+A

n�1
1

�
A0 +A

n
1Xt + et (82)

Forecast error is given by�
et+n +A1et+n�1 +A

2
1et+n�2 + ::::::+A

n�1
1 et+1

�
A0 +A

n
1Xt (83)

Xt+n � EtXt+n =
n�1X
i=0

�i(i)�t+n�i (84)

Taking only one equation
wt+n � Etwt+n = �11(0)�wt+n + �11(1)�wt+n�1 + ::: + �11(n � 1)�wt+1 +

�12(0)�rt+n + �12(1)�rt+n�1 + :::+ �12(n� 1)�rt+1
+�12(0)�et+n + �12(1)�et+n�1 + :::+ �12(n� 1)�et+1
+�12(0)�pmt+n + �12(1)�pmt+n�1 + :::+ �12(n� 1)�pmt+1
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+�12(0)�cat+n + �12(1)�cat+n�1 + :::+ �12(n� 1)�cat+1
Variance of n-step ahead forecast error is

� (n)
2
w = �2w [�11(0) + �11(1) + :::+ �11(n� 1)] + �2r [�12(0) + �12(1) + :::+ �12(n� 1)] +

�2e [�12(0) + �12(1) + :::+ �12(n� 1)] + �2pm [�12(0) + �12(1) + :::+ �12(n� 1)] +
�2CA [�12(0) + �12(1) + :::+ �12(n� 1)] (85)

Variance decomposition in terms of variances of shocks �wt , �rt; �et; �pmt
and �cat.
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� (n)

2
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� (n)

2
w

(86)

Thus the variance decomposition is �nding the proportion of variance ex-
plained by a variable�s own shock(�wt) versus the variance explained by shock
to the other variables �rt; �et; �pmtand �cat. The variance decomposition for the
empirical model is presented in Table 3. In the variance decomposition analysis,
nearly 75% of the variation in US current account balance is explained by its
own shocks, and relative GDP explains 29% of the variation in relative wage. As
nearly 25% of the variation in US current account balance is explained by inter-
est rate di¤erential (11%), REER (5%), relative GDP (6%) and China�s wage
cost (3%), this could suggest that China�s exchange rate appreciation might
not solve the enlarging US current account de�cits. However from the long-run
and short-run parameter estimates, higher relative GDP of China does have a
signi�cant e¤ect on lowering current account balance, and from variance decom-
position results, 12% of the variation in relative GDP is on the back of China�s
relatively lower wage cost. Figure 2 shows that following a relative wage shock,
relative GDP declines with either loss of income for the low-wage country or the
rise in income for the high-wage country.

Table 3: Variance Decompositions (k = 30)
Shocks in # rw ird reer ry cab

rw 0.43891 0.03664 0.21193 0.12387 0.02668
ird 0.14291 0.75010 0.03689 0.09665 0.11266
reer 0.08287 0.03193 0.64079 0.11419 0.04616
ry 0.28609 0.06602 0.03465 0.63737 0.06095
cab 0.04923 0.11531 0.07573 0.02791 0.75355

To further validate this result, a 6-variable VAR has been formulated by
adding US import price as another variable in the VAR, following an over-
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identi�ed SVAR strategy (Sims-Zha) and impose the restrictions in the matrix
below:26666664

1 a12 0 0 a15 0
0 1 a23 0 a25 0
a31 a32 1 a34 a35 a36
a41 0 a43 1 0 a46
a51 a52 0 0 1 a56
0 0 a63 a64 0 a66

37777775
The technique draws a set of posterior samples from the VAR coe¢ cients

and computes impulse responses for each sample. These samples are then sum-
marized to compute MC-based estimates of the responses using the error band
methods in Sims and Zha (1999). The con�dence bands are drawn by taking
draws from the posterior distribution and identifying the shocks. The bands are
modelled as the 16 and 84 percentile quantities for the response, which if the
distribution is normal, these quantiles would correspond to a one standard devi-
ation band as recommended by Sims and Zha (1999)1 . These responses further
help pinpoint the e¤ects of di¤erent shocks, consistent with the earlier results
from recursive factorisation (see �gure 7). The results further pinpoint how
China�s heavily managed exchange rate contributes to its huge trade surplus
with the United States. The �xed peg currency regime of China could act as
a form of "exchange rate protection", alongside China�s comparative advantage
coming from lower relative wage cost, which remain central to any explanation
of global imbalances. With import prices as an additional variable in an over-
identi�ed SVAR, we show that higher import price shock (4th column, Figure
7) could immediately worsen US current account balance if China�s �xed peg is
replaced, but it will help improve the US external balance in the medium run.

1Sims and Zha (1999) found that the impulse responses from a VAR have highly asymmetri-
cal distributions. As a result, the use of one or two standard error bands can give a misleading
impression about the shape. Hence, Sims and Zha (1999) argue in favour of fractiles with 16
and 84 percentiles.
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Figure 7: IRFs from over-identi�ed SVAR

9 Conclusion

Role of real and nominal exchange rates in �ows of goods and capital are evalu-
ated theoretically using the Ricardian comparative static and dynamic general
equilibrium models. Under free trade arrangements a low income country with
lower wage cost and large endowment of labour has comparative advantage in
trade and accumulates foreign and domestic capital. E¢ ciency gains from free
trade enhance economic growth and enhance welfare of households simultane-
ously in both low income and advanced economies. Empirically both static
and dynamic general equilibrium models are solved and calibrated and tested
with quarterly data over the time period 1995:1 to 2009:1 on China�s relative
wage cost, interest rate di¤erential, and REER (with US import price in an
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overidenti�ed VAR), China�s relative GDP and the US current account bal-
ance. Decomposition of the variance of shocks and impulse response analysis
are used to examine the size and the speed of adjustments to shocks. Dynamic
simulations are compared with VAR predictions and impulse response analyses
to show how shocks to China�s wages and exchange rates interact with import
prices and current account balance in the US. Empirical �ndings support theo-
retical predictions that welfare of households in a low income country can catch
up to that of a more advanced economy as the former develops dynamic compar-
ative advantage and accumulates more capital through trade surplus to expand
its production of both tradable and non-tradable products. These �ndings are
comparable to results in Turnovsky (1999) and Obstfeld-Rogo¤ (1996). In the
long-run, China�s interest rate and exchange rate shocks are positively related,
while China�s REER responds negatively to US import price shocks, which can
happen via price adjustment by Chinese exporters (given �xed nominal exchange
rate) on the back of lower wage cost in order to maintain its market share in
the US. This suggests that although China�s �xed peg makes the Renminbi
undervalued, yet changes in the REER bear little on the US external balance,
thus attributing the real shocks (relative wage and relative GDP) as the key
determinants of persistent external imbalance in the US.

References

[1] Baak, S.J. (2008) The bilateral real exchange rates and trade between China
and the U.S., China Economic Review, 19 (2): 117-127.

[2] Bergin, P.R., and R.C. Feenstra (2009) Pass-Through of Exchange Rates
and Competition between Floaters and Fixers, Journal of Money, Credit
and Banking, 41 (s1): 35-70.

[3] Bernanke(1986) Alternative Explanation of Money-Income Correlation,
Carnegie Rochester Conference Series on Public Policy, 25 49-100.

[4] Bhattarai and Whalley (2006) Division and Size of Gains from Liberaliza-
tion of Trade in Services, Review of International Economics, 14:3:348-361,
August.

[5] Enders, W. (1995) Applied Econometric Time Series, John Wiley.

[6] Garratt A., K. Lee, M.H. Pesaran and Y. Shin (2003) A Structural
Cointegration VAR Approach to Macroeconometric Modelling, Economic
Journal,113:487:412-455.

[7] G20 (2009) http://www.g20.org/

[8] Mehrotra, A.N. (2007) Exchange and interest rate channels during a de-
�ationary era� Evidence from Japan, Hong Kong and China, Journal of
Comparative Economics, 35 (1): 188-210.

25



[9] Neary P. J. (2009) Putting the "New" into New Trade Theory: Paul Krug-
man�s Nobel Memorial Prize in Economics, Scandinavian Journal of Eco-
nomics, 111(2): 217-250.

[10] Obstfeld M. and K. Rogo¤ (1996) Foundation of International Macroeco-
nomics, MIT Press.

[11] Ra�q, M.S. and S.K. Mallick (2008) The e¤ect of monetary policy on output
in EMU3: A sign restriction approach, Journal of Macroeconomics, 30 (4):
1756-1791.

[12] Sim C.A (1980) Macroeconomics and Reality, Econometrica, 48:1 Jan.1
-45.

[13] Sims, C.A. and T. Zha (1999) Error Bands for Impulse Responses, Econo-
metrica, 67 (5): 1113-1155

[14] Stock, J.H., and M.W. Watson (2001). Vector Autoregressions, The Journal
of Economic Perspectives, 15 (4): 101-115.

[15] Turnovsky S. (1999) International Macroeconomic Dynamics, MIT Press.

[16] Xu, Zhenhui (2008), China�s Exchange Rate Policy and Its Trade Balance
with the US, Review of Development Economics, 12 (4): 714-727.

[17] Holly S and M Weale Eds.(2000) Econometric Modelling: Techniques and
Applications, the Cambridge University Press.

[18] Witte, M.D., (2009) Pricing to Market: Chinese Export Pricing to the USA
after the Peg, China & World Economy, 17 (2): 65-78.

26



A Appendix

Detailed derivation of structural coe¢ cients.
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