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External Sector Rebalancing
and Endogenous Trade Imbalance Models

John Whalley'?

ABSTRACT I discuss the need for trade models to incorporate endogenous trade imbalances both to more ad-
equately capture the reality of a global economy with large imbalances and pressures from the finan-
cial crisis for countries to reduce imbalances. Conventional general equilibrium trade models implic-
itly incorporate monetary neutrality and either have zero trade balance as a property of equilibrium,
or have a fixed and exogenous trade imbalance. Models which are discussed here have a variety of
forms. In one, central banks fix exchange rates and operate a non accommodative monetary policy
and accumulate reserves. Changes in both trade and monetary policies change reserve accumulative
and with the external sector imbalances. This is a reflection of China’s current policy regime. In another
intertemporal preferences allow for simultaneous inter commodity and intertemporal trade across
countries, and with changed intertemporal trade changed external sector imbalances within the pe-
riod. These formulations are each applied to potential tax initiatives to aid in rebalancing.

KEY WORDS: endogenous trade model, general equilibrium, external sector imbalances

JEL Classification: F11,C68, F42, F32
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1. Introduction

Rebalancing refers to the reduction of large aggregate
imbalances, covering trade (and current account) im-
balances, public sector deficits, and high savings rates
in some countries and low savings rates in others. Here
I discuss the use of trade models with endogenously
determined external sector imbalances to analyze re-
balancing options. Conventional general equilibrium
trade models typically incorporate monetary neu-
trality and have zero trade balance as a property of
equilibrium, or specify a fixed and exogenous trade

imbalance. Here I discuss two different formulations
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of equilibrium models which allow for imbalances to
both occur and change.

2. Endogenous Trade Imbalance
Models

Conventional real side trade models (see Dixit & Nor-
man (1980)) sit as a subclass of general equilibrium
models of pure barter form, which if taken to a simple
monetized extension via a simple quantity theory of
money approach exhibit neutrality of money. In these,
in 2 country form, once domestic money supplies are
determined exchange rates are endogenously deter-
mined in such a way that changes in monetary policy
only affect exchange rates with no real effects. In such
models, in addition, trade balance by country is either
zero as a property of equilibrium; or meets an exog-
enously given inter country transfer, which is fixed and

given and implies an exogenous trade imbalance.
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To capture endogenous trade imbalances and to yield
models that can be useful in providing inputs into de-
bate on rebalancing some modification or extension is
needed. Here I focus on two such extensions. One in-
volves a monetary non-neutrality specified via the ex-
change rate regime and policies of central banks. The
other has a simple intertemporal extension to a conven-

tional single period real side model via inside money.

2.1 An Endogenous Trade Imbalance Model
with Monetary Non Neutralities
I first consider a typical 2x2x2 model with two coun-
tries, two goods and two factors of production per
country. I use the Armington assumption under which
domestic goods and imported goods are heterogeneous
to accommodate cross hauling in trade data, and also to
remove specialization problems with the model which is
important if the model is to be used in numerical simula-
tion. The two input factors are labor and capital which are
immobile across countries, but mobile across sectors.

On the production side, I will assume CES functions

for each product in each country:

a/-1 a/-1 of

O/=¢/[5/(L))" +(1-8/)(K)H 7 177,

scale parameter, §; is the distribution parameter and
o/ is the elasticity of factor substitution.

First order conditions for cost minimization imply
the factor input demand equations’,

o/

a-sHr/ o

0 > 2

K] = S/ 1 -5 @
o’ 8Pl i

L ==[6' +(1-6)[——L—]"" { 3

=+ ) 3

where P/ and P/ are the prices of capital and labor
in country ;.

On the consumption side, I assume nested CES util-
ity functions with an added labor-leisure choice in each
country to capture efficiency effects of any rebalancing
analysis on the supply side. These nested functions,
with three levels, are set out in Figure 1. The first level
captures the consumption leisure choice, the second
the domestic imported good choice, and the third the
more detailed product choice among the 2 goods.

Equilibrium in this model is then given by market
clearing prices for goods and factors in each country
such that

0/ =D/ +X/ ij=12 ()
i = sector, j = country (1)
Sr=L"-Le j=12 (5)
where Q/is the output of the i”industry in country '
Jj, Il and K/ are the labor and capital inputs, ¢; is the >k =K' j=12 (6)
. U(C, Lei) [~~~ "~~~ "7TTTTTToT Level 1
Consumption Leisure
________ . PR
UD,M) [~~~ Tt TTTTTTTTTTTTT T Level 2
Domestic _ Import
e \<
U(Xij) UXy) [~~~ TTTTTTTTTTT Level 3
. ¢
Domestic Products

Figure 1. Nesting Structure of CES Utility Functions in the Monetary Non Neutrality Model
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where D/ is consumption of domestic good i in coun-
try j,and X/ is the export of goods i by country j; T’
and X are endowments of labor and capital, and Lei, is
leisure consumption by country i.

Exports of good i by country j are denoted as X/,
and are the difference between output and domestic
demand. Import of good i by country j are denoted as
M/, and equal the other country’s export of good i in

a two country case.

X/=0/-D}
M/=X!=Q'-D! h,j=country; h,j=1,2; h=j (7)

To accommodate a trade surplus or deficit as an en-
dogenous variable in this structure, I use a monetized
extension incorporating a fixed exchange rate and non-
accommodative monetary policy, similar to that in
Whalley and Wang (2011). In this formulation prices are
denominated in domestic currency with an exchange
rate e between the two domestic moneys. Cross country
arbitrage between the country specific prices yields:

pl =ep! Lj=L2 i#j (8)

The net trade surplus §” in country ; is:
' =2plX] =) piM! ©)

where P/is the producer price of the i” product in

country j. If there is trade balance

2 RX/=) PM/ (10)

i i

as in a conventional model. Also if money only enters
the model via the transactions demand for money in
each country and for simplicity unitary velocity is as-

sumed, the money demand in country j is:
Y (p/ D +p M))=M' (11)

It is also assumed that exporters are paid in their own
country currency, where 1;,’ is the consumer price of
product i in country j, and M s country j's money
supply. In traditional models, money is neutral in the
sense that once domestic money supplies are specified,

an equilibrium exchange rate is determined indepen-
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dently of the real side, and a fixed exchange rate regime
and trade surplus does not occur. If the exchange rate
e isfixed at e , then the relative domestic money stocks
M' /M’ need to accommodate to @ so as to support it
as an equilibrium exchange rate. In this structure the
monetary regime can be non-accommodative to the
fixed exchange rate through the accumulation of re-
serves at the fixed exchange rate. In this case the trade
surplus will be endogenously determined.

If country 1 has a trade surplus S' and country 2 has
a trade deficit D?,

St=> piX; =Y piM}
D=3 piM; =3 piX; (12)

country 1’s trade surplus will equal country 2’s trade

deficit in equilibrium, and country money demands

are:

—1

M =310

M =Y p0;+8' (13)

The equilibrium conditions for the model remain (4),
(5) and (6), but at the fixed exchange rate trade imbal-

ances S' and D?are endogenously determined.

2.2 An Endogenous Trade Imbalance Model
with Intertemporal Structure

I next discuss a general equilibrium model with inter-
national trade in goods to which monetary structure
using inside money is added. This allows for the en-
dogenous determination of trade imbalances for trade
in goods, which is offset through intertemporal trade
across countries in money. The monetary structure
builds on Azariadis (1993) where there is extensive
discussion of simple overlapping generation models
with inside money. In analyzing trade, interactions
between monetary structure and commodity trade are
needed, and hence models with simultaneous inter-
temporal and inter-commodity structure.

In this general equilibrium model with monetary
structure, I assume there are two goods in each period
and allow inter-commodity trade to co-exist within
the period along with trade in debt in the form of in-

side money. I use a single period model where either
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claims on future consumption (money holding) or fu-
ture consumption liabilities (money insurance) enter
the utility function as incremental future consumption
from current period savings. This is the formulation
of inside money used by Patinkin (1947; 1971) and
Archibald and Lipsey (1960). This can also be used in
a multi-country model structure with trade in both
goods and inside money.

The general equilibrium model has multiple coun-
tries, and each country produces two goods with two
factors. The two goods are tradable goods and non-
tradable goods. The two factors are labor and capital.

On the consumption side, I again use the Armington
assumption of product heterogeneity across countries,
and assume claims on future consumption enter prefer-
ences and are traded between countries. Each country
can thus either issue or buy claims on future consump-
tion using current period income. I use a nested CES

utility function to capture consumption behaviour,

1 -1 1 o1

U XXM ) =[a g (X)) 7 +aZ (X)) 7 +

i

1 G- o

+a§(Y;) i ]ﬁ. i=country (14)

where X" denotes the consumption of non-tradable
goods in country i, X/ denotes the consumption of
Armington composite tradable goods in country i, ¥,
denotes the inside money for country i. a,, ¢, and
a,, are share parameters and o, is the elasticity of con-
sumption substitution.

Here, inside money Y, also represents country f's
trade imbalance. ¥, >0 implies a trade surplus (or
claims on future consumption); ¥, <0 implies a trade
deficit or future consumption liabilities (money issu-
ance), and ¥, =0 implies trade balance. For trade defi-
cit countries, utility will decrease in inside money since
they are issuers. In order to capture this, I use an up-
per bound Y in the utility function in a term |:Y °+Y;:|
following Whalley, Yu and Zhang (2011), and assume
that ¥°is large enough to ensure that ¥°+¥>0.

I summarize the nesting structure used in consump-
tion and production in Figure 2. The composite of trad-
able goods defines another nesting level reflecting the
country from which goods come. I assume this level 2
composite consumption is of CES form and defined as,

XIT :[z iju, x;" o; ]
J

1 o

-1 g

j = country (15)
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where X is the consumption of tradable goods from
country j in country i. If i=j this country consumes
its domestic produced tradable goods. 3 is the share
parameter for country j's tradable goods consumed in
country i. o, is the elasticity of substitution in level 2
in country i.

For a representative consumer in country i their in-
come is /,, and maximizing utility subject to budget

constraint yields

T _ ailli
bEY e (BT (pe)  +a (pe))'
N~ a,l;
i (pC‘NT)a [ail(ET)lfa_'_ alz(pcxNT)lfa_'_ als(pch)lfo']
v = %k (6)

(P Y Ty (BN ™7+ 0, (pe ™)™ + e (pe])' ™)

Budget constraints apply for each country i in the

form
P'X +pc" X + pclY, =L=wiK, +w'L, (17)

and p/, pc]" and pc are separately consumption pric-
es of composite tradable goods, non-tradable goods
and inside money in country i.

If T use the transformation y,=Y"+Y, to solve the
optimization problem, the utility function and budget

constraint become

MaXUi(XiT’XiNT’Yi):[ai?(XiT) %+

1 o1

o1 1 g-1

1
ra g (X)) 7 +ad () 7]

st. PPXT + pc XM 4 pely, =1 +pclY'=1"  (18)

The solutions to (18) are as in (16), but ¥, changes to y,.
The composite tradable goods enter the second level
and come from different countries, and the country

specific demands are

f__ BWIED
L) B e )

(19)

where pc; is the consumption price of tradable goods
in country i from country j (produced in country j),
X!P" is the total expenditure on tradable goods in
country i. The consumption price for the composite

of tradable goods is
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Production Function (CES) Consumption Function (CES)
Tradable and Non Consumption
-tradable Goods ...y Level 1
Non-tradable Goods Tradable Goods Inside Money
Labor Capital - Level 2
China UsS Germany ROW

1

P —[Z B, (pe)) 1 (20)
On the production side, I again assume CES technol-

ogy for production of each good in each country

ol ogl-1 o

0 =¢/181(L) " +(1-8K) 7 17,

i = country,l = industry (21)
where Q! is the output of the /" industry (including
tradable goods and non-tradable goods) in country i,
L and K| are the labor and capital inputs, ¢ is the
scale parameter, 8/ is the distribution parameter and
o/ is the elasticity of factor substitution. First order
conditions for cost minimization imply the factor in-
put demand equations,

ol

= 5 W o ol) 1o}
K] g [5 [ 5w 1577+ (1-5))] (22)
] Q 1 (1-0!) 160’_
L vy [6/+(1-5] )[7(1 ) 1] (23)
For global trade (or money) clearance,
DY, =0 (249)

i

Equilibrium in the model in then given by market
clearing prices for goods and factors in each country
such that

CONTEMPORARY ECONOMICS

Figure 2. Nesting Structure of Production and Consumption Functions Used in the Inter Temporal Model Functions

T T
o :iji
J

0 = XM (25)
ZKiI = E
Y=L 26)

where Q] and Q' are separately output of tradable
goods and non-tradable goods in country i. A zero
profit condition must be satisfied in each industry in
each country, such that
PO =wrK! 4wt I=T,NT (26)
where p; is the producer price of goods / in country i.
In this general equilibrium model with inside
money, deficits and surpluses in goods trade are en-
dogenously determined and policy options towards

rebalancing can be also considered.

3. Using the Models to Assess Policy
Options Towards Rebalancing

The models set out above have been used by Li and
Whalley in two recent papers which analyze the im-
pacts of VAT basis switches on trade imbalances. Li
and Whalley (2012a) apply the monetary non neutral-
ity model to an analysis of China’s VAT options since
this modeling of the exchange rate regime fairly closely
follows China. In Li and Whalley (2012b) they apply
the intertemporal trade model to simultaneous VAT
basis switches in China, the EU, and the US.
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3.1 China’s VAT Options in a Monetary
Non-neutrality Trade Model

Li and Whalley (2012a) discuss tax based initiatives in-
volving China’s VAT which could be pursued by China
to aid in rebalancing and also have the effect of partly
alleviating exchange rate pressures. Since China intro-
duced its value added tax in 1994, like most countries
around the world it has operated as a tax on imports
with exports tax free. This implies a destination basis for
the tax, as opposed to an origin basis which has imports
tax free but with exports taxed. If China were to switch
its value added tax (VAT) regime from the current des-
tination basis (DB) to an origin basis (OB), the effect
could be both to significantly reduce China’s trade im-
balance and also increase China’s and world welfare.

This effect occurs because under a VAT destination
basis, imports are taxed while input taxes are rebated
(as currently), while under an origin basis imports en-
ter tax free but exports receive no tax rebate. Earlier re-
search on the VAT has stressed the neutrality of impacts
on trade for movements between these two bases, but
for this to occur trade had to be balanced (see Krauss
and Johnson, 1974; Grossman, 1980; Whalley, 1979;
Genser, 1996). In the presence of a significant Chinese
trade surplus, using an equal yield origin basis expands
the tax base, allows tax rates to be lowered, generates
efficiency gains, and can also reduce the trade surplus
and achieve some degree of rebalancing.

They report model results for a series of model ex-
periments in a 3 good model in which the Chinese
VAT is switched from a destination to an origin ba-
sis. They calibrate their model to 2008 base year data
and perform counterfactual model experiments. All of
their results are reported as percentage changes com-
pared to the base case which has a VAT destination
basis. They are interested in trade imbalance effects,
trade effects, tax revenue effects, production effects
and welfare effects, but also report Hicksian equivalent
variations (EV) for the changes.

Their results suggest that the trade surplus in China
could decrease by 40% of its former size under VAT re-
gime switching. This could be a major contribution to
global rebalancing, and in the model is accompanied
by a welfare gain for both China and the rest of the
world. Under the basis switch, Chinese exports of ag-
riculture, manufactures and service separately change
by -10.06%, -2.99% and 5.71%, and imports of these

www.ce.vizja.pl

three kinds of products separately change by 5.60%,
13.21% and -12.26%. Agricultural output changes the
most, then manufactures and lastly services. Because
manufacturing account for most of the Chinese trade
surplus, its changes determine most of the trade im-
balance change. Although exports and imports do not
change a lot, their different signed effects decrease the

trade surplus substantially.

3.2 Multi Country VAT Options in an
Intertemporal Trade Model

Li and Whalley (2012b) use 2010 as their base year
in also building a global benchmark general equilib-
rium dataset for use in calibration and counterfactual
simulation using the trade model discussed above with
inside money. There are four countries in the model
China, US, Germany and ROW.

They point out argue that exchange rate policies are
not the only available instrument to achieve global re-
balancing, and focus on an alternative instrument, the
value added tax (VAT) and its treatment of cross bor-
der transactions. Specifically, both China and Germany
(and the EU more broadly) operate destination based
value added taxes under which imports are taxed but
exports leave the country tax free. Both have large trade
surpluses of about 5% of GDP. Switching to an origin
basis which taxes exports and allows imports tax free
entry will, given these significant imbalances, raise tax
revenues and effectively also tax imbalances potentially
lowering their size. In the US there is no VAT, but rev-
enue pressures given the debt and deficit situation could
in the next few years potentially result in its adoption.
Were this to happen, given the large US trade deficit
a VAT in the US introduced on a destination basis could
similarly serve to reduce the US imbalance. They also
suggest that an internationally coordinated indirect tax
change involving China and Germany switching to an
origin based VAT, and the US introducing a destination
based VAT could potentially lead to a significant change
in global external sector imbalances.

They then perform counterfactual simulations to
explore the effects of Chinese and German VAT regime
switching from the present destination principle to an
origin principle, and of the US adopting a destination
principle VAT. They also assess VAT switching effects
on imbalances, production, welfare and revenue both

from the whole world and individual countries.
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Their results confirm the intuition that if China and
Germany switch their VAT system from the present
destination principle to an origin principle and the US
adopts a destination principle VAT, the combined ef-
fect is to reduce imbalances for the whole world and
also for all these three individual countries. This is
good for global rebalancing. These changes also im-
prove China’s and Germany’s welfare and increases all

three countries’ revenue.

4. Concluding Remarks

Trade rebalancing has become a major focus of discus-
sion in the G20, and is now taken as a global objective
after the 2008 financial crisis. G20 summit discussions
have focused on members adjusting exchange rates.
Here, I suggest that global trade models with endog-
enous trade imbalances can be used to also assess
non exchange rate policy impacts on imbalances. For
China with a large trade surplus, VAT basis switching
from a destination to an origin basis may also be a sig-
nificant accompanying measure yielding reductions in
China’s trade imbalance of over 50% and also welfare
gains both for China and the world.

I summarize two recent applications of these mod-
els to VAT basis switches by Li and Whalley (2012a;
2012b). In the first they show how a simple basis
switch from a destination to origin basis could reduce
China’s trade imbalances by around 40%. In the second
they show significant impacts on global imbalances for
simultaneous basis switches from destination to origin
for Germany and China and the adoption of a destina-
tion basis VAT by the US.
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Endnotes
1 They can be derived by minimizing (P/L] + P{K/)
subjectto i

0/ =¢/15/(L)) 7" +(1-5/ )K" 17
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