IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1995

Current account determination in the
intertemp oral framework: an empirical analysis

Ferdaus Hossain
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

b Part of the Finance Commons, and the Finance and Financial Management Commons

Recommended Citation

Hossain, Ferdaus, "Current account determination in the intertemporal framework: an empirical analysis " (1995). Retrospective Theses
and Dissertations. 10940.
https://lib.dr.iastate.edu/rtd /10940

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/345?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/631?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/10940?utm_source=lib.dr.iastate.edu%2Frtd%2F10940&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
contiming from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustraticns
appearing in this copy for an additional charge. Contact UMI directly
to order.

UMI

A Bell & Howell information Company
300 North Zeeb Road. Ann Arbor. Mi 48106-1346 USA
313:761-4700 800.521-0600






Current account determination in the intertemporal framework:

An empirical analysis
by
Ferdaus Hossain

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillment of the
Requirements for the Degree of

DOCTOR OF PHILOSOPHY

Department: Economics
Major: Economics
Approved:

Signature was redacted for privacy.

Signature was redacted for privacy.

In-Charge of Maior Work
Signature was redacted for privacy.

Egr the Major AJepartment
Signature was redacted for privacy.

For the Graduate Collegé N

Iowa State University
Ames, lowa

1995



UMI Number: 9540900

UMI Microform 9540900
Copyright 1995, by UMI Company. All rights reserved.

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

300 North Zeeb Road
Ann Arbor, MI 48103



ii
TABLE OF CONTENTS

CHAPTER 1. INTRODUCTION .....ccootriririreniinrnenncsnsnsiesinisssssssisnesssnsssesessasssssssessens 1
CHAPTER 2. SURVEY OF LITERATURE .........cccccovevrevrerenunncnee e ereeteaenaes 6
Theoretical ANALYSIS ...c.ccceeririreririreereiierieereesseestreseassesseessesessssasssssntessaasssssesssnssnes 6
EmDPirical ANalysis......ccccerveriiecreerreiireieiiieeineeseneersnecseesssenoseessnesesnsesssenessensaessnsans 25
CHAPTER 3. MODEL AND DATA ......oocieinececteenneenieennsaeeesssssesaosssnssnsassessens 32
Conceptual Model.........cocouiiiiiiiiicinciniiennnst s ssess e 32
INCOME.....cociiiiiiitctrit sttt sass st e 32

RElative PriCE....c.cciuiuieieriticnicnectnei et scese et sb e st sseaas 36
Description and Data and Variables...........cc.ccccccevirvimnvinnnininiennnninicnccrececenenne 51
CHAPTER 4. UNIVARIATE PROPERTIES OF THE DATA: UNIT ROOTS .......... 57
Unit RoOtS in Time SEIIES......cccoviiiiivericnirenreereenee et seeseinsesssessesseesaecsssnossane 57
Testing for Unit ROOS ...ccouerviriiiiniiiiciitcctetceie st eeiniees et e sas e 60

The Augmented Dickey-Fuller Test .......cocveerniciienninnniiiceneneiecneenaees 60

Practical Problems in Testing for Unit ROOtS ........cccoeeueeiiiinineccninnnnee 62
Deterministic Components in the Data and Unit Roots Tests ................... 67

Empirical ReSUltS......cccveviniiiierieee ettt e s sae s 69
Results of Unit Roots Tests: The United States.........ccovevrvivinirncniiinesennins 69

Results of Unit Roots Tests: Japan ...........cccccvicvevivenrenciennccensineeseeeeeees 81



CHAPTER 5. TRANSITORY AND PERMANENT COMPONENTS IN INCOME

AND REAL EXCHANGE RATE .....cirritiniiinriinreenerstecriesessssesssnesssssessesssonns 93
Transitory and Permanent Components in Time Series .........cccovevviereernnreerenrennnes 94
Decomposition of Time Series into Transitory and Permanent Components........ 95
Univariate Decomposition: The Beveridge-Nelson Method ..................... 96
Bivariate Decomposition: The Blanchard-Quah Method ...............cc....... 100

CHAPTER 6. LONG RUN RELATIONSHIP:

COINTEGRATION AND ERROR CORRECTION .......ccccccvemereereneenvereereerenrene 108
Cointegration and Error COITECHION ...........ccccemviriemietniectnienrnerenesessseeseesessessssenee 108
Testing for CoINEGIatioN........c.cvtriciitrrireeenieerentiiiriee et secesseeesessseeseesasessesenes 112
Single Equation Method: The Engle-Granger Procedure.............ccccc.... 112
Systems Method: The Johansen Procedure............ccccooccvereecenreenenvenrennnns 115
Empirical Results.........c.ccoruiiieiieiiecrriecenne et erecrests s sescsesessnssee s 120
Cointegration Analysis: The _United States......ccoeveeerrieneeeeeee e 121
Cointegration Analysis: JAPan .........cccceevieeieeeeieercecserecee e eaerecnnensens 135

CHAPTER 7. SHORT RUN DYNAMICS: IMPULSE RESPONSE AND

INNOVATION ACCOUNTING......cocterieririrrtieieeieeeeeeesseneeesaseesnesseeevnenseene 147
EITOr COITECHON ....cceiiiiiiiiieectcttcttrtee ettt et ssneenar e 147
Adjustment to Long-run Equilibrium: The United States...........c..couven.... 149

Adjustment to Long-run Equilibrium: Japan .............ccccocevvvvveerreivennnnns 150



iv

Impulse Response FUNCLION ..ottt ecence s 151
Impulse Response of Current Account Balance: The United States........ 153

Impulse Response of Current Account Balance: Japan............ccocveernnnnn. 162

Variance DecoOmPOSItION. ......ceocvreverirrccnrenercireseestee e stessesreeassaessesssssassananes 172
Forecast Error Variance Decomposition: The United States.................... 173

Forecast Error Variance Decomposition: Japan...........c.cccceeeereeeeieerennns 179

CHAPTER 8. SUMMARY AND CONCLUSIONS.......ccccoeemirnnenenirrenenisnsanennne 188
REFERENCGES .......oiitrtntiinictecesecniensansessessesessesssesessesessssssasessssesssassssssssessasssssaesens 191
APPENDIX A ...ttt ettt s ses e asssanestsesssasesssntsssessesannas 200
APPENDIX B .....ooiiiiiitriiinsctrttsscstecstssesese s setaeessnesssssssssessssssestosesensesens 203
APPENDIX C ...ttt teteaesisseetsestesesesssse s onasessesasnsssensessssssssssensossssssesns 205
APPENDIX Dottt csestses s tsesssae et as e sesesenens 209

ACKNOWLEDGMENTS ......ooiiiiiitntnce st ese e e secesseesssssaenaes 215



CHAPTER 1. INTRODUCTION

Over the years an extensive empirical literature has grown that attempts to model
the behavior of the current account balance of a country. In recent years such modeling
efforts have shifted the focus away from the static Keynesian saving and investment
functions, towards analyses based on intertemporal optimization. The current account of a
country is, by national income accounting relationship, the difference between saving and
investment of that country. Therefore it follows that the factors that are relevant for
saving and investment decisions have direct bearing on the current account balance of the
country. However, saving and investment decisions are inherently forward-looking and
dynamic in the sense that they involve intertemporal choice: present as well as future
considerations enter the decision making process. Static analysis in general, and
Keynesian static models in particular, are not suitable to accommodate the intertemporal
nature of the decision-making process that determines saving and investment, and hence
current account balance. Recently many authors have tried to capture the intertemporal
aspect of the issue by casting the problem of current account determination in an
intertemporal framework. In this framework of analysis, response of an economic agent
to exogenous disturbances in his/her economic environment depends on the entire time
path of the disturbance sequence.

Real income and relative price (terms of trade) changes have always occupied the

central position in the analysis of current account. Unlike the traditional static models, the



intertemporal analysis distinguishes between the effects of permanent and transitory
changes in income and relative price. For example, Sachs (1981) demonstrates how a
permanent real income change may have a different effect on current account compared
with that of a transitory change in income. Incorporating a version of the Life Cycle
Permanent Income Theory of Consumption, he shows that a permanent change in real
income leaves the current account balance unaffected as both consumption and income
change by similar magnitude. On the other hand, a transitory increase in income improves
the current account balance as consumption increases by less than income. However, if
the income increase is induced solely by demand expansion then such an income change
tends to deteriorate the current account balance.

The effects of changes in relative price on the current account balance of a country
(assumed to be a small open economy) have been the subject of some controversy since
the 1950s when Harberger (1950) and Laursen and Metzler (1950) developed what has
come to be known in the literature as the Laursen-Metzler effect. In essence they argue
that a deterioration of the terms of trade (relative price across countries) of a country
lowers its real income, and therefore, lowers savings. Given investment, the fall in
savings leads to a deterioration of its current account balance. The effect of terms of trade
changes on current account has been re-evaluated within the intertemporal framework of
analysis. The re-appraisal was initiated by Obstfeld (1982) and has been further pursued
within a variety of related frameworks by other authors. All these analyses carry one

essential message: transitory and permanent, as well as anticipated and unanticipated,



disturbances in income and terms of trade have different effects on the current account
balance of a country.

Another new approach to modeling the current account balance is to follow the
methodology widely used in the real business cycle literature. This approach involves
building an artificial economy by specifying tastes and technology (i.e., utility and
production functions), and making assumptions about the stochastic shocks affecting the
artificial economy. The equations describing the artificial economy are then solved and
the stochastic properties of the solution functions are examined to see if the solutions do
match real world behavior of the relevant variables. The authors of these models show
that it is important to isolate the sources of the disturbance to properly understand the
observed movements in macroeconomic data. They emphasize the source over timing and
duration of the disturbances in their efforts to explain the observed movements in US
current account balance. In empirical implementation of these models, calibration method
is used instead of econometric techniques. So far, these models have produced results that
match observed data only partially.

Our approach in this study is in the spirit of the intertemporal models. Despite
their elegance and theoretical appeal, empirical application of the intertemporal models
has been limited by our inability to separate permanent and transitory components from
observed movements in income and terms of trade. Empirical models have either relied
on anecdotal evidence or used traditional models. In traditional models, an increase in

income tends to reduce current account surplus while depreciation of real exchange



rate - a macroeconomic analog of terms of trade deterioration - tends to improve the
current account surplus. However, no distinction is made between transitory and
permanent changes in income and real exchange rate. Recent developments in time series
techniques provide us with ways to identify transitory and permanent components in a
nonstationary variable, and thus present us the opportunity to empirically test the
propositions of the intertemporal models using the decomposed data series. Specifically,
two different methods have been used to obtain permanent and transitory components in
real income and real exchange rate. One is the univariate method suggested by Beveridge
and Nelson (1981), and the other is the bivariate method proposed and implemented (in
the context of decomposing US GNP into permanent and transitory components) by
Blanchard and Quah (1989). The transitory and permanent components of the data series
obtained via these two methods are used in the empirical analysis.

The objective of this study is to examine whether the testable propositions
generated by the intertemporal models are supported by observed data. More specifically,
we shall examine whether the behavior of the current account balances of the United
States and Japan are consistent with the intertemporal models, given actual data on
income, real exchange rate, and government consumption. The study is organized as
follows: chapter 2 presents a brief review of the literature concerning the determination of
the current account balance of a country. In chapter 3, a simple conceptual framework is
presented that highlights the potentially different effects of transitory and permanent

movements in income and real exchange rate on the current account balance of a country.



This conceptual model provides the motivation for the empirical study that follows.
Chapter 4 discusses the significance of the unit roots issue in macroeconomic data. There
we discuss the methodology to test for the presence of unit roots in the data series. Later
in this chapter the empirical results of the tests for unit roots in the data are presented. In
chapter 5 we discuss the methodology used to obtain the transitory and permanent
components of income and real exchange rate. Chapter 6 discusses the concept of
cointegration, the methodology to test for the presence of potential cointegrating
relations, and presents empirical results of such tests. The results of cointegration test and
estimation essentially relate to long-run relationships among the variables in the model.
Thus, the cointegration analysis will allow us to examine if there is any long-run
relationship among current account balance, real income, and real exchange rate.
However, any particular long-run relationship among a set of variables may be consistent
with many different short-run dynamic behavior of the variables of the model. The
cointegration analysis is incapable of capturing the short-run dynamic interaction among
the variables. The short-run dynamics among the variables are the subject of discussion in

chapter 7. Finally, we summarize our findings in the concluding chapter (chapter 8).



CHAPTER 2. SURVEY OF LITERATURE

Theoretical Analysis

During the 1970s, world economy as a whole saw major shifts in the behavior of
international capital flows, current account balances, and exchange rate (both nominal
and real) movements. In particular, several developed and developing countries
experienced what are by historical standards large disturbances in their terms of trade and
current account balances. These changes may be attributed to several factors such as
sudden and large changes in the relative prices of some intermediate inputs, specially oil,
large changes in the relative prices of final manufactured goods and final primary
commodities. There was no consensus among economists regarding the causes of such
current account imbalances. Different analyst had different explanation for the current
account imbalances of countries'. However, the current account difficulties of the 1970s
generated a renewed interest, during the 1980s, among economists about the impacts of
various disturbances to income and terms of trade on macroeconomic variables such as
spending, saving, investment, and in particular the current account balance.

Although the revival of interest during the 1980s in the current account balance of
a country was due to the recent experiences of many countries, theoretical discussions on
the subject were prompted by the general dissatisfaction among economists with the
traditional approaches to the issue. Specifically, it was felt that the traditional static

framework was not appropriate for analyzing the current account determination.



Income and relative price have always occupied a central position in any
discussion of current account balance of a country. Traditionally, theoretical as well as
empirical analyses of current account were performed within the framework of the
Keynesian model of income determination in an open economy. In these models, trade or
current account balance of a country is assumed to be a function of domestic income,
foreign income, and relative price. Both domestic and foreign general price levels are
assumed to be fixed. Relative price moves in response to devaluation of nominal
exchange rate. Income is assumed to be demand determined. In such models, an increase
in domestic income brought about by an increase in domestic aggregate demand (for
example, an increase in government consumption) leads to a trade/current account deficit
as part of the increased expenditure is spent on imports. Even if the effects of increased
demand for imports (in the home country) on foreign income is taken into account, the
qualitative results remain unchanged. Until the beginning of the 1980s, this has been the
characteristic of the discussions of the effects of income changes on trade/current account
balance.

Since the publication of Harberger (1950), and Laursen and Metzler (1950), the
effects of relative price changes on the current account balance of a country have been
discussed quite extensively. The general wisdom has been that if the Marshall-Lerner
condition is satisfied then, starting from an initial position of balanced trade, a
devaluation (and the associated increase in the relative price of imports) leads to an

improvement in the trade balance. If unilateral transfers are ignored, then that implies an



improvement in the current account balance in response to a terms of trade deterioration.
However, both Harberger (1950), and Laursen and Metzler (1950) focuses on the
response of saving to real income decline resulting from a deterioration in the terms of
trade. In accord with the Keynesian theory of consumption function, Laursen and Metzler
(1950) observes, on the basis of statistical evidence, that (in the short run of a cycle) a
rising proportion of income is saved. Therefore, they argue, a deterioration of the terms of
trade leads to a reduction in real income which causes an increase in expenditure relative
to income. Given investment, that implies a current account deficit. Harberger (1950) also
focuses on the effects of terms of trade deterioration on domestic saving, measured in
domestic exportable good. He assumes that saving, measured in exportable good, is a
functions of real income only. Changes in prices do not induce any substitution between
saving and consumption. Further, he assumes that the marginal propensity to save for
changes in real income due to changes in terms of trade is the same as that for changes in
output at constant prices, and that the effects of a change in the terms of trade on real
income may be approximated by the change in the cost of the initial value of imports.
With these assumptions, Harberger (1950) argues that a deterioration in the terms of trade
brings about a decline in domestic saving as a result of a decline in the real income.
Given investment, this then leads to a current account deficit. This apparent counter
intuitive conclusion is what has come down in the literature as the Laursen-Metzler

effect’. Harberger (1950) is criticized by Day (1954) on the ground that savings and



imports may be substitutes. Laursen and Metzler (1950) is criticized by White (1954)
who argues that time lags (in the adjustment process) make the long-run behavior of
saving as ratio of income more relevant, and that the long-run saving ratio is constant’.

Now, in order to get some insight into the determination of current account, let us
start with the national income identity:

Y=C+I+G+(X-M),
where Y is income, C is aggregate consumption, I is investment, G is government
consumption, and (X - M) is net exports. Subtracting net taxes T (taxes less domestic
transfers) from both sides, and adding net international transfer receipts R to both sides of
the above identity, we get:

Y+R-T=C+I+(G-T)+(X+R-M).
Rearranging, we can write:

X+R-M)=(Y+R-C)-1+(T-G).
The term (X + R -M) is the current account balance of the country, (Y + R - C) is the
domestic saving, and (T - G) is the government budget surplus. Hence we can express the
current account balance of a country as:

CA=S-1+(T-Q),
which says that the current account balance is equal to the difference between national
saving and investment. Thereiore, saving and investment are integral parts of any analysis

of current account determination.
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During the 1970s, the traditional Keynesian theories of consumption and
investment, among others, came under serious scrutiny and re-examination. In particular,
it was felt that a static Keynesian framework is inappropriate for analyzing consumption
saving decision of individual economic agents. Economists generally agreed that
consumption-saving, and investment are inherently forward looking and dynamic
variables that should to be analyzed in a dynamic optimizing setting. Since current
account balance of country is, by national income identity, the difference between saving
and investment of a nation, it was felt that current account also should be analyzed in a
dynamic optimizing framework.

As has been mentioned, the revival of interest in the current account
determination was due at least in part to the 1973 oil price shock. The conventional
wisdom at that time was that, given limited substitution possibilities in production, an
increase in the price of an intermediate input would lead to current account deficit
(Findlay and Rodriguez 1977; Buiter 1978; and Bruno and Sachs 1979). Obstfeld (1980),
and Sachs (1981) challenge such conventional wisdom. Their analytical models generate
results that are contrary to those of the traditional models. Their models predict that a
permanent oil price increase (a permanent terms of trade deterioration for an oil importing
country) may actually improve the current account of an oil importing country. Obstfeld’s
(1980) prediction is based on the assumption of low price elasticity of demand for oil. In
his model he demonstrates that it is only when there is a significant degree of substitution

between imported intermediate goods and domestically available factors of production,
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and between finished imports and exports is it possible to have a current account deficit
in response to an increase in the imported raw material price (oil price). Sachs (1981)
emphasizes the depressing effect of a permanent oil price increase on investment to
predict a current account improvement in response to such a price shock. In the context of
the observed large current account deficits of the oil importing countries, he argues that
higher oil price alone can not explain the cross-country differences in current account
deficit among the oil importing countries. Rather, he goes on to argue, permanently
higher oil price lowered world interest rate, and induced investment boom (in the US)
which led to the current account deficit (of the US) as national savings fell short of
booming investment. Marion (1984), however, shows that under a more realistic model
structure that includes nontradable goods (e.g., services) the strong conclusions of
Obstfeld (1980) and Sachs (1981) do not necessarily hold. With the introduction of
nontraded goods, both temporary and permanent oil price increases may have ambiguous
effects on the current account balance. These conflicting results about the effects of oil
price shocks on current account provided new impetus for a theoretical re-examination of
the issue of current account determination.

The renewed discussions of current account determination during the 1980s is
characterized by a shift in the focus away from static Keynesian savings and investment
functions, toward analyses based on intertemporal optimization. These discussions
typically distinguish between temporary and permanent, as well as anticipated and

unanticipated, changes in income and terms of trade in analyzing the current account
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balance. Sachs (1981, 1982) is perhaps one of the first to discuss how the current account
is affected by temporary and permanent disturbances in income. Assuming a periodic
utility function that is additively separable, a constant rate of time preference, and a given
world interest rate, Sachs (1982) shows that a temporary increase in income leads to
current account improvement unless the rate of time preference is much higher than the
given world interest rate. In that case, consumption smoothing response to the income
shock dominates the substitution effect. If the rate of time preference greatly exceeds the
world rate of interest, the wealth effect may dominate the consumption smoothing effect
such that a temporary increase in income may lead to current account deterioration. A
permanent income increase that raises wealth improves current account if and only if the
rate of interest exceeds the constant rate of time preference. An anticipated income
increase that raises (lifetime) wealth typically worsens current account, and necessarily
does so if the interest rate is lower than the rate of time preference. In the benchmark case
where the rate of time preference is equal to the world interest rate, a temporary income
increase improves current account while a permanent income increase leaves the current
account largely unaffected. Obstfeld (1983) confirms the conclusion arrived by Sachs
(1982), and adds that such responses of current account to output disturbances are
independent of the risk aversion by the representative consumer.

Although disturbances to both income and terms of trade are important to current
account movements, most of the recent discussions on the issue are on the effects of

terms of trade shocks on current account balance of a country. Since the publication of
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Laursen and Metzler (1950), and Harberger (1950), the issue of the effects of a terms of
trade shock on the current account balance of a small open economy has been revisited
many times by different authors. Recent reexamination of the issue was initiated by
Obstfeld (1982), and has been pursued within a variety of frameworks by a number of
authors. Obstfeld (1982) challenges the prediction of Laursen-Metzler analysis by
arguing that a permanent deterioration of the terms of trade may result in increased saving
and an improvement in the current account balance of the country experiencing the terms
of trade deterioration. Obstfeld (1982) uses a model of a small open economy consisting
of an infinitely lived representative consumer with an Uzawa (1968)-type utility function
where the rate of time preference is assumed to be an increasing function of utility. This
consumer can lend or borrow freely at a given world rate of interest. Such an economy
has a target level of real wealth, at the point where the rate of time preference is equal to
the (given) world rate of interest. When such an economy faces a terms of trade
deterioration, its real wealth level is lowered®. In order to reach the target level of wealth,
the country must accumulate foreign assets, .and hence save more. Therefore, in contrast
to Laursen-Metzler effect, the permanent deterioration of the terms of trade leads to
current account surplus.

It should be menticned here that Obstfeld (1982) considers a pure endowment
economy where there is no production and investment. Further, his assumption about the
rate of time preference being a positive function of utility is critical in obtaining the

results’. Also, he considers only unanticipated and permanent terms of trade shocks.
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No consideration is given to the potential effects of temporary or (anticipated) future
shocks to terms of trade on current account. However, in another discussion, Obstfeld
(1983) considers the effects of temporary, (anticipated) future, and permanent movements
in the terms of trade and their effects on current account. There he shows that a temporary
deterioration of the terms of trade leads to a current account deficit for the duration of the
adverse movement in the terms of trade. When the terms of trade returns to its pre-shock
level, current account moves into surplus and eventually returns to its long-run
equilibrium path.
Obstfeld (1982) is followed by a number of analyses that examine the issue under
a variety of related frameworks. Svensson and Razin (1983) examine the issue raised by
Obstfeld (1982) under a more general setting. First, they use a two-period intertemporal
optimizing model to examine the effects of different types of terms of trade shocks on
domestic spending and current account of a small open economy. They show that the
effects of a terms of trade deterioration on spending and current account can be separated
into three effects:
1. adirect effect, consisting of a revaluation of the consumption and net exports.
2. a wealth effect on spending or, more precisely, a welfare effect, because the
change in terms of trade changes welfare level of the representative agent,
which corresponds to an equivalent change in wealth at constant prices.

3. substitution effects, due to changes in spending pattern because of changes in
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relative prices within and between periods, at constant welfare level.

Svensson and Razin (1983) find that without some additional structures are
imposed on preferences, the direct and wealth effects can in some cases be signed
unambiguously whereas the substitution effect is ambiguous. In particular, if the terms of
trade deterioration is temporary then the sum of the direct and wealth effects on current
account is negative. For a future terms of trade deterioration, in Svensson and Razin
(1983) model, the direct effect is zero and the wealth effect is positive. So, if the
substitution effect is ignored, current account deteriorates in response to a temporary
terms of trade deterioration in the first period, and improves for an (anticipated) future
terms of trade deterioration. If the terms of trade deterioration is permanent, the direct and
wealth effects on current account balance are in general ambiguous.

Imposing the additional assumption that the utility function of the representative
consumer is weakly separable in time, where the subutility functions in each period are
linearly homogeneous, they find the following results®:

(1) Holding constant the real discount factor, a temporary deterioration in the

terms of trade has the unambiguous effect of deteriorating the current account.

This effect is nothing but the sum of direct and wealth effects.

(i1) A temporary terms of trade deterioration also affects the real discount factor

(used to convert the second period values to present value in the first period). If

such deterioration leads to an increase in the (real) discount factor, then the

substitution effect of a temporary terms of trade deterioration works counter to the
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direct plus wealth effects, and the overall effect of such a terms of trade
deterioration on current account is ambiguous.
(iii) An (anticipated) future terms of trade deterioration, holding real discount
factor constant, leads to an unambiguous improvement in current account balance.
However, such a change in terms of trade will also affect the real discount factor
and therefore will have substitution effect. So, the overall effect will depend on
whether the substitution effect reinforce direct plus wealth effects, or work
counter to each other.
(iv) Making an additional assumption that preferences are not only homothetically
weakly separable, but also identically so, Svensson and Razin (1983) derive more
clear results. Under these assumptions, the real current account balance
deteriorates, or improves, in response to a permanent terms of trade deterioration
depending on whether the marginal propensity to spend in the second period
exceeds or falls short of the marginal propensity to spend in the first period.
Under the assumptions made in Svensson and Razin (1983), the marginal
propensity to spend and rate of time preference are intimately related. In particular, the
rate of time preference for a given level of welfare (utility) is equal to the (absolute value
of ) marginal rate of substitution between real spending in the second period and real
spending in the first period minus one, evaluated at the point where real spending in the
two periods are equal. Put differently, the rate of time preference is the subjective interest

rate along the 45-degree ray from the origin. A necessary condition for the marginal



17

propensity to spend in the second period to exceed that in the first period is that the rate
of time preference decreases with the level of welfare.

Svensson and Razin (1983) also extends their discussion from a two-period model
to an infinite horizon model. In the infinite horizon case, they assume that the real
discount factor between any two consecutive periods is constant. The necessary and
sufficient condition for stability of this infinite horizon model is that the rate of time
preference increases with the level of welfare. This is precisely the assumption made by
Obstfeld (1982). If stability is assumed (i.e., the behavior of rate of time preference is
identical in Obstfeld (1982) and Svensson and Razin (1983) ), then the results of Obstfeld
(1982) are confirmed by Svensson and Razin (1983).

Thus, Svensson and Razin (1983) indeed provide a more generalized treatment of
the issue discussed by Obstfeld (1982), Sachs (1981, 1982). However, the two-period
model of Svensson and Razin (1983) can only accommodate limited dynamics of the
variables. On the other hand, the infinite horizon models of Obstfeld (1982, 1983) and
Svensson and Razin (1983) require, for stability, the condition that the rate of time
preference is increasing in utility. Although such a property of the rate of time preference
is not inconsistent with basic axioms of neoclassical utility maximization models’, such a
behavior of the rate of time preference seems counter-intuitive. Also, as Persson and
Svensson (1985) argues, the assumption of infinitely lived agents gives rise to a very high
degree of consumption smoothing and intertemporal substitution in the models of Sachs

(1982), Obstfeld (1982, 1983), and Svensson and Razin (1983). Persson and Svensson
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(1985),therefore, suggest that a finite planning horizon may be a more realistic approach
to modeling the problem under consideration.

Persson and Svensson (1985) develop a finite horizon overlapping generations
model (without private intergenerational gifts). Using a simple production technology and
preferences that are similar to those in Svensson and Razin (1983), they show that it is
important to distinguish not only between permanent and temporary shocks to terms of
trade but also between anticipated and unanticipated shocks. They argue that any attempt
to derive unqualified statements about the dynamic adjustment of current account to
terms of trade changes is, what they call, a futile exercise. Another phenomenon of the
dynamic adjustment of current account to terms of trade shocks in their model is that,
unlike Obstfeld (1982, 1983) and Svensson and Razin (1983), current account shows
oscillating behavior rather than smooth and steady convergence to stationary state value.
The forces working behind such behavior of the current account balance are the indirect
effects of terms of trade shocks on real interest rate and investment.

Ostry (1988) and Edwards (1989) independently extend Svensson and Razin
(1983) by including a nontraded good in the model. Ostry (1988) provides a more
comprehensive discussion on the relationship between terms of trade and current account
than Edwards (1989). Therefore here only the analysis of Ostry (1988) is presented
briefly. The framework used by Ostry (1988) is very similar to Svensson and Razin
(1983) except that a nontraded good is included. Using a model of a small open economy,

he demonstrates that the incorporation of a nontraded good in the model has important
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effects on the model predictions. Like other analyses mentioned earlier, Ostry (1988)
examines the effects of temporary and permanent shocks to terms of trade on current
account balance. He finds that temporary terms of trade disturbances will in general have
different effect on current account balance depending on whether or not the model
includes a nontradable good. The effect of a temporary shock to the terms of trade on
current account critically depends on three factors: (i) initial debt position of the country;
(ii) the relative magnitudes of temporal and intertemporal elasticities of substitution; and
(iii) the relative magnitudes of the intertemporal elasticity of substitution and-the ratio of
imports to consumption of importables. The response of current account to a permanent
terms of trade shock will be qualitatively similar in models with and without nontradable
goods if the elasticity of substitution between domestic nontradable and import goods
exceeds the ratio of imports to consumption, assuming that initially the current account is
balanced.

Thus far the discussions about the effects of temporary and permanent shocks to
terms of trade on current account do not include investments, and assume fixed labor
employment in the economy. Sen and Turnovsky (1989) does fill this gap by including
investment and by making employment endogenous through labor-leisure choice’. They
use an infinite horizon utility maximizing model with two goods: one domestically
produced and the other imported. They allow capital accumulation and derive a
g-theoretic investment function'®. Effects of three types of shocks to terms of trade on

current account are considered, namely an anticipated permanent, an unanticipated
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temporary, and a future anticipated permanent shock. The essential message from their
discussion is that the response of current account to all three types of shocks to terms of
trade depend critically upon the long-run effects of terms of trade shocks on the stock of
capital. This in turn consists of a negative substitution effect and a positive income effect.
The final outcome depends on which effect dominates. Although neither effect can be
ruled out a priori, Sen and Turnovsky (1989) suggest that the more plausible case is
where the substitution effect dominates. In that case, irrespective of whether the terms of
trade shock is temporary or permanent, anticipated or unanticipated, current account
improves in response to terms of trade deterioration when the news of the shock arrives.
However, the long-run effect on current account of a (unanticipated) permanent terms of
trade shock is greater than that of a temporary or an anticipated future terms of trade
shock. This is contrary to Laursen-Metzler effect and this happens through a fall in
investment. In the other case, i.e., when the income effect dominates, the news of terms
of trade deterioration generates an investment boom and drives the current account into
deficit. In particular, a permanent terms of tr.ade deterioration (either anticipated or
unanticipated) leads to a steady accumulation of capital accompanied by current account
deficit. A temporary shock leads to a permanent increase in capital stock and a permanent
reduction of the stock of foreign bond holdings. While this vindicates Harberger (1950)
and Laursen-Metzler (1950) predictions, the source of such a movement in current

account is the adjustment in investment rather than savings as argued in Harberger (1950)
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and Laursen-Metzler (1950) analyses.

It should be mentioned that the results of Sen and Turnovsky (1989) depend on
certain assumptions made in their analysis. First, both import and export goods, and
leisure are assumed to be complementary, as are the two goods themselves. Second, labor
supply is endogenous. Finally, the country initially has some positive holding of foreign
asset. The results of their analysis would be significantly altered without these
assumptions.

The above mentioned analyses are the major contributions in the area of current
account determination in the intertemporal framework that distinguish among various
types of income and terms of trade shocks. Other important contributions are Bean
(1986), Matsuyama (1987), Sen (1990), Brock (1988), Ostry and Reinhart (1992). The
essential message of all these discussions is that the current account of a country ought to
be analyzed in a dynamic framework, and that distinctions should be made among
different types of shocks in real income and relative prices.

Recently some attempts have been made to model the relationship among trade
balance, income, and real exchange rate within a dynamic general-equilibrium
framework. These efforts extend the stochastic general-equilibrium models used by the
real business cycle school of thought by incorporating external trade. The main
contributors in this class of models are Backus, Kehoe, and Kydland (1992, 1994),
Mendoza (1991), Stockman and Tesar (1991), and Tesar (1992). The theoretical

structures used in these analyses are extensions of Stockman and Svensson (1987), and
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Hodrick (1989), who develop simple general-equilibrium models in which both terms of
trade and trade balance are endogenously determined. All these models attempt to
construct artificial economies and calculate the general-equilibrium solutions of the
endogenous variables by assigning reasonable values to the parameters of the model
constructed. Then they examine the responses of important macroeconomic variables of
their model to various shocks, and compare the behavior of the response functions with
real world data. The ultimate objective of such modeling effort is to generate the general
equilibrium solutions for the endogenous variables such that the behavior of the variables
in the artificial economy resemble as closely as possible their empirical counterparts in
real world.

Backus, Kehoe, and Kydland (1992, 1994) use a two-country, two-good
framework. Each country specializes in the production of one good. Both goods are
consumed in each country, and these two goods are imperfect substitutes. Both goods are
used for consumption as well as for capital formation. Technology of production
incorporates the time-to-build feature of Kydland and Prescott (1982). Each country has
one infinitely lived representative consumer who derives utility from consumption of
goods as well as leisure. In these models fluctuations arise from persistent shocks to
aggregate productivity and government consumption of goods. The behavior of income,
trade balance, and terms of trade are examined by solving the model with reasonable
values of the parameters. They find that, in their model, the dynamic responses of the

endogenous variables to aggregate productivity shocks are markedly different from the
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responses of the endogenous variables to government consumption shocks. Specifically, a
favorable domestic productivity shock leads to an increase in domestic output, a decrease
in the relative price of the domestic good (a terms of trade deterioration), and a
deterioration in the trade balance. The counter-cyclical behavior of the trade balance, and
the negative correlation between terms of trade and trade balance are due to the dynamic
responses of consumption and investment to a (positive) domestic productivity shock.
Initial positive productivity shock generates higher income and higher consumption, and
creates a temporary investment boom as capital moves to the more productive sector.
Increases in consumption and investment together exceed the gain in output, and the
domestic trade balance deteriorates. However, when the experiment is repeated under the
assumption of no capital and investment, the (positive) productivity shock (in the home
country) leads to an improvement in trade balance, and thus generates a pro-cyclical
movement in trade balance. Hence, investment dynamics play a central role in explaining
the observed co-movements in income, terms of trade, and trade balance. On the other
hand, persistent government consumption shock generates positive instantaneous
correlation between terms of trade and trade balance: trade balance improves as terms of
trade deteriorates. Hence, Backus, Kehoe, and Kydland (1992, 1994) argue that it is
important to identify the source of the disturbance in understanding the observed
movements in trade balance, income, and terms of trade. In other words, they suggest that

there is no structural relationship among income, terms of trade, and trade balance. One
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can not characterize the relationship among these variables without specifying the source
of the fluctuation.

Stockman and Tesar (1991) use a very similar model with the exception that they
incorporate a nontraded good in their model. They allow productivity as well as
preference shocks to examine the co-movements in income, terms of trade, and trade
balance. Their results are qualitatively similar to those of Backus, Kehoe, and Kydland
(1992, 1994).

It should be mentioned that all these models are calibrated rather than
econometrically estimated from real world data. Results of this type of models are often
very sensitive to the choice of the parameter values used to solve for the endogenous
variables. Specifically, the solutions for the endogenous variables in both Backus, Kehoe,
and Kydland (1992, 1994), and Stockman and Tesar (1991) are sensitive to the value
assigned to the elasticity of substitution between domestic good and the import good.
Both Backus, Kehoe, and Kydland (1992, 1994), and Stockman and Tesar (1991) find
that the co-movements of income, terms of trade, and trade balanc; from their artificial
economies are consistent with observed data when there is an aggregate productivity
shock. However, whether the countries studied in these papers actually experienced such
productivity shock over the period of study is an empirical issue. In other words, the
consistency of the model predictions and observed data is of any value only if actual
economies experienced the same shock that generates the data series in the models of the

artificial economies. Finally, as the authors of these studies concede, there are many
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important conflicts between the predictions of these models and the data from the
countries that these models are supposed to mimic. The behavior of some data series
generated by the models and their co-movements are not always consistent with real
world data. Therefore, this new approach to the study of the relationship among income,
terms of trade, and trade balance is an important avenue to explore, but additional work
needs to be done before one can make a more definitive judgment about the usefulness of
this line of research.
Empirical Analysis

Empirical works on the issue of external balance more or less exclusively use
trade balance as the dependent variable. Essentially almost all of the studies approach the
issue from the standpoint of trade theory rather than from the perspective of open
economy macroeconomics. In addition, almost all of the studies use the more traditional
models in estimating the effects of changes in income and real exchange rate on the
balance of trade of a country. The usual approach is to specify an import demand function
where demand for the imported good is a positive function of domestic real income, a
negative function of foreign income, and a positive function of (relative) price of the
import good. In addition, an export supply function is specified where the quantity of
export is assumed to be a positive function of the relative price of the foreign good.
Domestic import and export goods are assumed to be imperfect substitutes for each other.
Trade balance (or net exports) is then defined as the difference between domestic exports

and imports. A classic example of such model specification can be found in Goldstein
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and Khan (1985). Goldstein and Khan (1985) reviews the empirical studies that model
trade balance in this framework''. Their imperfect substitutes model is specified as
follows:

I =f(Y,PL,P), f},f;>0,f,<0,

X{ =g(Y'e,PX;,P'e), g, 85> 0, g, <0,

It =h[PI'(1+5"),P°], by >0, b, <0,

XS = j[RX.(]+si),Pi], 11>0,}3,<0,

PI, =PX'(1+T)e,
PX(1+T
PI' =———'( ),
[+
I} =T,
X! =X,

where:

I? = quantity of imports demanded in country i,

X¢ = quantity of country i’s exports demanded by rest of the world,
I! = quantity of imports supplied to country i from rest of the world,
X = quantity of exports supplied from country i to rest of the world,

PI, = domestic currency price paid by importer of country i,

PI" = domestic currency price paid by importers of rest of the world,

PX, = domestic currency price received by exporters of country i,

PX" = domestic currency price received by exporters of rest of the world,
Y = level of nominal national income of country i,

Y" = level of nominal national income of the of the world,
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P = general price level of country I,

P = general price level in rest of the world,

T = proportional tariff on imports in country i,

T = proportional tariff on imports in rest of the world,

S = subsidy rate applied to imports in country i,

S = subsidy rate applied to imports by rest of the world,

e = nominal exchange rate (domestic currency price of foreign currency).

Similar specification can be found in Helkie and Hooper (1988), and Marques and
Ericsson (1993). The econometric model estimated by Marques and Ericsson (1993),

which is representative of the vast majority of the empirical studies on this issue, is the

Jou

InM; =B + B InY, +B; ln[%—)—-)+ Unies

following:

InX, =a, +a,nY, +a, ln( P"“.
e'Pl
!

InPy =7, +75InC, +7;In(e,P )+ vy,
InP,, =8, +8,In(eP)+v,,,
where

C = production cost,

e = nominal exchange rate (domestic currency price of foreign exchange),

P,, = import price,

P, = export price,
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X = real export,

M = real import,

P = GDP deflator,

Y = GDP, and

u;;; and vy, are random disturbances. Asterisk denotes foreign variable.

The above specification of a model that intends to explain the trade / current
account balance suffers from two fundamental problems. First, conceptually such a model
is unable to capture the dynamic saving-investment behavior involved in the
determination of trade or current account balance. It may be used with micro-level data to
analyze the net exports of a single good, but is not suitable for capturing the underlying
dynamic decision-making process that determines trade/current account balance. Also,
this type of model does not distinguish between temporary and permanent movements in
income and terms of trade. Second, from pure econometric perspective, we observe that
some of the variables of the model are non-stationary (i.e., they contain a unit root in their
autoregressive component) as has been demonstrated by numerous studies'?. It is well
known that the presence of nonstationary variables in an econometric model may have
serious consequences on the estimation method and on the statistical properties of the
commonly used estimators (such as the OLS). Specifically, many of the standard
estimators lose their usual properties if the data contain nonstationary variables. Further,
simple differencing of the variables (to obtain stationarity of the nonstationary variables)

may not be appropriate. Potential cointegrating relations among the nonstationary
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variables should be estimated, and then incorporated in further analysis. These
methodological weaknesses imply that the results of these studies may have very low
reliability. However, some of the recent empirical analyses do recognize the issue of unit
roots in the variables, and existence of potential cointegration among them. Rose and
Yellen (1989), Rose (1991), Burada and Gerlach (1992), and Peruga (1992) are a few of
such studies. All of these works focus on the relation between trade balance and exchange
rate (real and / or nominal), but do not distinguish between temporary and permanent
changes in income and real exchange rate. In contrast to all of these works, we focus on
the current account from the perspective of the intertemporal optimizing models, where
we attempt to isolate the transitory and permanent movements in income and real
exchange rate, and use the decomposed series to empirically test whether observed data
support the hypotheses of the intertemporal models. Methodologically, we provide a
more rigorous treatment of the issues of unit roots and cointegration than some of the
recent analyses. After dealing with the issue of unit roots in the variables, cointegration
analysis is used to identify long-run relations among the nonstationary variables. Finally,
we use the Vector Autoregression (VAR) technique along with impulse response
functions and innovation accounting to investigate the short-run dynamics in the variables

included in the model.
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Endnotes

1. Paul Volcker (1977) held large imports of oil responsible for US current account
deficits, while McKinnon (1980) emphasized low saving rate and / or high investment for
the deficit.

2. In fact Harberger (1950) was published before Laursen and Metzler (1950), and it is
perhaps more appropriate to identify this result as the Harberger-Laursen-Metzler effect.

3. See Harry Johnson (1967) for more discussion on this issue.

4. It is assumed that the economy has no initial debt, positive or negative. An economy
that starts with net foreign asset (positive or negative) may generate results that are
different from those obtained by Obstfeld (1982).

5. Obstfeld (1982) recognizes that the assumption about the rate of time preference and
exclusion of all but single asset (claims on foreigners) make his analysis narrow.
Different assumptions about the structure of preferences and the range of assets may yield
different results, and as such the findings of this analysis should be viewed only as an
example of how the Harberger-Laursen-Metzler relation may be reversed.

6. All the results are predicated upon the implicit assumption that the country has no
initial net debt.

7. See Koopmans, Diamond, and Williamson (1964) on this issue.

8. Matsuyama (1988), in a different context, allows investment in discussing the effects
of terms of trade shocks on current account in a Heckscher-Ohlin framework. However,
that discussion focuses primarily on factor reallocation rather than current account
balance.

9. Bean (1986) is an exception, but the discussion is not comprehensive.

10. For discussions on the g-theoretic investment function used in Sen and Turnovsky
(1989), see Hayashi (1982), and Abel and Blanchard (1983).

11. See Goldstein and Khan (1985) for detailed discussion and additional references.

12. Starting with Nelson and Plosser (1981), numerous studies have shown that GDP,
aggregate price indices are non-stationary variables. Examples are Cochrane (1988,
1994), Campbell and Mankiw (1989). Similarly, Meese and Singleton (192), Huizinga
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(1987), Corbae and Ouliaris (1988) Enders (1988), Meese and Rogoff (1988), and Mark
(1990) all show that nominal and real exchange rates are also nonstationary variables.
Rose (1991) shows that trade balance of the US is nonstationary. As we shall see later,
the current account balance of the United States, and Japan are also nonstationary.
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CHAPTER 3. MODEL AND DATA

Conceptual Model

This chapter outlines a conceptual framework that underlies the empirical analysis
presented in the study. In order to keep the discussion simple, while at the same time
highlighting the theoretical underpinning that motivates the empirical analysis, the effects
of income and relative price on the current account balance of a country are discussed
separately. The discussion is in the intertemporal dynamic optimizing framework of
analysis.
Income

In order to illustrate how transitory and permanent shocks to real income affect
the current account balance of a country, let us abstract initially from the effects of
relative price (terms of trade) changes and assume that there is one aggregate
consumption good. The infinitely lived representative consumer derives his/her utility
from the consumption of this aggregate commodity. The periodic utility function
representing the preference structure of the representative agent is:

u,=u(C,), u'>0 u"<0,
where C, is the consumption in period t (t=0, 1, 2, ... ,0). The representative consumer

< - .
chooses {C,}"_ to maximize:

U=E,>Bu(C,), 0<B<I, 3.1
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where E, is the mathematical expectation operator conditional on information available to
the agent at time t and { is the subjective discount factor. The consumer faces the lifetime
budget constraint given by

A, =R[A+Y,-C] t=0,1, 2,0,
where R, = (1 + 1) is the gross rate of return on saving between period t and t+1, A, is the
asset (or debt, if negative) holding in period t, Y, is the real income (other than income
from investment of previous savings) in period t. It is assumed that Y, follows a
stochastic process that is beyond the control of the agent. However, the agent is assumed
to know the law of motion of that describes the evolution of Y,. At time t, the consumer’s
information set contains at least {Y,, s > 0; A,}. Further, it is assumed that R > 0,
lim EB%Y,,; =0 (Vt), and that Ey(A) 2 k > -c0. The last restriction rules out indefinitely
large and growing borrowing.

For our present exposition, we assume that u(C,) is quadratic in its arguments.

Specifically, we assume that:
u, =a,+a,C, —%Cf, ay,a,a, > 0. 3.2)

The above utility function satisfies u’ >0, u” <0 only for C, in the interval0 <C, < —%.
a

It is assumed that the satiation level of consumption, (al/a2), is large relative to the
typical value of Y. More precisely, we assume for all t > 0, with probability arbitrarily

close to unity, that we have the following condition:
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EY RY, <&, 33)
=0 a

2
This assumption is made simply to prevent consuming at the satiation level (al/a2) for
t 2 0. For algebraic simplicity, we further assume that R, = R = (positive) constant. Given
the above assumptions and restrictions, we may derive, via utility maximization, a

consumption function of the following form':

(=)o f1- L) s (L)
C"(R-J*(l BRZ)LZO(R)E,YMM,}, (34)

where

-1
a,(1-(BR?)") . .
oo = ——————— and BR” is assumed to be greater than unity.
a,

Further, if we assume that BR = 1, as is often done in the literature, then the

consumption function may be written as:

c-(1-2) & (&) ea ] :

Assuming no initial asset holding (A, = 0), the consumption function may be written as:

1Y (1Y
C, = (1 "ﬁ)[; (E) E,Y,H.J :
Denoting % by 8, we may rewrite the consumption function as’:

C,=(1-8)) 8'EY,,; - (3.5)
j=0
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The stochastic process describing the evolution of real income is given by the
following two equations:

Yi=1+¢€mn

T, =T + Ep
where &1, and ¢, are stationary stochastic processes3. The above description of the real
income process has the characteristic that Y, is affected by two distinct types of
disturbances: first is the transitory shock represented by the €1, disturbance; second is the
permanent shock represented by the €, disturbance. Such a specification of the stochastic
process for Y, is in the accord with the general notion that real income of a country is
better described as a unit root process plus a stationary component. Here 7, represents the
unit root process and shocks to t, are permanent in nature. The stationary component is
represented by €y,. The effects of shocks to the transitory component decay with time. We
assume that there is no investment. Hence, current account of the country is the difference
between real income and consumption in each time period.

In this framework, assuming no debt at the beginning of period t, the current

account balance of a country in period t can be described with the following equations:

C, =(1-8)) 3EY,,, (3.6)
j=0

Y, =1, +¢,, 3.7

T =T+ 8y, (3.8)

b =Y -C, (3.9)
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where b, is the current account balance in period t. In this framework, a permanent shock
to income in period t will leave the current account unaffected since both consumption
and income will move by the same amount. On the other hand, a transitory shock to
income in period t will lead to a current account surplus in period t since consumption in
period t will rise by less than the increase in income in that period*.
Relative Price

In this section, we shift our attention to the effects of transitory and permanent
movements in the real exchange rate on the current account balance of a country. For
simplicity, a discrete time two-period model is used to demonstrate how transitory and
permanent movements in real exchange rate may have differential effects on the current
account balance of a country. First the assumptions about the technology of production is
described’. Then the preference structure of the consumers is outlined. Throughout the
discussion competitive market structure is assumed. Using the described economic
environment (technology, preferences, and market structure), we derive the functions
describing the current account balance of a country. These functions allow us to examine
the effects of transitory and permanent real exchange rate movements on the current
account balance of a country.

Technology

Let us consider the following simple two-good production structure. The home
country produces a nontradable good (N) and an exportable good (X). The foreign

country produces its nontradable good (N*) and its export good (M), the import good of
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the home country. The production structure described here is based on constant returns to
scale in production and competitive markets in both countries. For notational simplicity,
the production process is described without any time subscripts attached to variables.

Home Country

The two sectors of production in the home country, X and N, use each other’s
output as input in own production processes. Production and gross output in each sector is
assumed to be separable into value added (returns to labor and capital) in each sector and
input from the other domestic sector. Value added in sectors X and N, V, and V_, are
functions of labor and capital in respective sector. Assuming a Cobb-Douglas functional
form and constant returns to scale with respect to labor and capital, value added in sectors
X and N in the home country may be expressed as:

V, = LK,

V, = LIk,
where L and K denote labor and capital used in respective sectors. Expressing in natural
logarithm, the value added functions may be rewritten as:

v, =(1-c ), +ck,, (3.10)

v, =(1-¢c,)I, +c.k,. (3.11)
Now, the lowercase letters | and k denote natural logarithms of labor (L) and capital (K)

used in respective sectors.
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Gross output in each sector is assumed to be a function of value added in that
sector and input from the other domestic sector plus a sector specific technology factor.
Again assuming a Cobb-Douglas functional form and constant returns to scale, gross
output in sectors X and N, Q, and Q, , are given bys:

Q, =AVMQ, A, =e', (3.12)

Q,=A,ViQ, A, =e™, (3.13)
where Q,, is the quantity of good N used in the production of Q,, Q,, is the quantity of
good X used in the production of Q,, and ¢, + c,; =cp + ¢ = 1.

Brices

Given above technology, optimization may be performed sequentially in two
stages. In the first stage V, and V are chosen through optimal choice of labor and capital
(L and K). Having chosen V, and V/ in the earlier stage, in the second stage Q, and Q,
are chosen through the choice of Q,, and Q,, . For simplicity of exposition, it is assumed
that there is no depreciation of capital and no investment. Hence, .capital is assumed to be
fixed. Let P,, and P, denote the value added deflators (prices of a unit of value added) in
sectors X and N, respectively. Then P, and P, are related to the parameters of the

production functions as follows: cost functions in sectors X and N are

\(l'cx) Cx
Cx = Vx W —r— ’
Kl - Cx Cx

( \(]—C") Cn
c-v| ¥ [L) .
\1-c n
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The marginal cost functions are:

(W \(=ed s Ne

MC, = ., (3.14)
\l—cx) \ Cx /
/ (e Neo
MC, =| W L. (3.15)
" 1
\1=C, ) \ Cn /

Expressing in natural logarithm, the marginal cost functions are:

La(MC,)=(1 - cx)Ln(i—_—“;—)+ chn(g—),

X X

Ln(MCn)=(l—cn)Ln(lX )+ann(é).

X

Equating price with marginal cost, value added deflators for sectors X and N may be

written as:

Ln(P,)=(1- cx)Ln[l fvc )+ chn(E’x—),

X

La(P,)=(1-c, )Ln[1 j”c )+ ann(_’-).

Prices of goods X and N may be derived in the same manner. Given production functions

for sectors X and N, the cost functions are:

Cg _ Qx Eﬁ Cx1 Pn Cx2
" 3 cxl cx2 ’

Cg _ ] Pm €al Px Cn2 ,
! n cnl Cn2

>

o

>
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where C denotes total cost, P, and P, are prices of gross output of goods X and N
respectively, the superscript g on C implies that the costs are those of gross output of
sectors X and N. Again equating price with marginal cost, the price equations (in natural

logarithm) may written as:

Ln(P,)= c,,Ln(E"L] + chLn(ﬂ-) -h,t, (3.16)
Cxi Cx2
P P
Ln(Pn)zcn,Ln(—%)+cnan(—¥-)—hnt. (3.17)
Cai Cn2

Foreign Country

Production and cost in the foreign country have similar structure as those in the
home country. The only difference is that the foreign country uses an imported input (for
example oil) in its production process in both sectors. Assumptions of linear homogeneity
of the production functions and competitive market environment are maintained. Further,
as in the home country, it is assumed that production functions in sectors M and N’ in
the foreign country are separable in value added in respective sectors, inputs of other
domestic sector, and the imported good (1)7. Value added in sectors M" and N are

assumed to have the following structure:

Vo =) )

Gross output in sectors M’ and N" are described by the following production functions:



4]

Q= AL (V)7 (Qu) "), Ay =et,

Q= AV Q) @)™, AL =et,
where Q. and Q; are quantities of goods M’ and N’ produced, Q;,.is the quantity of
good N” used in the production ofQ;,, Q,, is the quantity of good M’ used in the
production of Q;, I, and I are quantities of the imported input used in producing Q,
andQ;, respectively. The assumption of constant returns to scale in both sectors imply
¢, +c,+c ;=1 andc;, +c,,+c. ;= .

Price determination in the foreign country is similar to that in the home country.
Following the two-stage optimization process used in case of the home country, value

added deflators in sectors M and N*, P, andP; , are given by (in natural logarithm):

Ln(P;,)=(1-c;, )Ln(l ‘_NCm ]+ c;Ln(é), (3.18)
Ln(P;,)=(1-c; )Ln(ltvc.; )+ c;Ln(.cl::-). (3.19)

Similarly, setting prices equal to marginal costs, prices of gross output of sectors M and

N°, P!, andP;, may be expressed as:

» Iy

Ln(P;,) = c;ﬂLn(Pf"“) + c:nan(lr—“J + c:n3Ln(i.)‘—) -h t, (3.20)
c c c

ml m2 m3

Ln(P;)= c;,Ln(-‘i:L) + c;an(PTm) + c;SLn(i) -ht, (3.2
C C

nl n2 n3
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where P, is the exogenously given price of the imported raw material, and as assumed in

. - L] L LJ . L .
the case of production functions, c;, +c,, +¢; ;=1 andc;, +c;, +¢c,; = .

Production structures in the home and in the foreign country as described above
determine price structures in the two countries. The assumptions regarding production
technologies in the two countries are made keeping in mind the objectives of the
dissertation while maintaining simplicity of the analysis as much as possible. The above
assumptions about technologies in the two countries allow us to see how shocks to
production affect prices in the two countries, the real exchange rate between the two

countries, and the current account balance of the home country.

Preferences

In this section we describe the preference structure of the agents in the two
countries. Demand functions are derived via intertemporal utility maximization. These
demand functions, along with the production technology described in the previous
section, will be used to highlight the differential effects of transitory and permanent
shocks® . It is assumed that there is one representative agent in each country. For
simplicity, it is assumed that there are only two periods, current period (period 0) and
future period (period 1). Agents from both countries can borrow and lend freely in the
world capital market at world interest rate. It assumed that the world interest rate at which
agents can lend and borrow is exogenously determined. The representative agent in each

country consumes its own nontradable good, its export good, as well as its import good
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(export good of the foreign country). Good X is treated as the numeraire so that Px = 1.

Home Country

The representative agent in the home country maximizes lifetime utility subject to
lifetime budget constraint. The periodic budget constraints facing the agent are:
period 0: Cyo+ ProCuo + PgCuo = Quo + PooQuo —(1+ 7, )B_, + By,
period 1: Cat + Pt + Pty = Qy + P1Q, —(1+1,0)B,
where Q;o = Output of good i in period 0 (i = x, n),

Q;, = Output of good i in period 1 (i = x, n),

P;o = Price of good i in period O (i = x, m, n),

P;; = Price of good i in period 1 (i = x, m, n),

¢;o = Consumption of good i in period 0 (i = x, m, n),

¢;; = Consumption of good i in period 1 (i =x, m, n),

B, = Level of accumulated debt at the beginning of period k,

r,, = Interest rate, in terms of X, on one period debt accumulated in period t.

The representative agent’s utility function is defined over the consumption set
{Cx05 Cx15> €mo> Sm1> Cnos Cn1}- FoOr simplicity, it is assumed that the utility function is
separable in terms of aggregate consumption in each period. In other words, the
individual’s utility function may be expressed as a function of two components:
Co= Co(Cx05 €mos Cno)> and C; = Cy(cy), Cmis Cq1)- The functions Cy = Cy(Cyg, Cmo» €no)> and

C, = Cy(cy1 Cm1» €n1) may be viewed as subutility functions expressing utility derived by



the agent in each period as functions of consumption of all goods in each period. It is
further assumed that both Cy= Cy(Cyq, Cmos Cro)» and C; = C;(C,y, Cm1» Cqy) are linearly
homogeneous in their respective arguments.

The representative consumer’s problem is to choose {c,g, €415 €mg> Cm1> Cno> €a1} 10
maximize lifetime utility given by U = U[Cy(Ccyg, Cmo» €n0)> C1(Cx15 Cmi» Ca1)] Subject to the
lifetime budget constraint. Assuming no initial net indebtedness (B_, = 0), the

consolidated budget constraint is given by:

ch + PmOCmO + PrlOcnO +axl(cxl + Pml("'ml + Pnlcnl) = QxO + PnOQnO +ax1(Qxl + Plenl)

where o, = is the discount factor to convert period 1 variables to respective

1
(1+1,)
present value in period 0.
We define:

Wo = Qyo + ProQuo 2xo(Qx; + Pn1Qpny) = present value in period 0 of lifetime

wealth.

Z,=c, +P_c. +P,c, = aggregate consumption expenditure in period t (t =0, 1).

Given the preference structure described above, the entire utility maximization
problem of the representative consumer may be divided into two parts:

(i) the temporal allocation of Z, among ¢, , ¢, , and ¢, (t=0, 1);

(ii) intertemporal allocation of W between Z, and Z, subject to Z, + a,,,Z, = W, .
The first stage of the problem may be viewed as one of minimizing the cost (spending) Z,

of obtaining subutility C, (t =0, 1). The assumption that C, is linearly homogeneous with
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respect to its arguments implies that the cost or the spending function may be written as:

Zt = I)l (1’ PI‘llt ? Pnl )C! >
where P(1, P,,,,, P,,) may be viewed as the marginal cost of obtaining subutility C,. The
assumption of linear homogeneity of C, provides the basis to express the marginal cost of
C, as a function of relative prices only. Defining as an index number, P, may be expressed
as:

xt Bm n

B, = (1) (Pa) = (P)"™

where By, + B +Bn = 1. Such an index number can be derived through expenditure

minimization with the linear homogeneous subutility function of the following form::

C= (cxt )B“ (Cmt )B.. (cm )BM’ Bu +Bm +By =1,
where the variable ¢, (i = x, m, n) represents the consumption of good i in period t. The
exponent B, (i = x, m, n) has the property that it represents the share of expenditure on
good i in period t total consumption expenditure. In other words, B;, (i = x, m, n)
represents the budget share of the i good in period t consumption expenditure. The price
index defined above, P,, displays the usual properties of a price index.

In the second stage of the consumer’s optimization process, the problem is to
choose Cy and C, to maximize lifetime utility, U = U[C,, C,], subject to lifetime budget
constraint given by:

PoCo + 0 P,C, = Wy

The budget constraint may be rewritten as:
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Co+0Ci =W,

where

a‘cl = axl(%’)andwcﬂ = _\_g_l')_
0 0

Here a.; may be interpreted as the real discount factor applicable to total consumption
expenditure in period 1. Solving the allocation problem of the second stage, the periodic
demand function of the following form may be obtained:

C,=C (a1, Weo).
In the periodic demand function above, o, represents the intertemporal price ratio of
consumption in period 1 in terms of that in period 0.

Foreign Country

The representative agent in the foreign country is assumed to have preferences

that are identical to that of the representative agent of the home country. The utility

.
ml?®

function of this agent is defined over the consumption set{c;o,c;,,c;o,c c;o,c,’,l}, where
c; (i=X, M, and N, j =0, 1) is the consumption of good i in period j by the
representative agent of the foreign country. Since identical preference structure is
assumed, equilibrium budget shares are exactly the same as those for the representative

agent of the home country. In other words, in equilibrium, f;, =B,,, B., =B..»

and B, =B,,, (t=0, 1). Since perfectly integrated capital market is assumed, the agent

can borrow and lend freely in the world capital market at interest rate, r,,. As has been
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done for the home country, a price index for the foreign country can be defined as:

P'= (0 (R ) (B)™, = 0, 1),
where P, is the price of foreign nontradable good (N"). It is evident from the definition of
price indices for the home and the foreign country that underlying these definitions we
have assumed perfect commodity price arbitrage, and zero transportation cost. Despite the
assumptions of perfect commodity price arbitrage, and zero transportation cost, P, and P;
may diverge due to differential movements in P, andP,, .

Current Account

Assuming no initial debt, the current account balance of the home country in
period t may be defined as the difference between the real income and real consumption

in that period. That is, the real current account balance in period 0 can be written as:

CAy =Y, - Coloy, Wep), (3.22)
where
= Qo t PacQuo (3.23)
Po(me’pnO)

For algebraic simplicity, henceforth we assume that U = U(C,, C,) is a homothetic
utility function. The effects of transitory and permanent shocks to terms of trade on the
current account balance of period 0 can be obtained by differentiating (3.22) with respect
to the variable subject to the shock. If there is a transitory terms of trade increase in

period 0 (dpye > 0, dpy,; = 0), then the effect on the current account balance of period 0 is
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given by:

d(CA,)  8(CA,) Za(CA dlogp,, (3.24)
dlogp,., alogp.,.o < dlogp, dlogpy,

Similarly, the effect of an anticipated shock to terms of trade in period 1 (dp,, =0,

dpp; > 0) on the current account balance of period 0 is given by:

d(CAO) - a(CAO) + ] a(CAO) .dlongn_t__ (325)
dlogp,, dJlogp,, i% dlogp, dlogp,,

The effect of a permanent shock to terms of trade in period 0 on the current account
balance of period 0 is obtained by setting dp,,o = dpp; = dPm, and obtaining the total

derivative of CA, with respect to p,,. That effect is given by:

d(CA) &(CA,) ia(CA ~dlogp, (3.26)
dlogp, dlogp, % dlogp, dlogp,

Now differentiating (3.22) and (3.23) with respect to ppg, Pa1> and p,,, and simplifying, we
can obtain:

8CA,
a log pnO

=B,o[(1-A9) +75]C,, _ (3.27)

0CA,

=- Co» 3.28
alog pn] Bn](yc) 0 ( )

oCA,
=B _(1-24,)C,, 3.29
610gp“ Bn( 0) 0 ( )

where 1, is the ratio of real domestic income (Y)) to real spending in period 0.

Similarly, we can obtain:
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oCA

0 - - — .
Sioap Bro[(1-2o)+¥(c~1)]C,, (3.30)
oA, )

Shogr" B 1(a-1)C,, (331)
Ao _ -
6alocgpm =B, (1-2,)C,- (3.32)

dlogp, , 4 dlogp,
dlogp,,  dlogp,

Using equations (3.27) through (3.32), and the expressions for

(these expressions are derived in Appendix C), we can see how the current account of the
home country in period 0 is affected by temporary and permanent changes in terms of
trade. If, for example, there is a permanent deterioration of the terms of trade in period 0
(dPmo = dPm; = dp,, > 0), then the effect of such a change can be expressed, after

simplification, as’:

d(CA

diog ;m) =Bn(1=2,)Co +B,(1-20)Co(00m —1A,, (3.33)
where

A= P > 0.

(BuGum +BsCi)
It is evident from equation (3.33) that the effect of a permanent change in the terms of
trade on the current account balance depends critically on the initial net indebtedness ().
If the initial current account is balanced (A, = 1), then the permanent deterioration of the
terms of trade lowers domestic real income and spending by the same amount, and the

current account balance is unaffected. Similarly, assuming that initially the current
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account is balanced, the effect of a temporary deterioration in the terms of trade in

period 0 (dpyo > 0, dpy,; = 0) on the current account of period 0 is given by:
d(cA,)

- = BmY(G - I)Co + ﬁn’YO'(O'nm - 6)COI\Z ’ (334)
dlogpn,

where

P

2=
B.Oum +B,C

X nx

>
+B,0

Also, it can be shown that d(cA,) =- d(ca,) .
dlogp,,  dlogp,,

Thus, starting from an initial current account balance (that is, Ay = 1 in equation
(3.33)) a permanent terms of trade change will leave the current account unaffected, while
the effect of a temporary terms of trade is not necessarily zero. The magnitude and
direction of the effects of a temporary shock to terms of trade on current account balance
of period 0 depends on the values of the parameters of the model. In fact, the first term of
equation (3.34) may be interpreted as the direct effect while the second term may be
viewed as the indirect effect of a temporary terms of trade increase on current account of
period 0. Looking at the first term of equation (3.34), we observe that the direct effect is
positive (that is, current account improves) if the intertemporal elasticity of substitution
(o) is greater than unity. Otherwise, the direct effect of a temporary terms of trade
increase in period 0 has a negative effect on period 0 current account. Further, it is
evident that the indirect effect (given by the second term of equation (3.34)) of a

temporary terms of trade deterioration in period 0 depends on the relative values of the
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intratemporal elasticity of substitution between domestic nontradable good and the import
good (o,y,), and the intertemporal elasticity of substitution (o). If the temporal elasticity
of substitution (o,,,) dominates the intertemporal elasticity of substitution, then a
temporary deterioration in the terms of trade in period 0 improves the current account in
period 0. Otherwise, such a terms of trade deterioration leads to a current account deficit.
Thus, a priori we can not unambiguously predict the effects of a temporary terms of trade
shock on the current account balance in that period.

The conceptual model described above highlights the roles of income and relative
prices in determining the current account balance of a country. However, several authors
have emphasized the importance of government consumption as a determinant of current
account balance. For instance Ahmed (1986, 1987) emphasizes government spending as
one of the determinants of the trade balance of the United Kingdom. Lee and Enders
(1991) focus on the relation between budget deficit and current account deficit of the
United States'’. In our study government consumption is included as an exogenous
variable affecting the current account balance. However, no effort has been made to
distinguish between transitory and permanent changes in government consumption as a
determinant of current account balance.

Description of Data and Variables

In the conceptual model outlined above, we have discussed the effects of

temporary and permanent changes in income and terms of trade on the current account

balance of the home country. In empirical tests of the hypotheses that will be discussed in
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later chapters, real exchange rate has been used as the macroeconomic analog of terms of
trade. Essentially, terms of trade attempts to measure the relative prices of imports in
terms of domestic exportable good. In fact terms of trade have been defined in the
literature in more than one way. One definition of terms of trade is the ratio of import
price to export price. Following the usual practice in empirical literature in international
economics, we use the aggregate foreign price level relative to domestic price level as the
empirical counterpart of the concept of terms of trade used in the last section.
Accordingly the real exchange rate (of the home country) is defined here as the relative
aggregate price of the foreign country in terms of that of the home country. Denoting the

real exchange rate in period t by R,, the definition above may be written as:

From the construction of P, and P, it follows that R, may change in response to
differential movements in P, and P, . Given the structure of the model outlined in the last
section, even though we allow complete price arbitrage, no transﬁortation costs, and no
impediments to trade, P, and P, may diverge due to exogenous shocks to oil prices, or
differential rate of technological progress across sectors and between the two countries.
This study uses data on current account balance of the United States and Japan.
The analysis is performed in terms of the US vs. the rest of the world, and Japan vs. rest
of the world. In the case of US current account balance, the following country data are

aggregated and ireated as the rest of the world: Australia, Austria, Canada, France,
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Germany, Italy, Japan, South Korea, Sweden, and the United Kingdom. Similarly, in
analyzing the current account balance of Japan, the rest of the world comprises of the
following countries: Australia, Austria, Canada, France, Germany, Italy, South Korea,
Sweden, the United States, and the United Kingdom. The variables used in the analysis
are real GNP/GDP, real government consumption of goods and services of each of the
countries, and multilateral effective real exchange rate of the United States and Japan, as
reported in the International Financial Statistics. Curfent account balance is defined as the
balance of goods and services. All income and government consumption are defined in
1985 constant price and then converted to US$. In the analysis of US current account ,
income and government consumption of the 10 countries (Australia, Austria, Canada,
France, Germany, Italy, Japan, South Korea, Sweden, and the United Kingdom) are
aggregated to obtain the rest of the world income and government consumption.
Similarly, for Japan, income and government consumption of Australia, Austria, Canada,
France, Germany, Italy, South Korea, Sweden, the United States, and the United
Kingdom are aggregated to obtain the rest of the world income and government
consumption. Whenever available, GNP is used as measure of national income.
Otherwise, GDP is used. Specifically the following definitions of the variables are used:
Current account = Ln(export of goods & services) - Ln(import of goods & services).
Relative income = Ln(domestic income) - Ln(world income).

Real exchange rate = multilateral effective exchange rate reported by IMF.
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Relative government consumption = Ln(domestic government consumption) -
Ln(government consumption in the rest of the world).
In these definitions, Ln denotes natural logarithm. All income, government consumption,
exports, and imports are defined in 1985 constant price and then converted into US §$.
All data used in the study are obtained from International Monetary Fund
CD-ROM. The study uses quarterly data and the period covered is 1973:1 to 1993:2, the

floating exchange rate period.
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Endnotes

1. Detailed derivation of the consumption function is presented in appendix Al.

2. It should be noted that although the assumptions about the specific utility function, the
restrictions on the behavior of Y,, and constant R allow us to derive a consumption
function equation that is very convenient to work with, it has some undesirable
properties. Specifically, the equilibrium law of motion for asset holding satisfies the
following condition:

1 aR 1 |
A A, +——+RY,-|R-—|) R~ ’E Y,,. (see Sargent 1987, pp. 365 - 366,

for detalls). When BR > 1, the above condition implies that E,A,,; converges as j — .

Further, it can be shown that when R > 1, hm EC 2 This implies that if BR > 1,
2
the system can be expected to converge to a level of asset holdings such that consumption

varies stochastically around the bliss level of consumption. This is an unsatisfactory
result because it implies that eventually the marginal utility of consumption fluctuates
around zero. Despite such undesirable limiting property, the model generates sensible
results at low consumption levels. This is one reason that we impose restriction specified
by equation (3.3).

t+1

3. This specification for the stochastic process describing the evolution of the real
income (Y,) has the implication that Y, may grow indefinitely large. That may lead to
levels of consumption so high that the restriction specified by equation (3.3) may be
violated. However, we maintain the assumption that the economy operates at levels where
such a situation does not arise.

4. The effects of permanent and transitory changes in income in period t on the current
account balance in period t are illustrated in appendix A2.

5. The production technology used in this exposition is very similar to the one used by
Marston and Turnovsky (1985). Similar specification of production technology has been
used by Bruno and Sachs (1979), and Bruno (1981) in the context of analyzing the effects
of oil price increases. All these studies use a Cobb-Douglas specification for the value-
added functions, and a CES specification for the gross output functions which are
assumed to be function of value added and a raw material. We assume that both the
value-added functions, as well as the gross output functions are of Cobb-Douglas form
with constant returns to scale. In this exposition, instead of using a raw material, it is
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assumed that both sectors use each others output as input. A second modification is that
we incorporate technical progress parameter. The purpose of this modification is to bring
out the point that differential technical progress in the two sectors, as well as in the two
countries are sources of changes in relative prices which will ultimately affect the real
exchange rate (defined later) between the two countries. The choice of Cobb-Douglas
functional form is purely for the sake of simplicity of analysis.

6. As Marston and Turnovsky (1985) mentions (see their reference to Arrow (1974)),
gross output must be separable in value added and other inputs for the value added
function to be well defined.

7. The assumption that the home country does not import any input (oil) from the third
country while the foreign country does so is made to highlight the fact that different
countries have different degrees of dependence on imported raw materials. Therefore,
major changes in the prices of raw materials may affect the prices and competitiveness of
different countries in very different ways. Ultimately these differential impacts of raw
material price changes will be reflected on the real exchange rate between any two
countries that are affected differently.

8. The exposition in this section draws heavily from Frankel and Razin (1987) and Ostry
(1988).

9. These results are derived under the condition that the expenditure shares remain
unchanged between periods 0 and 1.

10. For theoretical discussion on this issue, see Frankel and Razin (1987) and the
references there.
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CHAPTER 4. UNIVARIATE PROPERTIES OF THE DATA:
UNIT ROOTS

Unit Roots in Time Series

Traditional macroeconomic literature was built on the presumption that real
macroeconomic variables could be described by stationary stochastic processes. In other
words, such literature implicitly assumed that the data generating processes could be
modeled as stable stochastic processes (i.e., the characteristic roots of the polynomial
describing the autoregressive components of the data series were less that unity in
absolute value). Although theoretical implications of the presence of unit roots (in the
autoregressive components of data series) greater than or equal to unity (in absolute
value) were long known, econometric studies tended to ignore such a possibility on the
basis of the commonly held belief that real macroeconomic variables were indeed
stationary.

Until recently, traditional macroeconomic models used to decompose a real
economic variable into a secular trend, a cyclical component, and an irregular component.
The secular trend was thought to be determined by long-run factors such as population
growth, technological progress, human and non-human capital accumulation. These
determinants of the trend were believed to change only slowly and over time, where the
rates of change were believed to be constant. Consequently, the trend component in any

macroeconomic series (if any) was modeled as a deterministic trend and approximated by
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a polynomial in time. Thus, although it was recognized that the presence of the trend
component rendered the data series non-stationary in mean, the deterministic nature of
the trend allowed an econometrician to remove the trend (detrending of variables) by
using a linear (or polynomial) time trend in the regression model. The cyclical and the
irregular components were believed to be stationary stochastic processes. Hence, the issue
of non-stationarity of real economic variables was largely ignored.

In their seminal work, Nelson and Plosser (1981) demonstrates that important
macroeconomic variables are characterized not by deterministic trends, but by stochastic
trends. In other words, their general conclusion is that the stochastic processes describing
most macroeconomic variables contains at least one unit root in their autoregressive
components. That is, most macroeconomic variables are difference stationary rather than
trend stationary, as was presumed in traditional econometric literature.

The Nelson-Plosser (1981) study stimulated tremendous interest in the
macroeconometric research, and over the last decade an enormous literature has grown
that deals with the issue of potential unit roots in macroeconomic data series and their
implications for econometric analysis. Despite some arguments to the contrary by Perron
(1989, 1992), Rudebusch (1992, 1993), and others, the overwhelming opinion of the
profession on this issue is that indeed most macroeconomic variables are characterized by
the presence of unit roots.

Notwithstanding the contrary opinions of Perron (1989, 1992) and others, there is

general agreement that in any econometric study that uses macroeconomic data series, it
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is of utmost importance to examine first whether any variable used in the study contains
one or more unit roots in its autoregressive component. This is because the presence of
unit roots has profound implications for model building, estimation strategy, and
statistical inference. For instance, if a data series actually contains a unit root then the
effects of exogenous shocks on the variable in question are very different from the case
where the series does not contain any unit root. More explicitly, if the data series contains
a unit root then the exogenous disturbances have permanent effects on the variable in
question in the sense that the effects of the shocks do not disappear over time. That is,
shocks to such a variable has permanent effects. On the other hand, if there is no unit root
in the data series then exogenous disturbances only have transient effects in the sense that
the effects of such disturbances die down over time and, in the long-run, the variable
reverts back to its long-run path. From pure statistical standpoint, presence of unit roots
in the data series renders many standard methods of estimation and inference invalid.
This is because the sampling distributions of most estimators are based on the assumption
of covariance stationary behavior of the variables and error terms. If unit roots are present
in the data, the standard sampling distribution results of most estimators do not remain
valid and inferences made on the basis of the standard sampling distributions of the
estimators no longer remain statistically reliable.

Further, presence of unit roots in the variables has serious implications for
standard regression models. The classical regression model is based on the assumptions

that both the dependent and the explanatory variables are stationary, and that the error
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term has zero mean and finite variance. Presence of non-stationary variables may lead to
what Granger and Newbold (1974) calls spurious regression results in the sense that
estimation of a regression equation with non-stationary variables may generate high R?
(coefficient of determination) and t-statistics that may appear to be significant when there
exists no meaningful relationship between the dependent variable and the explanatory
variables. It is therefore important that the variables used in the empirical analysis be
examined carefully for the presence of potential unit roots.
Testing for Unit Roots

Testing for stationarity of a variable is equivalent to testing for the presence of
unit roots in the autoregressive component of the stochastic variable. The methodology
used to test for the presence of such unit roots is based on variations of the Augmented
Dickey-Fuller (ADF) test. This section provides a brief discussion of the ADF testing
procedure.
The Augmented Dickey-Fuller Test

To illustrate, let us consider the case where the data generating process for the

stochastic variable Y, can be well represented by the pth order autoregressive process:

p
Y, =a,+.aY,; +¢g, .1
i=l
where the disturbance term €, follows a covariance stationary process.

Equation (4.1) may be rewritten as:

P
AY! = ao + YYI-I + ZBiAYHl-i + E( s (42)
i=2
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where

AY,=Y,-Y,, = first difference of Y,, ¥ = —[l - zp"ai), and B; = —zp: a;.
i=l j=i

If the coefficient y in equation (4.2) is zero (y = 0) then the equation is entirely in first
difference, and therefore, equation (4.1) has a unit root. Hence, testing for the presence of
a unit root focuses on testing for the null hypothesis that y = 0 in equation (4.2). The
Augmented Dickey-Fuller (ADF) test is essentially a test of the above null hypothesis.
However, the standard t-statistic is not useful for testing the above null hypothesis.
Rather, the ADF test is the appropriate tool for testing the above null hypothesis.
However, the ADF test depends critically on the deterministic components included in
the equation used to estimate the test statistic.

Dickey and Fuller developed the test statistic and calculated the critical values for
three different representations of the data generating process:

Case I: The autoregressive representation of Y, contains both an intercept term

and a linear time trend. That is, Y, may be represented as:
p

Y =a,+bt+ ZaiY,_i +€,, or equivalently,
i=l

P
AY, =2, + bt +7Y,, + ) BAY,,.; +&,. 4.3)

i=2
Testing for unit root now involves estimation of the above equation and compare
the t-ratio of estimated y () with the critical values of the 1, -statistic developed

by Dickey and Fuller (1979).
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Case I1. The autoregressive representation of Y, contains an intercept term, but no

time trend. That is, Y, may be represented as:

P
Y =a,+ Z aY,; +¢,, or equivalently,

p
AY, =a, +7Y,, + ZBiAYuH TE,. (4.4)

i=2
Testing for unit root (testing for the null hypothesis that y = 0) follows exactly the
same procedure as in case 1. The only difference is that now the t-ratio of the
estimated y () is compared with the critical values of the 1-statistic developed
by Dickey and Fuller (1979).
Case III. In this case, Y, contains no deterministic component and is well

represented by:

p
Y, = ZaiY,_i + €,, or equivalently,
i=l

AY, =YY, + gBiYM_i +€,. _ 4.5)
The Augmented Dickey-Fuller test involves comparing the estimated t-ratio of the
¥ in equation (4.5) with the critical values of the t-statistic in Dickey and Fuller
(1979).

Practical Problems in Testing for Unit Roots
However, there are some important issues involved in implementing the ADF test.

The different forms of the ADF test are based on the assumption that the error term in
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each representation of Y, is identically and independently distributed (iid) with zero mean
and constant variance. In reality, the true data generating process may contain both
autoregressive and moving average components. In such a case estimation of the
autoregressive equation (4.2) leaves the moving average component in the error term, and
therefore, the iid assumption about the error process is violated. Another problem in
implementing the test is that of choosing an appropriate lag-length for equations (4.3)
through (4.5). Finally, as Campbell and Perron (1991) point out, the proper handling of
the deterministic trend is a vital prerequisite for dealing with unit roots. Since it is not
known a priori whether the deterministic components (intercept and time trend) should
be included in estimating equations (4.3) through (4.5), the testing procedure should be
careful about the inclusion of the intercept and the time trend in the equation.

The issue of potential moving average component in the error terms of equations
(4.3) through (4.5) has been addressed by Said and Dickey (1984). They show that an

unknown ARIMA(p,1,q) process can be well approximated by an ARIMA(n,1,0)

autoregressive process of orderT#. Hence, a potentially mixed error process can be
estimated using a finite autoregressive process. The ADF statistic may be applied to test
may then be used to test for unit roots.

On the question of choosing appropriate lag-length for equations (4.3) through
(4.5), Campbell and Perron (1991) suggest the following procedure. One should start with

a relatively long lag-length n’. If the t-statistic on lag n" is statistically insignificant at
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some specified critical value, the equation should be re-estimated with (n' - l) lags. The

procedure should be repeated until the t-statistic on the last lagged term is statistically
significant. In this study the above procedure has been followed in selecting the
lag-length to estimate the ADF statistics. Initially, equations are estimated with 12 lags,
and standard t-statistic and F-statistic are used to reduce the number of lags in the
equations. Once a tentative lag-length is selected, additional diagnostic checking is done
to if check if residual terms reveal any evidence of structural breaks or serial correlation.
Specifically, plots of the residuals as well as their correlograms are examined for
potential structural breaks and serial correlation. Formally, Ljung-Box (1978) Q-statistic
is used to test for serial correlation in the residuals at lags 4 and above up to 24 lags.

Perhaps the most important issue in testing for unit roots using the ADF statistic
is that of the treatment of deterministic components. The problem arises due to the fact
that the distribution of the test statistics (t, and t,) are themselves dependent on the
presence of particular deterministic variables included as regressors. To complicate the
matter further, tests to determine the appropriateness of deterministic regressors are
conditional on the presence of unit roots. On this issue, Campbell and Perron (1991)
report the
following results:

1. When the estimated regression includes at least all the deterministic elements

in the actual data generating process, the distribution of ¥ is non-normal under
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the null of a unit root. The distribution itself varies with the set of parameters
included in the estimated equation.

2. If the estimated regression includes deterministic regressors that are not in the
actual data generating process, the power of the unit root test against a
stationary alternative decreases as additional deterministic regressors are
added.

3. If the estimated regression omits an important deterministic trending variable
present in the true data generating process, the power of the t-statistic goes to
zero as sample size increases. If the estimated equation omits a non-trending
variable, the t-statistic is consistent but its finite sample power decreases as
the magnitude of the coefficient of the omitted variable increases.

The 1, 1,, §1 , §2 , and ¢; statistics (the ¢; statistics are test statistics to determine the
appropriateness of including the intercept term and the linear trend in the autoregressive
representation of Y,, and are described later) have asymptotic distributions tabulated by
Dickey and Fuller (1979, 1981). The critical values of the various statistics depend on
sample size. However, the sample variance of {Y,} will be dominated by the presence of
trend or drift, and as sample size increases, the T, and 1, statistics converge to standard
normal distribution. It is only when the time trend is zero in the estimated equation and in
the true data generating process that the Dickey-Fuller distribution dominates.

The discussion above implies that in testing for stationarity of a data series, one

may reach a wrong conclusion because of a misspecification of the deterministic
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components in the regression equation. When the actual data generating process is

unknown, Dolado, Jenkins, and Sosvilla-Rivero (1990) suggest the following sequential

procedure in implementing the unit root tests:

1.

One should start with the least restrictive of the plausible models (which will,
in general, include an intercept term and a time trend in the regression
equation) and use the t.-statistic to test the null hypothesis of a unit root. Unit
root tests generally have low power to reject the null hypothesis. Therefore, if
the null of a unit root is rejected, one may draw the conclusion that the data
series does not contain a unit root.

If the null of a unit root is not rejected, one should then test for the
significance of the time trend under the null of a unit root by using the
¢;-statistic described in Dickey and Fuller (1981) (the test is described later).
If the time trend is not significant, then one should proceed to step 3. On the
other hand, if the time trend is statistically significant, one should test for a
unit root using the standard normal test. If such test rejects the null of a unit
root, that implies no unit root in the data generating process. Otherwise, one
may reach the conclusion that there is a unit root in the variable in question.
In this step, one should re-estimate the regression equation without a time
trend term (i.e., estimate equation (4.4)) and use the 1 ,-statistic to test the null
of a unit root in the variable. If the null of a unit root is not rejected, one

should test for the significance of the intercept term in the regression equation
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using the ¢,-statistic described in Dickey and Fuller (1981). If the intercept
term is not significant then one should go to step 4. If the intercept term is
significant, one may use the standard normal distribution in testing the null
hypothesis that y = 0 in equation (4.4) and accept the conclusion of this test.

4. In this step, regression equation should be re-estimated without the intercept
term and any time trend (i.e., estimate equation (4.5)). Now the t-statistic
should be used to test for the presence of a unit root and conclusion should be
drawn on the basis of this test result.

In this study, the sequential procedure outline above has been followed in the

empirical implementation of the ADF test.

Deterministic Components in the Data and Unit Roots Tests

It is evident from previous discussion that proper specification of the deterministic
components in the regression equation is a prerequisite for the ADF test. In order to
determine the appropriate deterministic terms to be included in the unit root test, the
Dickey-Fuller (1981) procedure is followed. Their procedure is as follows:

Step 1. The regression equation is estimated with an intercept term and a linear

time trend. Under the null of a unit root, test for the significance of the time trend

can be performed by obtaining the F-statistic for the joint null hypothesis

Hy:  y=P=0

H,: NotH,.
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The estimated value of the F-statistic is then compared with the tabulated value of
the ¢;-statistic in Dickey and Fuller (1981).
Step 2. If the null hypothesis is not rejected in step 1 then equation (4.4) is
estimated. Under the null of a unit root, test for the significance of the intercept
term is equivalent to the test of the joint null and alternative hypotheses:

Hy  7=Bo=0

Ha:  NotHy.
The test involves obtaining the estimated F-statistic and comparing it with the
tabulated values of the ¢,-statistic reported in Dickey and Fuller (1981).

The test statistics for various null and alternative hypotheses are summarized below:

p
Case 1. Estimated regression equation: Ay, =By +Bit +vy,. + 2 BiAY,i +E,
i=2
Test for unit root: Hy: y=0; Ha: v<0
Test statistic: T,-statistic.

Test of significance of time trend H,: B, =y=0; H,: Not H,.
in the presence of a unit root: Test statistic: ¢5-statistic.

p
Case 2. Estimated regression equation: Ay, =By + ¥y t+ ZB;A}’m-i tE,

i=2
Test for unit root: Hy: v=0; Hy: y<0
Test statistic: T -statistic.

Test of significance of time trend Hy: f,=y=0; H,: Not H,.
in the presence of a unit root. Test statistic: ¢,-statistic.

P
Case 3. Estimated regression equation: Ay, =Yy, + ZBiA}’m-i T
i=2
Test for unit root: Hy: y=0; Hy: y<0
Test statistic: t-statistic.
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Empirical Results

Campbell and Perron (1991) report that the powers of unit root tests are higher
over longer data span compared to those with shorter time span even if the latter has more
observations due to more frequent sampling. Accordingly, empirical tests of unit roots are
performed with data covering as long a period as available. Tests of unit roots are
performed for US real income, World (vis-a-vis US, and Japan) real income, and
Japanese real income over the period 1965Q1 to 1993Q2. For current account balance,
relative government consumption, and multilateral real exchange rates of the US and
Japan, tests are performed over the period 1970Q1 to 1993Q2. For each data series,
starting with 12 lags, we reduce the number of lags in the equation on the basis of the
significance of the last lag term and the joint significance of the last four lag terms.
Finally, after choosing the lag-length the Ljung-Box test is used to verify the assumption
of iid for the error term.
Results of Unit Roots Tests: The United States

The Augmented Dickey-Fuller test (in its different forms) has been performed to
examine the potential for unit roots in different US data series, namely US and rest of the
world GNP, multilateral effective real exchange rate, US real government consumption
relative to rest of the world, and the current account balance. The test statistics used are
the three forms of the t-test, and the ¢;-test. The estimated values of the test statistics and

their 95% critical values for the closest sample sizes are summarized in Table 4.1.
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Table 4.1. Results of Unit Roots Tests: US Data

Series No of Obs.

US GNP
World Income
US Real

Exchange Rate

Current Account
Balance

Relative Govt.
Consumption

The Augmented Dickey-Fuller test and the ¢

Statistic 7,(0.95) ¢;-Statistic

105 1, =-2.77 -3.45 by =4.47
1, =-0.88 -2.89

105 T,=-2.24 -3.45 b3 =4.76
1,=-2.40 -2.89

89  1,=-1.68 -2.89 b, =1.65
1=-0.90 -1.95

89  1,=-1.81 2289  ¢,=4.00
=-1.66 -1.95

89 1,=0.73 345 ;=215
1,=-1.83 -2.89

$;(0.95)

7.44

7.44

4.71

4.71

4.71

US Real Income

The time series of US real income is plotted in Figure 4.1. It appears from the plot

of the series that US real income may contain a linear time trend. Accordingly, first the

lag-length is determined using the procedure outlined earlier'. Once the lag-length is

determined, the t.-statistic is calculated by estimating equation (4.3). The sample value of

the t.-statistic is found to be -2.77. The 95% critical value of the 1,-statistic for a sample

size of 100 is -3.45. The sample value the test statistic is calculated on the basis of 105

observations. Since the sample estimate of the test statistic is less (in absolute value) than
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the 95% critical value of the statistic, the null hypothesis of a unit root can not be
rejected. In other words, the result of the t,-test suggests that US real income series
contains a unit root. Following the sequential testing strategy outlined earlier, the next
logical step is to test for the appropriateness of including the linear time trend in equation
(4.3). For that we use the ¢5-statistic described in Dickey and Fuller (1981).

Having failed to reject the presence of a unit root using the t,-statistic, test is
performed for the following null and alternative hypotheses for equation (4.3):

Hy: Bi=y=0

H,. NotH,.

Sample estimate of the ¢;-statistic is 4.47 which is well below the tabulated value of the
test statistic at 95% level (which is 7.44 for 100 observations and 7.25 for 250
observations). Hence, the joint null of a unit root and no linear time trend can not be
rejected.

On the basis of these results, equation (4.4) is estimated. Now the appropriate test
for the presence of a unit root is the t,-test. The estimated value of the test statistic is
-0.88 which is well below the tabulated value of the test statistic at 95% significance level
(which is -2.89 for 100 observations). Given the data series for real income of the US, it
is reasonable to assume that the data generating process includes a drift term. On that
assumption the t-statistic is considered as the appropriate test statistic. Given the result
of the T,-test above, it may be concluded that the real income series of the US contains a

unit root. Test of stationarity of AY, convincingly rejects the presence of any additional
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unit root in Y,. Hence, it concluded that there is one unit root in US real income.
World Income vis-a-vis the US

Plot of world (vis-a-vis the US) real income in presented in Figure 4.2. The plot
suggests that there may be a linear time trend in world income. So, after determining the
appropriate lag-length the 1_-statistic is calculated. The sample estimate of the 1 -statistic
is -2.24 which is less (in absolute value) than the 95% critical value of the test statistic
(which is -3.45 for 100 observations, and -3.43 for 250 observations). Hence, the null of a
unit root can not be rejected. The test of the joint null of a unit root and no linear time
trend (¢;-test) yields a sample estimate of 4.76 which is less than the 95% critical value of
the ¢;-statistic (which is 7.44 for 100 observations and 7.25 for 250 observations).
Therefore, the joint null of a unit root and no linear time trend in world income (vis-a-vis
the US) can not be rejected.

Following our sequential testing procedure, given above results, regression
equation is re-estimated without any time trend, and the t,-statistic is calculated. The
estimated value of the test statistic is -2.40 which is below (in absolute terms) the 95%
critical value (which is -2.89 for 100 observations and -2.88 for 250 observations). As in
the case of US real income, it is reasonable to assume that the true data generating
process contains a drift term. In that case the t,-statistic is the appropriate tool to test for
the presence of a unit root. Hence, it is concluded that world real income (vis-a-vis the
US) contains a unit root. Formal test convincingly rejects any unit root in the first

difference of the data series.
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Multilateral Real Exchange Rate

Plot of US multilateral effective real exchange rate is shown in Figure 4.3. The
graph does not suggest any linear time trend in the data. So, the regression equation is
estimated with an intercept term and no linear time trend. Now the appropriate ADF test
statistic is the t,-statistic. The sample estimate of the test statistic is -1.68 which is well
below (in absolute terms) the 95% critical value of the test statistic. Hence, the null
hypothesis of a unit root in US multilateral real exchange rate can not be rejected.

Test of the significance of the intercept term in the estimated equation is
performed with the ¢,-test described in Dickey and Fuller (1981). The estimated value of
the ¢,-statistic is 1.65 which is lower than the 95% critical value (which is 4.71 for 100
observations and the sample size for US real exchange rate is 89). The ¢,-test, therefore,
suggests that in the presence of a unit root the intercept term is not significant.

On the basis of these results, equation (4.5) is estimated and the t-statistic is
calculated. The sample value of the t-statistic is found to be -0.90 which is well below (in
absolute terms) the 95% critical value (-1.95 for 100 observations). Hence, it is concluded
that US multilateral real exchange rate contains a unit root. The potential for additional
unit root is tested by performing the ADF test on the first difference of the real exchange
rate. Results of that test decisively rejects the presence of any unit root in the first
difference of the data series. Hence, our conclusion is that there is only one unit root in

US multilateral effective real exchange rate data.
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Current Account Balance

Graph of US current account balance is presented in Figure 4.4. In the graph, we
do not see any evidence suggesting that US current account series contains a linear time
trend. In this case, therefore, the appropriate test statistic is the 7 -test. Accordingly, first
the regression equation (4.4) is estimated and t,,-statistic is calculated. The sample
estimate of the t,-statistic is -1.81. The 95% critical value of this test statistic for 100
observations is -2.89 and the sample size for US current account balance is 89. This
suggests that there is a unit root in US current account balance.

Next we test for the significance of the intercept term in the presence of a unit root
in the data. Test of significance of the intercept term in equation (4.4) in the presence of a
unit root (the ¢,-statistic) yields a sample estimate of 4.00 which is below its 95% critical
value. So, the joint null of a unit root and no intercept term in equation (4.4) can not be
rejected for US current account balance.

On the basis of the above test results, equation (4.5) is estimated and t-statistic is
calculated. The sample estimate of the 1-statistic is -1.66 which is below (in absolute
terms) the 95% critical value of the test statistic. This result leads to the conclusion that
there is a unit root in US current account balance series. Test for the presence of a unit
root is performed on the first difference of the series. ADF test on the first difference of
the series reveals no evidence of unit roots. Hence, we conclude that US current account

series contains a unit root.
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US Relative Government Consumption

Figure 4.5 represents the U.S. government consumption relative to rest of the
world . The plot shows a general upward trend. This suggests that we should start with
the 1.-test . The sample estimate of 1.-statistic is 0.73 which is below its 95% critical
value (in absolute terms). This implies that the null of a unit root can not be rejected at
conventional significance level. The significance of a linear time trend is tested with the
¢-statistic. When the ¢;-statistic is calculated, the sample estimate is found to be 2.15
which is less than its 95% critical value. This implies that there is no (deterministic)
linear time trend in the series. Given this result, our next logical step is to perform the
7,-test. When the t-statistic is estimated the sample value of the statistic is found to be -
1.83 which is less (in absolute value) than its 95% critical value. Hence, the null of a unit
root can not be rejected at conventional significance level. Inspection of the graph
suggests that the drift term should be included in performing the ADF test. Therefore, the
result of the t,-test is accepted and we conclude that US relative government
consumption contains a unit root. As with other variable, test is performed on the first
difference of the data series to investigate the potential for additional unit roots in the
series. ADF test on the first difference of the series strongly rejects presence of additional
unit root. All these results lead to the conclusion that there is only one unit root in US

government consumption relative to rest of the world (vis-a-vis the US).
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Results of Unit Roots Tests: Japan

Now we discuss the results of ADF test for Japanese data series. The procedure
adopted is exactly the same as the one used for of U.S. data. The results of the
Augmented Dickey-Fuller test for each of the variables are summarized in Table 4.2.

Real Income

Real income of Japan is plotted in Figure 4.6. The series clearly shows an upward
trend suggesting the potential for a linear time trend. Following the same strategy as in
the case of US data series, first the t,-statistic is calculated for Japanese real income

series.

Table 4.2. Results of Unit Roots Tests: Japan

Augmented Dickey-Fuller and ¢;-
Series No of Obs  Statistic  1,(0.95)  ¢;-Statistic $,(0.95)
Japanese GNP 105 T, =-1.85 -3.45 $;=4.01 7.44
1,=-2.50 -2.89
World Income 105 T, =-1.84 -3.45 $;=2.50 7.44
1, =-1.45 -2.89
Real Exchange 89 1, =-1.58 -2.89 ¢, =1.67 4.71
Rate t=0.67 1.66
Current Account 89 1,=-1.93 -2.89 ¢, =1.89 4.71
Balance t=-1.11 -1.66
Relative Govt. 89 1, =-0.81 -2.89 ¢, =0.44 4.71

Consumption t=-0.50 1.66
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From Table 4.2, we can see that the estimated value of the t,-statistic is -1.85 which is
well below (in absolute value) the 95% critical value of the test statistic. Therefore, on the
basis of the t-test, the null hypothesis of a unit root can not be rejected at 5%
significance level.

Having failed to reject the null hypothesis of a unit root on the basis of the t.-test ,
we now test for the joint null of a unit root and no linear time trend in Japanese real
income series. Again from Table 4.2, we see that the test for the joint null of a unit root
and no linear time trend yields a sample value of the ¢;-statistic equal to 4.01 which is
less than the 95% critical value of the test statistic. Therefore, the above joint null can not
be rejected.

On the basis of the above finding, equation (4.4) is estimated and the 7,,-statistic is
calculated. The estimated value of the T, -statistic is -2.50 which is lower (in absolute
value) than the 95% critical value of the test statistic. Again, it is reasonable to assume
that real income data series contains a drift and the t,-statistic is the appropriate test for
the presence of a unit root. On the basis of tile result of the 1 -test it is concluded that the
real income series of Japan contains a unit root. ADF test on the first difference of
Japanese GNP does not suggest any unit root in the first difference of the series. So, our
conclusion is that the GNP series of Japan contains one unit root.

World Real Income vis-a-vis Japan
World real income (vis-a-vis Japan ) is plotted in Figure 4.7. Again, the series

shows an upward trend suggesting a potential linear time trend in the data. Therefore, first
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the 1_-statistic is estimated. From Table 4.2 we can see that the sample estimate of the
1T.~test is found to be -1.84 which is below the 95% critical value of the test statistic. This
suggests presence of a unit root in world income (vis-a-vis Japan). We then test the joint
null of a unit root and no linear trend in world income (vis-a-vis Japan). Test of the joint
null of a unit root and no linear time trend using the ¢;-test yields an estimated value of
the test statistic equal to 2.50 which is well below the 95% critical value of the test
statistic (which is 7.44 for sample size 100). Hence, the joint null of a unit root and no
linear time trend can not be rejected for world income (vis-a-vis Japan).

When equation (4.4) is estimated and the t,-statistic is calculated, the sample
estimate of the test statistic is found to be -1.45. Since this value is smaller (in absolute
terms) than the 95% tabulated value of the test statistic, the null hypothesis of a unit root
in world income can not be rejected. It is reasonable to assume that true data generating
process contains a drift term, and therefore the T, -statistic is the appropriate test statistic.
On the basis of the outcome of the ,-test, it may be concluded that world income (vis-a-
vis Japan) contains a unit root. ADF test on the first difference of the series does not
suggest any unit root in the differenced data.

Multilateral Real Exchange Rate

The plot of Japanese multilateral effective real exchange rate is presented in
Figure 4.8. The plot does not suggest any time trend in the data series. So, equation (4.4)
is estimated and the 1,-statistic is calculated. The estimated value of the test statistic is

-1.58 and this is lower (in absolute value) than the 95% critical value of the test statistic.
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So the t-test fails to reject the null hypothesis of a unit root in Japanese multilateral real
exchange rate. Having failed to reject the null of a unit root on the basis of t,-test , we
then test for the joint null of a unit root and no intercept term in equation (4.4). Test of
this joint null hypothesis is the ¢,-test. Sample estimate of the ¢,-statistic is 1.67 which is
lower than the 95% critical value of the test statistic(which is 4.71 for 100 observations).
Therefore, the joint null of a unit root and no intercept term in equation (4.4) can not be
rejected at 5% significance level.

Estimation of equation (4.5) and the t-statistic yields a sample estimate of the
statistic equal to 0.67. This is well below (in absolute terms) the 95% critical value of the
T-statistic (-1.95 for 100 observations). Therefore, the null hypothesis of a unit root can
not be rejected at conventional significance level. Hence, it is concluded that the Japanese
multilateral real exchange rate series contains a unit root. The ADF test on the first
difference of the series clearly rejects the null of a unit root. Hence, the above test results
leads us to the conclusion that there is only one unit root in the multilateral effective real
exchange rate series of Japan.

Current Account Balance

Figure 4.9 shows the plot of the current account balance of Japan. The graph
suggests no linear time trend in the data. This implies that the appropriate test statistic is
the 1,-statistic. Accordingly, equation (4.4) is estimated and the t,-statistic is calculated.

The sample estimate of the t,-statistic is -1.93 which is well below the 95% tabulated
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value of the test statistic. Therefore, on the basis of the t,-test result, the null hypothesis
of a unit root can not be rejected at 5% significance level

Since the t,,-test fails to reject the null of a unit root in the data series, we now test
for the joint null of a unit root and no intercept term in equation (4.4) using the
¢,-statistic. As can be seen from Table 4.2, the sample estimate of the ¢,-statistic is 1.89
which is lower than the 95% critical value (which is 4.71 for 100 observations). Hence,
the joint null of a unit root and no intercept term in equation (4.4) can not be rejected at
5% significance level.

On the basis of the above findings, regression equation (4.5) is estimated and the
t-statistic is calculated. The estimated value of the test statistic is -1.11 which lower (in
absolute terms) than the 95% critical value of the test statistic (which is 1.95). Hence it is
concluded that the current account balance series of Japan is characterized by the
presence of a unit root. Further, ADF test on the first difference of the series does not
show any evidence of unit roots in the differenced data. This suggests that there is only
one unit root in the current account balance series of Japan.

Relative Government Consumption

Government consumption of Japan relative to rest of the world is shown in
Figure 4.10. The graph shows no evidence of a linear time trend . Accordingly, first the
1,-statistic is calculated. The sample estimate of the statistic is found to be -0.81 which is
lower than the 95% critical value (in absolute terms) of the test statistic (which is -2.89

for 100 observations). This implies that the null of a unit root in the series can not be
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rejected at conventional significance level. Then the appropriateness of including an
intercept term in the regression equation is tested using the ¢,-statistic. The estimated
¢,-statistic is 0.44 which is lower than the 95% critical value of the test statistic. This
suggests that the intercept term should not be included in the regression equation. So, the
equation is estimated without an intercept term, and the t-test is performed. The sample
value of the test statistic is found to be -0.50 which is clearly lower (in absolute value)
than the 95% critical value of the t-statistic. This suggests that the null of a unit root in
the data series can not be rejected. The ADF test on the first difference of the series
convincingly rejects the null of a unit root. Hence we may conclude that there is evidence

in favor of only one unit root in the level of the data series.

It is evident from the test results presented above that real income, real exchange
rate, current accoﬁnt balance, and relative government consumption data all contain a unit
root. The implication of this finding is that all of these variables are affected by shocks
whose effects on the respective variables do not fade away over time. These are
essentially what we call permanent shocks. Our focus in the following chapters is on the
methods to identify the permanent and transitory components in income and real
exchange rate, and then use the decomposed series to test the hypotheses generated by the

intertemporal models of current account determination.
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Endnotes

1. Equations (4.3) through (4.5) were estimated with 4 lags. Plots of the residuals of
equations (4.3) through (4.5) were tested visually for evidence of structural breaks. Such
inspection of the residuals did not reveal signs of structural change. Autocorrelation and
partial autocorrelation functions of the residuals did not show significant serial
correlation. Formally, the Ljung-Box statistics were calculated for each residual for lags
up to 24. The test statistics clearly showed that the autocorrelations at various lags were
all statistically insignificant. Thus, diagnostic checking of the residuals showed no
evidence of structural breaks or significant violation of the iid assumption.
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CHAPTER 5. TRANSITORY AND PERMANENT COMPONENTS
IN INCOME AND REAL EXCHANGE RATE

Transitory and Permanent Components in Time Series

It is evident from chapter 4 that real income (of the US, rest of world vis-a-vis the
US, Japan, and rest of world vis-a-vis Japan) and multilateral effective real exchange
rates of the US and Japan are characterized by the presence of a unit root. In addition to
its relevance from the statistical point of view (estimation and inference), presence of a
unit root in the data series has important conceptual implications. Specifically, if there is
a unit root in a series Y, then exogenous shocks to the variable Y, have permanent effects
in the sense that the effects of exogenous shocks to Y, do not fade away even in the long-
run. To illustrate, let us consider the simple case where the stochastic variable Y, may be
represented as a random walk plus a noise process:

Vi =Yy +E +V, -V,
where g, and v, are random shocks. In the above representation, the effect of €, on Y, is
permanent while that of v, is transitory in nature. This can be seen by writing the general
solution for Y,, given the initial condition that at t = 0 the values of Y, and v, are Y and

v, respectively

t
Y, =Y, -, + ) g+,

It is evident from the general solution for Y, that the shock v, affects Y, only
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contemporaneously with no effect on Yy, (s > 0). Similarly, v; (j > 0) has no effect on
Y,. On the other hand, a given realization of ¢, affects the current value of Y, as well as all
subsequent values Y, (s > 0). More generally, let us consider the following time series

model:
k
Y =0,+ ZociY,_i +u,
i=]

where

P q
u, = ZBigl-i + Z'me-i .
i=0 i=0
So, Y, may be expressed as A(L)Y, = B(L)g, + C(L)n,, where A(L) and B(L) are

appropriate polynomials in the lag operator L. Now Y, may be solved as:

- TR T

+ +
A(L) "

AL " D) E(L)

If the roots of D(L) and E(L) are all within the unit circle (in modulus) then Y,
may be expressed as an infinite sum of current and past realizations of €, and v,, and Y, is
covariance stationary. However, if only one of the polynomials, for example D(L), has

one root equal to unity then Y, may be expressed as:

- €, s G T
‘" (I-L)F(L) E(L) F(L) E(L)

Since D(L) has only one unit root, all roots of F(L) are within the unit circle (in modulus).

In this case, the effect of n, may persist more than one period. Given enough time, the
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effect of n, shock on Y, will fade away, and in the long-run there will not remain effect of
this shock on Y,. On the other hand, it is evident that the effect of an €, shock will persist
forever. In this sense, an g, shock will have a permanent effect on Y,.

As has been discussed in chapter 4, income and real exchange rate series are
characterized by the presence of a unit root. This implies that some shocks to these
variables have permanent effects. In addition to the permanent shocks, there may be
transitory shocks to these variables. The remainder of this chapter focuses on how one
may attempt to identify and separate the transitory and permanent shocks, and the
movements in the observed variables associated with the two types of shocks.
Specifically, two methods of identifying the transitory and permanent components of the
variables are discussed. The first is an univariate suggested by Beveridge and Nelson
(1981). The other is a bivariate method proposed by Blanchard and Quah (1989) who
described and implemented the method to identify transitory and permanent components
in US real income.

Decomposition of Time Series into Transitory and Permanent Components

Despite their elegance, the intertemporal models of current account determination
have not been tested empirically due to our inability to separate the transitory and
permanent components in economic data series. However, some recent developments in
time series techniques provide ways to implement such decomposition of real world data.
This section provides a brief discussion of the two methods used in this study. The first

method is a univariate technique suggested by Beveridge and Nelson (1981). The other
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method is due to Blanchard and Quah (1989). This method uses a bivariate vector
autoregression (VAR) of two variables and imposes some identifying restrictions on the
coefficients of the VAR representation to identify and estimate the transitory and the
permanent components in a variable containing a unit root.
Univariate Decomposition: The Beveridge-Nelson Method

Beveridge and Nelson (1981) developed an elegant method of decomposing a
time series with a unit root into a permanent component (a stochastic trend component)
and a transitory component (a cyclical component that is stationary in nature). Their idea
and decomposition method is reviewed below.

Let z, be a variable with one unit root, i.e., z ~ I(1), and therefore w, =z, - z, is
stationary (i.e., w, ~ [(0)). Since w, is covariance stationary, the Wold representation

theorem may be used to write:

]

W Sk A1,

i=0
where ¢, are iid with zero mean and constant variance. The expectation of z,, conditional
on data for z through time t, denoted by Z(k), is given by:
2(k) = E(Zukizn 2y ) >
which is equivalent to:
2(k) = Zl + E(“’wl + w|+2+' : '+w|+kI w( ’ w[-p" )
Therefore, we have:

oK)=z, +W,(1) + W, (2)+--+W,(K). (5.1)



97

Now, W, = L+ A€, + A€y + A it +AE + A8y H A E L+,

Therefore, we may write:
W (i) = o+ A, + A8 + A8

This gives:
W (i) =p+ D AL E (5.2)
j=0
Substituting (5.2) in (5.1) yields:

2,(k)=2+kp "‘(g)‘i)e: +(kz+l )\,i]g'_l.f....

i=2

Taking a long forecast horizon, one may write:

z,(k)=z, +kp+(2ki)a, +(Zk,~)st_,+---. '(5.3)
i=l i=2
Thus, the forecast profile is asymptotic to a linear function of the forecast horizon
k with slope equal to p (the rate of drift in the series) and a /evel (algebraically the
intercept) which itself is a stochastic process. Beveridge and Nelson (1981) interpret this

level as the permanent or (stochastic) trend component. So, the permanent component in

z, is given by:

zZ, =2z +(Z7‘i )s, +(z}~i)sl_,+
i=1 i=2
This permanent component of z, is a random walk process with drift p (as has

been shown in Beveridge and Nelson (1981)), and may be interpreted as the current

observed value of z plus all forecastable future changes in the series beyond the mean rate
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of drift. In other words, it is the value the series would have if it remained in its long-run
path in the current time period.
Empirical implementation of their decomposition method required Beveridge and

Nelson (1981) to confine their attention to linear processes of rational form:

where 6(L) and ¢(L) are polynomials of order p and q in the lag operator L. Within this
class of processes, we may write:

o(L)w, = d(L)n +6(L)e,.

The above equation may be estimated to obtain the parameters (6, ¢, and p) and
the innovations g, Beveridge and Nelson (1981) suggest truncating the AR and MA
components at some suitably large values of p and q. Obviously the above procedure
involves rather heavy computational burden as equation (5.3) needs to be evaluated
numerically for each period in the sample. This prompted Cuddington and Winters (1987)
to suggest an alternative procedure to obtain the decomposition. Their method involves
the tedious Beveridge and Nelson computation for one period only to obtain the level
benchmark. Once the benchmark level is estimated, decomposition can be obtained rather
easily for other time periods of the sample. Miller (1988) follows the Cuddington and
Winters (1987) method to derive an alternative expression for Z(t), the stochastic trend
component, that does not involve the complex Beveridge and Nelson computation even

for obtaining the benchmark level. When appropriately corrected, Miller’s method
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provides an exact formula if w, is a pure AR(p) process. If, on the other hand, w, contains
a moving average (MA) component then this method too requires truncation of an infinite
sum. Newbold (1990) shows that these computational complexities are simply
unnecessary. He suggests an alternative computational algorithm which is described
below.

Subtracting the mean from the ARMA(p,q) process w,, let us define Y, =w, - p,
so that ¥,(j) = W,(j)— n, where ¥,(j) is the j-period ahead forecast of Y, at period t. Then

the expression for Z, becomes:

Z, =z, +11m[Zw ]

Alternatively, we may write:

k
Z, =z + m[z 9t(j)J =z +c,.
j=
Newbold (1990) then proves that ¢, may be written as:

) ili/.(j)+(1—¢.—---—¢p)"ii¢a?t(q-i+1)’

=l isj
where
y.(i)=y,, fori<0.
The method of Newbold (1990) has been is used here to obtain the univariate
decomposition of the non-stationary variables into respective transitory and permanent

1
components .
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Bivariate Decomposition: The Blanchard-Quah Method

Blanchard and Quah (1989) describes a bivariate method of identifying permanent
and transitory movements in real GNP. Using the information contained in the joint
process followed by real income and unemployment rate, and by imposing restrictions on
the coefficients of the bivariate moving average representation of the first differences of
real GNP and (the level of) unemployment rate, they show how one may recover the
unobserved transitory and permanent shocks from observed data. Unlike the Beveridge-
Nelson (1981) method, this method does not restrict the permanent component to be
random walk.

The issue of decomposition of an integrated sequence of random variable has been
discussed in Quah (1992). He shows that if Y is integrated then, under certain conditions,
it is possible to obtain a unique permanent and transitory decomposition of the integrated
series Y such that Y =Y, + Y1 where Y, ~ I(1) is the permanent component and
Y1 ~ 1(0) is the transitory component. Permanent in this context indicates only that
disturbances to Y|, have long-run effects on Y (and not that the increments of Y, are
uncorrelated). Transitory means that the effects of shocks to this component disappear
gradually over time. The essence of the theorem proving such a result may be
summarized as follows: let Y be integrated and w be a given random sequence such that
z=[w, AYY] is jointly covariance stationary and linearly regular with spectral density
matrix full rank at origin. Further, in Wold decomposition z = Cev each entry in C is

1/2-summable. Then it is possible to obtain a permanent and transitory decomposition of
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Y if and only if AY is not Granger causally prior to w. If such a decomposition exists,
then it is unique. This section presents a brief discussion of the Blanchard-Quah method
of decomposing a nonstationary time series into transitory and permanent components.
The discussion is presented in terms of identifying the transitory and permanent
components of real income. The same methodology is applied to decompose the real
exchange rates into transitory and permanent components.

Following Blanchard and Quah(1989), let us assume that variables x, and Y, are

both characterized by the presence of a unit root. Let x, denote real exchange rate and Y,

’

denote real income. In vector notation let z, =[Ax,,AY,], where A = (1-L) denotes the
first difference of the variable in question. It assumed that there are two types of
disturbances affecting the system: the first type of shock has no long-run effect on real
income. That is, effects of this shock dies down gradually over time and, in the long-run
it has no effect on Y, . The second type of disturbance may have long-run effects on the

variables. This is the shock that is reflected by the presence of a unit root in the GNP

L

data. Let us denote the two type of shocks by [a“ em] . The exact source of the two

types of shocks are not important; all that is needed is that the two types of shocks have
distinct effects in terms of how long they can affect the variables. Each of the two shocks
may individually be a composite of more than one shock, but the dynamic effects of the
individual component of ¢ (j =T, p) are similar’. Each shock is permitted to be serially

correlated. However, they are uncorrelated at all leads and lags.
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Under usual regularity conditions, both components of z, can always be uniquely
represented as an invertible distributed lag of serially uncorrelated disturbances. The
vector autoregression (VAR) exists with square summable MA representation if the
vector process z, is stationary, and there is no cointegration between x, and Y,3 . We shall
need the additional technical condition that the innovations in the bivariate Wold
decomposition of the first difference of x, and Y, are linear combinations of the two
underlying disturbances. The joint process followed by x, and Y, may be described as
follows.

The assumptions about the joint process described by z, imply that z, follows a

stationary process given by:

7, = C(0)e, +C(l)e,, +CRJe++ =3 Cli)en- (5.4).

j=0

We assume that Var(g,) = I,, where I in an identity matrix. This is simply a
convenient normalization assumption. Let us refer to the process described above for z, as
the working model. Our goal is to identify the above working model from actual data. The
assumption that ey has no long-run effect on Y, imposes a restriction on the coefficients
of the sequence of C(t-j) matrices. This restriction may be written as :

C,y[L=1]=0.
This long-run restriction will be used to identify the working model. The restriction that
C,[L=1] = 0 implies that not only is AY, unaffected by £ but also that & has no long-run

effect on the level of Y, itself’.
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Since z is stationary, it has a Wold moving average representation given by:
2, =0, + A(Do, + A+ = Y AGY,j, (55)
j=0

where A(0) =1,, and Var(v,) = Z, where X is a 2x2 matrix.

The moving average representation (5.5) is unique and can be obtained by first
estimating and then inverting the vector autoregressive (VAR) representation of z,. From
the two representations of z, above, we see that v,, the vector of innovations, ¢, and the
vector of original disturbances, are related as follows:

v, = C(0)e,, and C(j)e,_; = A(j)v,;.

Substituting for v, = C(0)g, in the right hand side of the second of the two relations
above, we may write:

C() = A())C(0). (5.6)

So if we can identify C(0) then we can obtain C(j) from our knowledge of A(j) — which
we can obtain by inverting the VAR representation of z,. Also, knowledge of C(0) allows
us to obtain the original disturbance vector g, as C"(O)-u,. Once we identify C(0), C(j) and
€,, We can obtain our transitory and permanent decomposition of Y, from equation (5.4).

For identification, we use the following restrictions: from long-run effect of £ on
Y, we have the first restriction:

C,[L=1]=0.

This is equivalent to: ZCzl( j)=0.

=0
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However, from equation (5.6) we have C(j) = A(j)C(0). An equivalent way to express the

above restriction is as follows:

i C2l(j) =i A, (j)cl 1 (O) + i) Ay (j)Cn (0) =0. (5.8)

j=0 j=0

Other restrictions come from the variance-covariance relationships. Recalling that
C(0)e, = v, where Var(g) =1, and Var(v) = Z, we have the following restrictions from the
variance-covariance matrix:

CO)C'(0)==Z,

o, G
where T = l: 2]
Cn Op

This gives the following restrictions:

C},(0)+C,(0)=o,,, (5.9
C,,(0)C,,(0)+C,(0)C,,(0) = Gy, (5.10)
C(0)+C3,(0)=0,,. (5.11)

The long-run restriction (equation (5.8)) and the variance-covariance relationships
(equations (5.9) through (5.11)) allow us to identify the C(0) matrix.

The decomposition strategy may be summarized as follows: first we estimate a
vector autoregressive representation of z, as :

z, =B(L)z_, +v,, (5.12)
where B(L) is a matrix polynomial in the lag operator, L.

Then the estimated VAR model (equation (5.12)) is inverted to obtain the bivariate
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moving average (BMAR) representation :

z, = A(L)v,, (5.13)
where A(L) = [1- B(L)L]".

Once the BMAR (equation (5.13)) is obtained, we use our restrictions to identify
and estimate C(0) and then use this matrix to obtain C(j) = A(j) C(0) and g, = C"(O)-ut.
Once we have our working model identified, the permanent and transitory decomposition
is given by equation (5.4). In empirical implementation of this decomposition method,
the bivariate VAR in the first differences of real income and real exchange rate is
estimated with 4 lags. Formally, Sim’s lag-length test is used in an attempt to choose the
shortest acceptable lag for the VAR. Since we are using quarterly data, lag-length tests
are performed on lags that are multiples of four. Specifically, starting with 12 lags in the
VAR, first the joint significance of lags 9 through 12 is tested. If these four lags are found
statistically insignificant then test is performed on the joint significance of lags 5 though
8. For both US and Japanese data, Sim’s test suggests that lags 5 through 12 in the VAR
are jointly insignificant. Accordingly, the decomposition is performed with 4 lags in the
bivariate VAR in AY and AR.

For visual comparison, plots of the transitory components of different data series
obtained under the two decomposition methods are presented in appendix D. There, only
the transitory components are presented. The permanent component in a particular data
series is obtained as the difference between the observed data and the transitory

component in the respective series. Therefore, the plots of the transitory components of a
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series under the two decomposition methods provide sufficient information about the

difference between the two decomposition methods.
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Endnotes

1. The decomposition is performed with the help of the statistical package RATS. Philip
Meguire of North Carolina State University has kindly provided an upgraded version of
the decomposition algorithm written for RATS. In practice, one fits an ARMA(p,q)
model on the first difference of the I(1) variable using Box-Jenkins method. This allows
the choice of appropriate values of p and q that are used in the Beveridge-Nelson
decomposition via this algorithm.

2. See Blanchard and Quah (1989) on this issue.

3. Ifx, and Y, are each difference stationary, and a cointegrating relation exists between
them, (i.e., x, and Y, are CI(1,1)) then a finite order VAR representation in the first
difference between them does not exits. See Campbell (1987), and Lastrapes (1992) on
this issue. In empirical implementation of the Blanchard-Quah method, tests are
performed to examine if there exists any cointegrating relationship between real income
and real exchange rate. The tests show that both for the US and Japan there is no
cointegration between real income and real exchange rate. Huizinga (1987) reaches
similar conclusion on the issue of cointegration between real income and real exchange
rate.

4. We can show this as follows:
AY, = (1 - L)Y, = Cy(L)ey, + Co(L)py.
This gives:

@ k
Yo=(1-L)' CyL)er+(1-L)" Copoien =Y Y Co(iler; + D D Crlike,.;

k
k=0 =0 k=0 0

Here ) C,,(j) is the effect of £, on Y, after infinitely many time periods. Therefore, the
j=0
first term in the equation above represents the effect of €1, on Y, after long enough time

periods. The restriction that Z C,,(j) = 0, therefore, is equivalent to saying that e, has no
j=0
long-run effect on the level of Y,.
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CHAPTER 6. LONG RUN RELATIONSHIP:
COINTEGRATION AND ERROR CORRECTION

Cointegration and Error Correction

In order to introduce the concept of cointegration and its relation to error
correction models, it is useful to revisit the concept of integration in the context of time
series data. A series x, with no deterministic component which has a stationary and
invertible autoregressive moving average (ARMA) representation after differencing d
times, but which is not stationary after differencing (d-1) times, is said to be integrated of
order d, denoted x, ~ I(d). Informally, a series is said to be integrated if it accumulates
some past effects; such a series is non-stationary because its future path depends upon all
such past influences, and is not tied to some mean to which it must eventually return. A
series that is integrated of order d needs to be differenced d times to achieve stationarity.
However, a linear combination of a number of series, each integrated of order d, may
have a lower order of integration than any one of the individual series. In this case, the
variables are said to be cointegrated,

Formally, the concept of cointegration may be defined as follows: let x, denote an
n-dimensional vector such that the components of the x, are integrated of order d. The
elements of x, are said to be cointegrated of order (d - b), denoted x, ~ CI(d, b) if:

(i) x, ~ I(d); and (ii) there exists a non-zero vector o such that oc'xl ~I(d-b),d2b>0.

The vector « is called the cointegrating vector.
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The notion of cointegration allows us to describe the existence of potential
equilibrium or stationary relation between two or more time series, each of which is
individually non-stationary. The concept of equilibrium in economics refers to the idea
that the variables hypothesized to be linked by some theoretical economic relationship
should not diverge from each other in the long-run. Such variables may drift apart in the
short-run, or because of seasonal effects. However, if there exists any equilibrium relation
among them then these variables can not diverge indefinitely and without bounds. In
other words, the divergence from a stable equilibrium state has to be statistically bounded
and , at some point, diminishing over time. In this context, cointegration may be viewed
as a statistical expression of the nature of the relationship among the variables that are
tied together through a long-run equilibrium relationship.

To illustrate, let us consider the case where two series {x,} and {y,} are each
integrated of order 1 and evolve according to the following data generating process':

X, +By,=u, u,=u_+g,, 6.1)

X, +ay, =e, e =pe,_ +g, with|p|<1, (6.2)

’

It is assumed that [€,,,€,,] identically and independently distributed (iid) as bivariate
normal with E(g,,) = E(g,) = 0, var(g,) = o, , var(g,) = 64, , and cov(g,,, £5) = G}5.

Assuming a # 3, the above system may be solved as:
x, = ~p)"u, ~pla=p) e, 63)

y, =—(a—=B) 'y, +(a-p) e, (6.4)
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Since {u,} is a random walk process, and {x,} and {y,} are liner functions of {u,},
it follows that x, ~ I(1), and y, ~ I(1). However x, + ay, = e, ~ I(0). In this example, even
though both {x,} and {y,} are I(1), a linear combination of them has an order of

integration that is lower than that of each {x,} and {y,}. Hence {x,} and {y,} are

cointegrated with a cointegrating vector [1: a]' , and x, + oy, may be interpreted as an
equilibrium relation. In the long-run, the variables {x,} and {y,} move towards the
equilibrium even though this relation need not hold exactly even as t — <.

An important property that characterizes a set of cointegrated variables is that
such a set of variables has, among other representations, an error correction
representation. To see this, let us express equations (6.1) and (6.2) in first difference and
use X, + ay, to obtain:

Ax, +BAy, =€,

Ax, + oAy, =€, —(1-p)x,_, —o(1-p)y,.,-

In matrix notation, the two equations above may be written as:

[: 3][2);] i} [Szx -(1~ p)x:I - a(l- p)Y.-l]'

This gives:

[Ax,] (- B)_'[ (o, ~Bey ) +(1-p)(x, +aty,,) ]

Ay, (e —2n)-(1- p)x. —ol-p)y,.,

Therefore, we may write:



111

o o] ol K]

where

v, | _[o&, —Bey

I:Un] - [ €~ &y ]
This may be re-written as:

Ax, =PBd[x,., + oy, ]+ v, =0[x_ +ay, ]+,

Ay, = =8[x,, + oy, ]+, =0,[x, +ay,_, ]+ 0y,
where & = (a.— )™ (1 - p), which is an error correction representation. From this, one can
see that § is non-zero if and only if p # 1. If p = 1, then both u, and e, are random walk
processes and in that case {x,} and {y,} are not cointegrated. If they are cointegrated then
6 has to be less than unity (in absolute value) and this leads to & # 0 in the error correction
model and the error correction representation becomes valid. Conversely, if an error
correction model exists then the assumption that a # B implies that |p| < 1 and x, + ay, is
a stationary process and hence x, and y, are cointegrated.

The cointegration relation is interpreted as a long-run equilibrium relation while
the error correction term is interpreted as temporary divergence from the long-run
equilibrium. The coefficients 8, and 8, are adjustment coefficients and are interpreted as
the speeds at which the variables x, and y, adjust toward the long-run equilibrium path in
response to last period’s deviation from such equilibrium. It is noteworthy that 6, and 6,

have opposite signs implying different directions of movements in x, and y, in response
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to deviations from long-run equilibrium path.
Testing for Cointegration

Since the publication of Engle and Granger (1987), numerous methods have been
developed that attempt to test for cointegration among a set of integrated variables’.
Commonly used testing procedures fall into one of the following two categories: those
based on static regression, and those that are based on the cointegrating rank.

Single Equation Method: The Engle-Granger Procedure

Tests of cointegration based on static regression focus on distinguishing between
no cointegration, and at least one cointegration vector. Such tests do not allow estimation
of more than one cointegrating vector. The test suggested by Engle and Granger (1987)
falls within this category. They suggest a two-step procedure and can be implemented as
described below.

All variables that are potentially cointegrated are tested first for the order of
integration. Once it is found that all of the integrated variables have the same order of
integration, one of the variables is regressed on the remaining variables. The choice of the
regressand is arbitrary as long as its coefficient in the cointegrating vector is non-zero.
Thus, if the n-dimensional vector y, has all components that are integrated of the same
order, for example I(1), then the first step is to estimate the following regression using
ordinary least squares (OLS) estimator:

V. =0y, +€,,

where
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_| Y Y2
"Flix1 (a-1)x1|

If the variables in y, are cointegrated then there must exist at least one (n-1)x1 vector 6
such that €, =y, — é’yz, is stationary (I(0)). This idea forms the basis of the tests for
cointegration using static regression framework.

Thus, testing for cointegration amounts to testing for stationarity of the estimated

residual: §, =y, —8'y,,. The commonly used tests for unit roots such as the Augmented
Dickey-Fuller (ADF) test (Dickey and Fuller 1979), or the Phillips-Perron test (Phillips
and Perron 1988) can be applied in the univariate case. The null hypothesis that is tested

is that of no cointegration against the alternative of at least one cointegrating vector.

However, the critical values of these test can not be used because of the facts that 8 is
estimated using sample data, as well as due to the multivariate nature / dimension of the
vector y,,. Appropriate critical values for the Augmented Dickey-Fuller t-test and
Phillips-Perron z(w) and 2(t,) tests are tabulated in Engle and Yoo (1987) and Phillips and
Ouliaris (1990), for y,, with dimensions ranging between 1 and 5. MacKinnon (1990)
provides results for an extensive set of simulations.

Stock (1987) shows that OLS estimate of the vector 0 is super consistent in the
sense that as sample size increases 6 converges to true 0 at a rate that is faster than

standard OLS estimator for stationary variables. However, the static regression-based

OLS estimator of the cointegrating vector suffers from sizable finite sample bias. Monte
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Carlo experiments suggest that a large number of observations (relative to typical sample
sizes available for real world economic data) may be needed before the biases become
small. These biases are strongly correlated with (1 - Rz), where R? is the coefficient of
determination. This suggests that cointegrating regression with values of R well below
unity should be viewed with great caution’.

However, in the context of multivariate regression, a high value of R? is not
sufficient to guarantee that biases are small. This is because the R?of an equation can not
fall when additional variables are added to it. Thus, the inference that high values of R?
imply low biases, especially where a high R? may have been achieved by an ad hoc
addition of regressors, is not valid®. Another weakness of this class of tests is that the test
statistics do not have well defined limiting distributions, and testing for cointegration is
not a straight forward procedure (Hall 1989). For instance, testing for unit roots in the
individual variables is a prerequisite for the cointegration test, yet the critical values are
not adjusted accordingly and there is no theory that allows any such adjustment
(Campbell and Perron, 1991).

The problem of finite sample bias of static OLS estimates of the cointegrating
vector may partially be overcome through dynamic specification of the regression
equation. Cointegration tests based on proper dynamic specification of the regression
equation have higher power compared with their static counterparts. However, the choice
of an appropriate dynamic structure (lag structure) is critical in this context. An

underspecified regression equation may yield results that are inferior to those obtained



115

from a static equation framework.

Further, the superior properties of the estimates and tests from dynamic models
depend critically on the validity of the assumption that the regressors are at least weakly
exogenous. Perhaps the most important weakness of this class of testing and estimation
procedure is that they can not address the issue of multiple cointegrating relations among
the variables in question. Specifically, when there are multiple cointegrating vectors, the
Engle-Granger procedure yields inconsistent parameter estimates.

While the estimation and testing based on a single equation model are convenient
and often efficient, for some purposes only a systems approach is desirable. Violation of
weak exogeneity assumption for the regressors, and the presence of multiple
cointegrating relations among the variables are specific cases where the systems approach
is distinctly superior to the single equation model. The systems methods are based on the
cointegrating rank of the system of variables. Within this class of methods the maximum
likelihood procedure by Johansen (1988) is the most commonly used method in the
literature.

Systems Method: The Johansen Procedure

Johansen’s maximum likelihood procedure (Johansen 1988) can be illustrated as
follows’: let us assume that ¥, is an n-dimensional vector whose elements are integrated
of order 1 (y, ~ I(1)). Let us consider the following autoregressive representation of y,:

y,=p+Iy, , +ILy +-+ILy, +€, t=1,2,---, T, (6.5)

where g, is an n-dimensional vector of independently and identically distributed (iid)
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normal variates with mean zero and covariance matrix Q. Equation (6.5) may be

reparameterized to obtain:

k-1
Ay, =p+ Y LAy, +IIy,, +€,, (6.6)

i=]

where
k
[i=-(0-1I, -TL,- ... -T1),(i=1,2, ...,k-1),and [T = ~(1~Zni}
i=1

Now the issue of potential cointegration may be investigated by comparing both
sides of equation (6.6). Since y, ~ I(1), Ay, ~ I(0), and so are Ay,; . That gives the left
hand side of equation (6.6) stationary. Since Ay,; are all stationary, the right hand side of
equation (6.6) will be stationary if I'ly, is also stationary. Stationarity of [Ty, requires
that IT has less than full column rank. Johansen’s test for cointegration centers around
testing whether IT has less than full rank. Depending on the rank of I'l, three distinct cases
can be identified:

1. rank(IT) = n (full rank) which implies that all elements of y, are stationary.

2. rank(IT) = 0 (IT is a null matrix) implying that there is no linear combination

of y, which is stationary.

3. rank(IT) =r, 0 <r <n, in which case I may be written as the product of (nxr)

matrices o and B such that IT=af.

In the first case, the issue of cointegration is not relevant since all elements of y,

are stationary. In case 2 clearly there is no linear combination of y, that is stationary
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implying that the elements of y, are not cointegrated. It is only in case 3 that all or some
variables in y, are cointegrated. This can be seen by observing that for Iy, to be
stationary By, must be stationary. Therefore the r linearly independent columns of B
provide r cointegrating vectors. However, the partition I1= aB' is not unique as, for any
non-singular matrix G, Il = (aG)(G"B') is also a valid partition. This implies that data
can provide information only about the space spanned by o and B. In practice, one can
normalize each column provided it is known a priori that this particular element of the
column of B (with respect to which the normalization is to be done) is non-zero.
Testing for cointegration, and estimation of o and B, may be carried out as
follows: first Ay, may be regressed on lagged differences Ay, ; to obtain a set of residuals,
Ry Similarly, y,, may be regressed on the same lagged differences Ay, ; to obtain a
second set of residuals, Ry;. Now the log-likelihood function may be written (up to a

factor of proportionality) in terms of these residuals as:
T
In e, B,Q) = -1 Q| - £ 3"[(R,, + af'R,)Q™(R,, +aBR,)](6.7)
1=}
Assuming B fixed, the above log-likelihood function may be maximized with respect to o
and Q by regressing R, on -[3'Rkt to yield:

&(B) = 50 B(B'sB) (6.8)

~

QB) = 500 (~S0s JB(B'5B)” B'Sio0 (6.9)

where
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T
sijz-'-}'-ZRitR;u i,j=0,k.
t=l

Therefore, maximizing the log-likelihood function (6.7) is equivalent to minimizing the

expression

' “lny
,soo - saB(B'sB) B 50kl-
It can be shown that minimizing the above expression is equivalent to minimizing the

following expression with respect to f:

IB'SuB = B'Skos;swﬁl
IB'SuBI .

The maximum likelihood estimator of P is obtained by solving the equation:
Ihsu - skos;so,‘l =0.
and obtaining n estimated eigenvalues (i, > 7:2 S>> in ), and corresponding n

eigenvectors (\7,, VooV, ) The matrix of eigenvectors, V, is normalized such that

V'ska =, and the cointegrating vectors are given by the r statistically significant

eigenvectors. That is:

Once B is estimated, a can be obtained from equation (6.8).
Testing for the existence of potential cointegrating relationships among the
variables in y, involves testing for statistically significant eigenvalues (A,). The

eigenvectors (v;) corresponding to the statistically significant eigenvalues () are the
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coefficients of the variables in the cointegrating relationship. Johansen (1988) suggests
the following two likelihood ratio tests, depending on the null and alternative hypotheses
considered:
Trace Test:
Null hypothesis (H;): There are at most q cointegrating relations (r < q).

Alternative hypothesis (Hy): r=n.

Test statistic: A, =-T i ln(l - ii ) (6.10)

i=q+l
Maximum Eigenvalue Test:
Null hypothesis (Hy): There are at most q cointegrating relations (r < q).

Alternative hypothesis (Hy): r=q+l.

Test statistic A, =-T ln(l - iq”). 6.11)

max

Either of these test statistics does not follow any standard distribution as the
estimated eigenvalues correspond to (n-r) non-stationary common trends rather than
stationary linear combination of the data. Empirical distributions are multivariate versions
of the Dickey-Fuller distribution and are derived in terms of a multivariate Brownian
motion. The empirical distributions of these tests have been calculated and reported in
Johansen and Juselius (1990) for values of (n - r) between 1 to 5°.

Once tests for cointegration have been performed and the cointegrating vector
obtained, one can test for linear restrictions on the cointegrating vectors,  and / or the

adjustment vectors a. Testing procedure involves estimating the likelihood ratio statistic:
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Ay = -TZ': (%), (6.12)

i=l
where r is the number of significant eigenvalues obtained by applying the trace and the
maximum eigenvalue tests defined by equations (6.10) and (6.11), and 7:; and Xi are the
estimated eigenvalues from the unrestricted and restricted (under the null hypothesis
being tested) models respectively. Johansen (1988) shows that the test statistic A g is
asymptotically distributed as xz with rs degrees of freedom, where s is the number of
linear restrictions under the null hypothesis.

Empirical Results

Johansen’s maximum likelihood method is employed to test for the existence of
and estimate potential long-run relationships among current account balance, permanent
components of income and real exchange rate, government consumption (I(1) variables).
Due to data limitations, real income and government consumption variables are defined
in relative form’. Relative income is defined as (natural log of) home country’s income
minus (natural log of) rest of the world income. Relative government consumption is
defined in similar fashion.

This section presents the empirical results of the cointegration analysis. First, the
results for the US vs. rest of the world are presented. Then the results for Japan vs. rest of
the world (vis-a-vis Japan) are presented. For each country, results are presented both for
the Beveridge-Nelson (B-N), and the Blanchard-Quah (B-Q) decomposition cf income

and real exchange rate.
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Since quarterly data is used in the analysis, potentially one should try lag-lengths
in multiples of four. However, as the available number of observations is not very large,
attempt is made to test and estimate cointegrating relations with the minimum acceptable
lag-length in the VAR system. Initially, starting with a lag-length of 8 in the VAR, Sim’s
lag-length test is used to choose a shorter acceptable lag structure in testing and
estimating the cointegrating relationships among the variables. In all cases, lag-length of
4 is found acceptable. After performing the cointegration test and estimating the
cointegrating vectors, the residuals are used to test for normality and iid properties using
the Jarque-Bera (1980) test and the Ljung-Box Q-statistic, respectively. The empirical
results of cointegration tests for US data are presented below. Then similar results for
Japanese data will be presented.

Cointegration Analysis: The United States

Diagnostic Checking of Model Specification

The empirical results discussed are conditional on proper specification of the lag
structure so that the error terms in Johansen’s procedure satisfy the assumptions of
normality and iid. Therefore, it is important to check the residuals of the Johansen model
for normality and iid properties. The test of normality of the residuals is performed with
Jarque-Bera test (J-B test), while the iid assumption is tested by using the Ljung-Box
Q-statistics. In implementing the Johansen (1988) procedure, the following set of

equations is estimated:
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k

Ay, =p+ E LAy, + I‘Iy,_(k“) +®z, +¢€,

where
CAt p'ca 8t‘.al
Y, €
Yt_Rp” s = pysst= Yot and
pr.t Hr Ryt
G1 l'"G th

z, represents the stationary components of income and real exchange rate included in
estimating the equation. Here CA denotes current account balance, Y, denotes relative
permanent income, R, denotes permanent component in real exchange rate, and G
denotes relative government consumption.

The normality and iid properties are tested for the elements of €, vector defined
above. The results of these tests for US data are presented in Table 6.1%. Under the

assumption of normality of the residuals, the Jarque-Bera statistic (t) follows ¥*(2)

distribution. The 95% critical value for %(2) is 5.99. The sample estimates of the J-B test
for the residuals are all less than 5.90. In fact, it can be seen from Table 6.1, except for
the equation representing the current account balance, the estimated values of the test
statistic are very low compared to the 95% critical value of the Jarque-Bera statistic.
Since the sample estimates of the J-B statistic are lower than ] (2) for data from both
decomposition methods and for all equations, the normality assumption is not

contradicted by the residuals. The Q-statistics with lags up to 16 are calculated.
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Table 6.1. Test of Normality and iid for the Residuals: US Data

Results. from Beveridee-Nelson D ..
Test Statistic Residual from Equation
eea.l SY',,.! SR,,J
J-B Test: (1) 5.89 0.59 0.29
Ljung-Box Test: Q(4) 3.98 0.98 0.12
Ljung-Box Test: Q(16) 17.91 23.56 12.88
Results from Blanchard-Quah D ..
J-B Test (1) 2.01 1.42 0.004
Ljung-Box Test: Q(4) 4.02 0.45 0.17
Ljung-Box Test: Q(16) 15.97 19.68 11.63

€G.t

0.49
0.39
11.73

0.22
0.74
13.54

With either method of decomposition, the Q-statistics at all lags up to 16 are insignificant

implying that the iid assumption of the Johansen method is not violated.

Results of Cointegration Test

Now we present the results of cointegration test based on Johansen’s procedure
(1988). The methodology used here follows the procedure outlined and implemented by
Johansen and Juselius (1990). Here the results of conintegration tests for US data are
presented. In what follows, cointegration test results with data from Beveridge-Nelson

(B-N) decomposition method is presented first. Then the results for data from the

Blanchard-Quah (B-Q) decomposition are presented.
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Johansen Procedure with Beveridge-Nelson Decomposition
Results of Johansen’s procedure, using the data from the Beveridge-Nelson
decomposition, are summarized in Tables 6.2 and 6.3. These results are obtained by

estimating the following set of equations;

k

AY! =p+ E r‘iAYI-i + ny(-(k+l) + (DZ( + €, k= 4’
il
where

CAt p'ca ecat

Yprt “‘Y 8Y t . .

Y, = s U= , € =| ™ |,and z is as defined earlier.

Rpr.l “‘R st,,t

G, Kg €G.

It should be mentioned at this point that the trace test is a test of the null hypothesis that
there are at most q cointegrating vectors (r < q) against the general alternative that

r = q+1, where r is the number of cointegrating vectors. But it does not help to pin down
the number of such relations. For that, the maximum eigenvalue test may be used which
tests the null that r < q against the alternative that r = q + 1. Further, the tests are to be
performed sequentially starting with the null that r = 0. The test result at a particular stage
of the sequence is conditional on the results from earlier stages of the test.

It is evident from Table 6.2 that using the trace test (A,,) , and starting with null of
no cointegration (r = 0), we can successively reject the null hypotheses of no

cointegration (r = 0) , against the alternative that there is at least one cointegrating
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Table 6.2. Johansen's Trace Test: US Data and B-N Decomposition

Statisti i Critical Val
Null Alternative Statistic A(0.95) A(0.90)
r=0 r>1 86.70 53.12 49.648
r<1 r22 4498 3491 32.00

<2 rx3 20.52 19.96 17.85
r<3 r=4 3.44 9.24 7.53

Table 6.3. Johansen's Maximum eigenvalue Test: US Data and B-N Decomposition

Statisti | Critical Val
Null Alternative Statistic Amax(0.95) Amax(0.90)
= r=1 41.73 28.14 25.56
r<l r=2 24 .45 22.00 19.77
r<2 r=3 17.08 15.67 13.75
r<3 r=4 3.44 9.24 7.53

vector(r 2 1), r < 1 against the alternative that r > 2, and r < 2 against the general
alternative that r > 3 at 5% significance level. However, the trace test can not reject the
null that r < 3 at 5% or 10% significance level. So, the trace test (A,;) suggests that there
are at most three cointegrating relations among US current account balance, relative

permanent income, permanent component of real exchange rate, and relative government
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consumption. The results of maximum eigenvalue test are reported in Table 6.3. Using
the maximum eigenvalue test (A, ), we can reject the null hypotheses of r = 0 (against
r=1),r<1 (againstr = 2), r < 2 (against r = 3) at 5% significance level. However, we can
not reject the null that r < 3 (against r = 4). Hence, given the result of A,-test and the
Amax-test, we may conclude that there are three cointegrating relations (r = 3) among the
variables in question.

Corresponding to variable ordering [CA, Yy, R, G, constant], the estimated
cointegrating vectors are:

~-1.00 -223 175 -0.78 =207
p'=(-100 =577 013 -0.71 -239
-100 -130 -028 -035 -042

where CA denotes current account balance, Y denotes relative income, R denotes real
exchange rate, G denotes relative government consumption, and subscript pr indicates
permanent component. Thus, normalizing with respect to current account balance the

estimated cointegrating vectors may be written as:

relation 1: CA* =-207-223Y, +175R  ~0.78G
relation 2: CA* =-239-577Y, +013R, - 071G

relation3:  CA™ =—042-130Y,, - 028R , —042G

When there is only one cointegrating vector, the coefficient of a variables is
interpreted as the long-run effect of the variables in question on the variable with respect

to which the normalization is done. However, if there are more than one cointegrating
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vectors, there is no obvious interpretation for the coefficients in the estimated vectors.
Nevertheless, it may be observed that in all three relations both real income and
government consumption have negative effects on current account balance. The sign of
relative permanent income is consistent with many traditional models of current account
determination while the intertemporal model predicts that such permanent income change
should not have any effect on current account balance. The sign of relative government
consumption is generally consistent with most models. In two of the three relations,
permanent increase in relative price in rest of the world leads to improvement in US
current account balance. Our model in Chapter 3 predicted no effect of permanent real
exchange rate change on current account. That prediction is dependent on the
homotheticity of preferences of the agents. In a more general setting, however, the
intertemporal models do not assign any specific sign to this coefficient. Depending on the
parameters of the model, both positive and negative signs can be consistent with this class
of models. The interesting question is whether the effects of permanent changes in
income and real exchange rate are statistically significantly different from zero. That
issue is addressed later in this section.

Corresponding to the cointegrating vectors above, the adjustment vectors are:

&, =[-0075 0013 -0011 0.030]

&, =[-0091 0047 0018 -0.041]

&, =[0348 0025 -0086 0.026]
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As mentioned earlier, the coefficients of an adjustment vector are interpreted as
the speeds of adjustment by the associated variables in response to deviation from the
long-run equilibrium. The estimated adjustment vectors suggest that in the case of US
data it is the current account balance that adjusts most in response to deviations from
equilibrium.

Test of Exclusion Restriction on the Coefficients

From the perspective of the present study, we are interested in testing whether
permanent changes in real income and real exchange rate have significant effects on
current account balance. Intertemporal models of current account determination, as
discussed in chapter 3, suggest that permanent changes in income should leave current
account balance unaffected. On the other hand, permanent movements in real exchange
rate may or may not have significant effects on current account balance. Under the
assumption of homotheticity of the intertemporal utility function, and starting from an
initial condition of balance, a permanent real exchange rate shock leaves the current
account balance unaffected. We may test whether these propositions of the intertemporal
models are supported by actual data. These propositions may be tested by imposing
restrictions on the cointegrating vectors that the coefficients corresponding to relative
permanent income and permanent component of real exchange rate are zero.

Table 6.4 represents the results of such tests of restrictions on the coefficients of
the cointegration vector. Test of the restriction that relative permanent income has no

effect on current account balance gives the test statistic xcz = 18.68. Under the null
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Table 6.4. Test of Restrictions on Cointegration Vectors: US Data

Test Results based on Beveridee-Nelson I i

Null Hypothesis Estimated Test  Distribution of x> 95% Critical Value
Statistic: xcz under H,

Yy, has no effect 18.68 %2(3) 7.82

R, has no effect 20.23 %2(3) 7.82

G has no effect 15.90 %2(3) 7.82

hypothesis, test statistic xcz follows y-distribution with 3 degrees of freedom (since we
have three cointegrating vectors). The tabulated value of %2 ,(3) is 7.82. Since sample
values of the test statistic exceed the tabulated value, the null hypothesis of no effect of
relative permanent income on current account balance is rejected at 5% significance level.

Similarly, tests of the restriction that permanent real exchange rate changes have
no effect on current account balance gives estimated test statistic xcz = 20.23. Under the
null hypothesis, test statistic xcz follows xz-distribution with 3 degrees of freedom. The
tabulated value of % ,(3) is 7.82. So, the null hypothesis of no effect of permanent real
exchange rate on current account balance can be rejected at 5% significance level.

Tests of the restriction that relative government consumption has no effect on
current account yields estimated test statistic xc2 =15.90. This estimated value of xcz
exceeds the tabulated value of %{ ,,(3). Therefore, the null hypothesis can be rejected at

5% significance level .
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Thus, we observe that permanent changes in real exchange rate do have
statistically significant effect on US current account balance. However, these test results
are not necessarily contradictory to the conclusions of the intertemporal models. It is only
under specific assumption about preference pattern (specifically, homotheticity of
preferences) that we are able to predict that permanent real exchange rate changes shall
leave current account balance unaffected. On the other hand, according to our model,
permanent income changes are not expected to affect current account balance. However,
permanent real income changes do have significant effects on US current account
balance. Thus, the empirical evidence is against the conclusion of the intertemporal
models regarding the effects of permanent income changes on current account balance.

Johansen Procedure with Blanchard-Quah Decomposition

The cointegration test results, with permanent and transitory decomposition
obtained by using the Blanchard-Quah method, are summarized in Table 6.5 and 6.6.
Table 6.5 reports the results of the trace test, while Table 6.6 contains the results of the
maximum eigenvalue test. As before, in implementing the Johansen (1988) procedure, the

following model is estimated:

k

Ay, =p+ E LAy, + nyt-(km +®z, +e, k

1l
P

where
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[CA, [T €eay
Y €
y(-Rp”,P'= “’Y981= Y(a
pr.t Hr €,
Gt “’G SG(
and z, is as defined earlier.

Table 6.5. Johansen's Trace test: US data and B-Q Decomposition

Statisti { Critical Val

Null Alternative Statistic A(0.95) A(0.90)
r=0 r=1 86.62 53.12 49.648
r<li r=2 44.69 34.91 32.00
r<2 r=3 19.36 19.96 17.85
r<3 r=4 3.21 9.24 7.53

Table 6.6. Johansen's Maximum eigenvalue test: US data and B-Q Decomposition

Statisti { Critical Val
Null Alternative Statistic Amax(0.95) Amax(0.90)
= r=1 38.93 28.14 25.56

1 r=2 25.33 22.00 19.77
<2 r=3 16.15 15.67 13.75
<3 r=4 3.21 9.24 7.53
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Now, it is evident from Table 6.5 that the trace test (,;) leads to rejection of null
hypotheses of no cointegration (r = 0) against the general alternative r 2 1, and at most
one cointegrating vector (r < 1) against the general alternative r > 2 at 5% significance
level. The null that there are at most 2 cointegrating vectors (r < 2) against the general
alternative that r > 3 can not be rejected at 5% significance level. However, the null can
be rejected at 10% significance level. It is well known by now that the cointegration tests
generally have low power, and for that reason some researchers allows significance level
of 10% when the A, is close to A,(0.95) but is less than the 95% critical value of the
statistics. On the basis of the result at 10% significance level, the trace test (A,;) suggests
that there are at most three cointegrating vectors. The null that r < 3 against the general
alternative that r = 4 can not be rejected at 5% or 10% significance level. Thus, the trace
test (A,) leads to the conclusion that there are at most 2, or possibly 3 cointegrating
vectors.

Results of the maximum eigenvalue test are presented in Table 6.6. We can see
from Table 6.6 that the maximum eigenvalu.e test clearly rejects the null hypotheses that
r = 0 (against the alternative r = 1), r < 1 (against the alternative r = 2), and r < 2 (against
the alternative r = 3) at conventional significance level. However, the null that r < 3
against the alternative r = 4 can not be rejected at 5% significance level. Hence, the
maximum eigenvalue test suggest the presence of 3 cointegrating vectors. Given these
results, we would accept three cointegrating vectors in the data set.

The estimated cointegrating vectors are:
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-100 -062 188 -0.70 -155
B'={-100 -1795 218 -187 -845|,
-100 -221 -017 -043 -084

where the variables are ordered as [CA, Y,,, Ry, G, constant], and as before, Y denotes
relative income, R denotes real exchange rate, G denotes relative government
consumption, and subscript pr indicates permanent component. Normalizing with respect
to current account balance, the estimated cointegrating relations may be written as:

relation 1: CA* =-155-062Y, +188R  -0.70G,

relation 2: CA® =-845-1795Y,, +218R, —187G.

relation 3: CA" =-084-221Y, -017R , - 043G

The estimated cointegration vectors have signs that are similar to those obtained
with data from Beveridge-Nelson decomposition. In all three relations, permanent income
shows negative effect on current account balance. This is more in accord with traditional
models. In two of the three estimated relations, increase in relative price in rest of the
world leads to improvement in US current account balance. Only in one case the reverse
is true In all three relations, current account deteriorates with increase in government
consumption which is similar to the result obtained with Beveridge-Nelson
decomposition.

Results of tests of restrictions that permanent components in (relative) real income
and real exchange rate, and relative government consumption have no effect on the

current account balance of the United States are presented in Table 6.7.
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Table 6.7. Test of Restriction on Cointegration Vectors: US Data

Test Results based on Blanchard-Quah I .

Null Hypothesis Estimated Test  Distribution of xcz 95% Critical Value
Statistic: xcz under H,

Y, has no effect 15.83 %x2(3) 7.82

R, has no effect 21.68 x2(3) 7.82

G has no effect 13.09 x2(3) 7.82

It is evident from Table 6.7 that the test of the restriction that relative permanent
income has no effect on current account balance gives the test statistic xcz = 15.83. Under
the null hypothesis, test statistic xcz follows xz-distribution with 3 degrees of freedom
(since we have three cointegrating vectors under both decomposition methods). The
tabulated value of x2(3) is 7.82. Since sample value of the test statistic exceeds the
tabulated value, the null hypothesis of no effect of relative permanent income on current
account balance is rejected at 5% significance level.

Similarly, test of the restriction that permanent real exchange rate changes have
no effect on current account balance yields an estimated test statistic xcz = 21.68. Under
the null hypothesis, test statistic xcz follows xz-distribution with 3 degrees of freedom.
The tabulated value of ¥ ,(3) is 7.82. Since the sample value of the test statistic exceeds
the tabulated value, the null hypothesis of no effect of changes in permanent real

exchange rate on current account balance can be rejected at 5% significance level.
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Test of the restriction that relative government consumption has no effect on
current account balance yields an estimated test statistic xcz = 13.09. This estimated value
of .2 exceeds the tabulated value of X 05(3) (which is 7.82). Therefore, the null
hypothesis that relative government consumption has no effect on current account
balance can be rejected at 5% significance level for US data.

Comparing these results of the tests of restrictions on the coefficients of the
cointegrating vectors with those using the Beveridge-Nelson decomposition, we observe
that they are qualitatively similar. Under either decomposition method, both permanent
real income and permanent real exchange rate have statistically significant effects on US
current account balance. These results are not supportive of the general predictions of the
intertemporal models.

Cointegration Analysis: Japan
Diagnostic Checking of Model Specification

As has been done in the case of US data, diagnostic checking has been done to
ensure that the lag structure used in the Johansen procedure does not violate the
assumption of iid and normality of the error term. Results of diagnostic tests on the
residuals from the equations for Japan are summarized in Table 6.8. In implementing the

Johansen (1988) procedure, the following set of equations is estimated:

k
Ay, =p+ E LAY +T1Y, gy T2, €,

i=l
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where
Y €
yvo=| ™lun= Hy ,€ =| ™|, and z is stationary part of Y, and R,.
Rpr.l Hr aR,,.l
G| HBg SG.t

Here CA denotes current account balance, Y, denotes relative permanent income, R,
denotes permanent component in real exchange rate, and G denotes relative government
consumption.

It is evident from Table 6.8 that the J-B statistics are insignificant for data from
both methods of decomposition and for all equations. The Ljung-Box Q-statistics

calculated with lags up to 16 are all found to be insignificant at 5% level. Since the

Table 6.8. Test of Normality and iid for Residuals: Japanese Data

Results from B idge-Nelson T .
Test Statistic Residual from Equation

sca.l 8Y‘,,,t SRw.t 80.(
J-B Test: (7) 0.81 1.02 0.014 0.86
Ljung-Box Test: Q(4) 3.77 0.15 1.56 2.33
Ljung-Box Test: Q(16) 11.36 11.48 20.25 9.00

Results from Blanchard-Ouah T ..

J-B Test (1) 0.087 0.030 0.541 1.41
Ljung-Box Test: Q(4) 8.15 0.46 0.04 5.09

Ljung-Box Test: Q(16) 25.71 12.48 19.46 16.71
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estimated values of the statistics are all insignificant at 5% level, we may infer that the
estimated residuals do not contradict the iid assumption. Given these test results (both the
J-B test and the Ljung-Box test), it is reasonable to perform the Johansen procedure with
4 lags in the VAR system.

Results of Cointegration Tests

Johansen’s Procedure: Beveridge-Nelson Decomposition

The results of cointegration tests using the Beveridge-Nelson decomposition of
income and real exchange rate are summarized in Table 6.9 and Table 6.10. The former
contains the results of the trace test (A,), while the latter reports the results of the
maximum eigenvalue test (A,,). It is evident from Table 6.9 that, based on the trace test
(Ay), it is possible to reject the null hypotheses that r =0 (againstr 2 1), r < 1 (against
r 22), and r £ 2 (against r > 3) at 5% significance level. However, it is not possible to
reject the null hypothesis of r < 3 against the general alternative that r = 4. Thus the

A, ~test suggests that there are at most 3 cointegrating vectors.

Table 6.9. Johansen's Trace Test: Japan and B-N Decomposition

Statisti i Critical Val

Null Alternative Statistic A(0.95) A(0.90)
r=0 r1 70.29 53.12 49.65
r<l rx2 40.28 3491 32.00
r<2 r>3 20.70 19.96 17.85

r<3 r=4 5.28 9.24 7.53
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Table 6.10. Johansen's Maximum eigenvalue Test: Japan and B-N Decomposition

Statisti | Critical Val
Null Alternative Statistic Amax(0.95) Amax(0.90)
=0 r=1 30.01 28.14 25.56
r<l r=2 19.58 22.00 19.77
r<2 r=3 15.43 15.67 13.75
r<3 r=4 5.28 9.24 7.53

Table 6.10 shows that on the basis of the maximum eigenvalue test (A,,) it is
possible to reject the null of no cointegration (r = 0) against the alternative that there is
one cointegrating vector (r = 1). However, we can not reject the null that r < 1 against the
alternative that r = 2 at 5% significance level. Therefore, the A, -test leads to the
conclusion that there is only one cointegrating relation between Japanese current account
balance, relative permanent income, permanent component of real exchange rate, and
relative government consumption.

The estimated cointegrating vector is given by:

B'=[-10 058 075 014 066]
where the variables are ordered as [CA, Y, R, G, constant], and Y denotes relative
income, R denotes real exchange rate, G denotes relative government consumption, and
the subscript pr indicates permanent component (as has been defined before).

Thus, the estimated long-run relation may be written as:
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CA’ =0.66+058Y, +0.75R , + 014G

It may be observed that unlike the US data, the sign of permanent real income is
not in accord with traditional models of current accouant determination, as is the sign of
relative government consumption. The long-run effect of increases in world relative price
on current account balance of Japan is positive which is in accord with traditional theory
and does not contradict the intertemporal models.

Corresponding to the estimated cointegrating vector above, the estimated
adjustment vector is:

6 =[-0018 0003 -0159 0126]

The adjustment vector suggests that relative price adjusts most in response to deviations
from long-run equilibrium, while relative income makes the least adjustment.

Results of tests of exclusion restrictions on the variables are presented in Table

6.11 below.

Table 6.11. Test of Restrictions on Cointegrating Vector: Japanese Data

Test Results based on Beveridee-Nelson [ .

Null Hypothesis Estimated Test  Distribution of xcz 95% Critical Value
Statistic: .2 under H,

Y, has no effect 2.23 x2(1) 3.84

R, has no effect 6.97 %2(1) 3.84

G has no effect 0.82 x2(1) 3.84

Y, and G have no effect 2.51 x2(2) 5.99
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Test of the restriction that permanent changes in income have no effect on current
account balance gives an estimated value of test statistic x> = 2.23. Under the null
hypothesis, this test statistic follows y2 distribution with 1 degree of freedom (since there
is only one cointegrating vector). The tabulated value of 3 ,(1) is 3.84. Hence, the null
hypothesis can not be rejected at 5% significance level. Test of similar restriction on
permanent real exchange rate gives an estimated %> = 6.97. Under the null hypothesis of
no effect of permanent real exchange rate changes on current account balance, the test
statistics follows %2(1). Since the sample estimate of the test statistic exceed the 95%
tabulated value, the null that permanent real exchange rate has no effect on current
account is rejected at 5% significance level.

Test of the restriction that relative government consumption has no effect on
current account gives x: = 0.82.This sample estimate is lower than x{ (1), implying that
the null can not be rejected at 5% significance level. Test of the null that both relative
permanent income and relative government consumption have no effect on current
account balance gives a test statistic x> = 2.5 . Under the null, this test statistic is
distributed as %2 distribution with 2 degrees of freedom. The tabulated value of x;.(2) is
5.99. Since the sample estimate of the test statistic is lower than the 95% tabulated value,
the null can not be rejected at 5% significance level. The test result regarding the effect of
permanent income on current account balance is supportive of the predictions of the

intertemporal models of current account determination.
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Finally, with B-N decomposition, the restricted cointegrating vector is:

B'=[-100 127 -131]
with variable ordering as follows: [CA, R,,, constant], where notations are as before. In
other words, the long-run relationship may be written as:

CA'=-131+127R,,.

Thus, in the long-run, permanent increase (i.e., increase in world relative price) in real
exchange rate improves the current account balance of Japan.
Johansen Procedure: Blanchard-Quah Decomposition

Johansen’s cointegration test results, using data from the Blanchard-Quah
decomposition method, are presented in Table 6.12 and 6.13. It is evident from Table
6.12 that trace test (1,,) allows us to reject at 5% significance level the null hypotheses of
r=0 (againstr > 1),r < 1 (against r > 2), and r < 2 (against r 2 3). However, the null that
I < 3 against r = 4 can not be rejected at 5% or 10% significance level. Thus, the A,,-test
suggest that there are at most three cointegrating relations.

Table 6.13 shows the results of the maximum eigenvalue test. It is clear from the
table that, based on the maximum eigenvalue test (A,,,), we can reject the null that r =0
against the alternative that r = 1 at 5% significance level. However, we can not reject the
null hypothesis that r < 1 against the alternative that r = 2 at 5% or 10% significance
level. This, along with the A,-test leads us to conclude that there is only one cointegrating

relation among the variables in question.
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Table 6.12. Johansen's Trace Test: Japan and B-Q Decomposition

Statisti i Critical Val
Null Alternative Statistic A(0.95) A(0.90)
r=0 r1 71.31 53.12 49.65
<1 r=2 38.85 34.91 32.00
r<2 r23 20.79 19.96 17.85
r<3 r=4 4.55 9.24 7.53

Table 6.13. Johansen's Maximum Eigenvalue Test: Japan and B-Q Decomposition

Statistics and Critical Val
Null Alternative Statistic Am(0.95)  Apa(0.90)
= r=1 32.46 28.14 25.56
<1 r=2 18.06 22.00 19.77
<2 r=3 16.24 15.67 13.75
<3 r=4 4.55 9.24 7.53

The estimated cointegrating vector is:
p'=[-10 541 -1172 -169 1881]

with the variables ordered as [CA, Y,,, R,,, G, constant], where the notations are as

before. Thus, the estimated long-run relation may be written as:

CA’ =1881+541Y, —~1172R,, —169G
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Corresponding to the estimated cointegrating vector above, the estimated adjustment
vector is:

6 =[0022 -00006 0.0012 -0.0059]

The adjustment vector suggests that the current account balance adjusts most in
response to deviations from long-run equilibrium, while other variables make very little
adjustment.

Results of tests of exclusion restrictions on the variables are presented in
Table 6.14 below. Test of the restriction that permanent changes in relative income has no
effect on current account balance gives an estimated value of test statistic %2 = 1.50.
Under the null hypothesis, this test statistic follows %2 distribution with 1 degree of
freedom (since there is only one cointegrating vector). The tabulated value of x2 (1) is

3.84. Hence the null hypothesis can not be rejected at conventional significance level.

Table 6.14. Test of Restrictions on Cointegrating Vector: Japanese Data

Test Results based on Blanchard-Ouah T -

Null Hypothesis Estimated Test  Distribution of x> 95% Critical Value
Statistic: xcz under H,

Y, has no effect 1.50 x2(1) 3.84

R, has no effect 13.29 x2(1) 3.84

G has no effect 0.77 x2(1) 3.84

Both Y, and G have 3.06 12(2) 5.99

no effect
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Test of similar restriction on permanent real exchange rate gives an estimated
%2 =1329. Under the null hypothesis of no effect of permanent real exchange rate
changes on current account, the test statistics follows x2(1). Since the sample estimate of
the test statistic is greater than the tabulated value, the null hypothesis is rejected at 5%
significance level. Restriction that relative government consumption has no effect on
current account gives . = 0.77. This estimate is lower than ¥ (1), implying that the
null can not be rejected at 5% significance level. Test of the null that both relative
permanent income and relative government consumption have no effect on current
account balance gives a test statistic 2 = 3.07. Under the null, this test statistic is
distributed as ¥2 distribution with 2 degrees of freedom. The tabulated value of % (2) is
5.99. Since the sample estimate of the test statistic is lower than the 95% tabulated value,
the null can not be rejected at 5% significance level. Thus the test result regarding the
effect of permanent income on current account balance is supportive of the predictions of
the intertemporal models of current account determination.

The estimated restricted cointegrating vector using the B-Q decomposition data is:

B'=[-100 346 -374].
Therefore, the restricted long-run relationship may be written as:

JCA =-374+346R
As in the case with data from Beveridge-Nelson decomposition, a permanent increase in

world relative price improves the current account balance of Japan.
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It is evident from the discussion above that the empirical results are not
conclusive. For US data, movements in the permanent component of real income have
statistically significant effect on US current account balance. The directions of such
effects are more in accord with the predictions of the traditional models. However, for
Japanese data, we find that permanent income changes have effects on Japanese current
account balance that are not statistically different from zero. Permanent movements in
real exchange rate have statistically significant effect in both US and Japanese data.
However, this result in itself neither supports nor contradicts the predictions of the
intertemporal models of current account determination. It is worth noting that these
results relate to long-run relationship among current account balance, income, real
exchange rate, and government consumption. However, the observed long-run
relationships, as revealed by the cointegration analysis, may be consistent with many
different short-run dynamic adjustments among the variables. Such short-run dynamics

among the variables of the model is the focus of our discussion in the next chapter.



146

Endnotes

1. This example is borrowed from Banerjee, Dolado, Galbraith and Hendry (1993).

2. Detailed discussion of the various methods of testing for cointegration can be found in
Campbell and Perron (1991).

3. See Banerjee, Hendry and Smith (1986), and Hendry and Neale (1987) for details.

4. See Banerjee, Dolado, Galbraith and Hendry (1993) for detailed discussion on this
issue.

5. For discussion of the issues involved in this method see Johansen and Juselius (1990).

6. See Osterwald-Lenum (1992) for more extensive estimates of the test statistics under
various model specification.

7. This strategy of using relative income and relative government consumption imposes
the restriction that the coefficients of the home country and rest of the world (for both
income and government consumption) are equal in magnitude but opposite in sign — an
empirically testable assumption. It is used only because of data limitation.

8. The Ljung-Box Q-test was performed with up to 16 lags. The conclusions from the
test are the same for all lags. Therefore, in the text, results are presented for lags 4 (Q(4))
and 16 (Q(16)).
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CHAPTER 7. SHORT RUN DYNAMICS: IMPULSE RESPONSE
AND INNOVATION ACCOUNTING

Error Correction

The results pertaining to relationships among current account balance, permanent
components in income and real exchange rate, and government consumption reported in
chapter 6 are in essence long-run relationships. As we have discussed earlier, these are
equilibrium relations that tie the variables of the system together so that the deviations
from such relations do not grow indefinitely. Existence of an equilibrium relation does
not imply that the relation should hold exactly at any particular point in time. Rather, the
system may deviate from the equilibrium path most of the time. However, the variables
of the system should adjust in response to deviations from the equilibrium path (which
holds only as a long-run relation). A long-run relationship is compatible with many short-
run adjustment processes. This chapter discusses the short-run dynamics of the system
where transitory and permanent components of income and real exchange rate are
considered explicitly. The methodology used to investigate the short-run dynamics is the
conventional innovation accounting and impulse response functions.

In estimating the impulse response functions and in obtaining the variance
decomposition, the cointegrating relationships among the I(1) components of the
variables are explicitly taken into account. The entire system of equations is estimated

with restriction imposed on the cointegrating vectors, where the imposed restrictions are
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those that could not be rejected (those restrictions are discussed in chapter 6). The VAR

system estimated is as follows:

Z =p+A(L)Z,, +6B'0,, +¢,

where Z, = [ACAt AY,, Y, R, AG,] , A(L) is a 6x6 matrix of k" order

tr.t

AR

pr.t

polynomial in the lag operator L, fi' is the estimated cointegrating vector, a is the
corresponding estimated adjustment vectors, and U is the estimated vector of
cointegrating residuals. However, instead of a full VAR with error correction, a
near-VAR system with error correction is estimated. The only difference between the
system estimated here and a full VAR with error correction is that in the estimated system
relative government consumption is assumed to be an exogenous variable, i.e., relative
government consumption affects, but is not affected by, other variables in the system.
Therefore, other variables of the system do not enter in the equation for relative
government consumption. The above system of near-VAR is estimated and then used to
investigate the short-run dynamic behavior of the variables.

Since the coefficients of the variables in a VAR system do not have any
meaningful interpretation, they are not reported here. The only coefficients worthy of
mention are those of the cointegrating residuals. So, instead of all the coefficients, those
of the error correction terms in various equations are presented. It may be recalled that the
coefficient of an error correction term may be interpreted as speed of adjustment by the

respective dependent variable in response to deviations from long-run equilibrium.
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Adjustment to Long-run Equilibrium: The United States

The estimated coefficients of the error correction terms from the Johansen
procedure (reported in chapter 6) for US data are presented in Table 7.1. In the table the
variables el, €2, and e3 are the three cointegrating residuals corresponding to the three
cointegration vectors reported in the previous chapter. Under either decomposition
method, the coefficient of current account balance is significant in two of the three cases.

When data from the Beveridge-Nelson decomposition is used, the coefficient of the error

Table 7.1. Coefficients of Error Correction Terms: US Data

B-Nd . B-Od ...
Equation el e2 e3 el e2 e3
ACA -0.0975 -0.0230 0.59 -0.0435 -0.0788 0.5967

(-3.07)  (-0.34) (4.05)  (-1.56)  (-1.93) (2.99)

AY,, 0.0109  0.0351 0.0298  0.0049 0.0163  0.0284
(1.69)  (2.49) (1.02)  (0.70)  (1.63) (0.60)
Y, 0.0046 00106  0.0080 -0.0003 0.0013  -0.0025
(145)  (1.57) (0.58) (-0.624) (1.84)  (-0.72)
AR, -0.0369  0.0456  0.0209  -0.0383  0.0507  -0.2812
(-2.18) (127 (028)  (-1.88)  (1.73)  (-2.00)
R, -0.0117  0.014  0.0085  0.0025 0.0010 -0.0242

(224) (127 037  (0.71) (2200  (-1.01)

Notes: (i). Figures in parentheses denote t-ratios of the estimated coefficients
(ii). el, €2, and €3 are the residuals from the three cointegrating relations found

in US data.
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correction term corresponding the permanent income is significant in only one relation,
while with data from the Blanchard-Quah decomposition all of these coefficients are
insignificant. All coefficients of error correction terms corresponding to transitory income
are statistically insignificant implying negligible adjustment by transitory income in
response to deviations from long-run equilibrium. Permanent component of real exchange
rate has one significant adjustment coefficient under each decomposition. The same is
true about the transitory component in real exchange rate. Thus, under both
decomposition methods, the current account adjusts in most cases at a faster rate while
income seems to respond the least in response to deviations from long-run equilibrium.
Adjustment to Long-run Equilibrium: Japan

The coefficients of the error correction terms in the estimated VAR for Japan are
presented in Table 7.2. We can observe from the table that with B-N decomposition, the
coefficients of transitory components in income and real exchange rate are statistically
significant at 5% level. The speed of adjustment in response to deviations from long-run
equilibrium is higher for transitory real exchange rate than any other variable. The
adjustment speed for current account balance is significant at 10% level. On the other
hand, permanent components in income and real exchange rate have statistically
insignificant speeds of adjustments. With B-Q decomposition, we observe that only
current account balance has statistically significant coefficient implying significant speed

of adjustment. All other variables have coefficients that are not statistically insignificant.
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Table 7.2. Coefficients of Error Correction Term: Japanese Data

Equation B-N decomposition B-Q decomposition

ACA -0.1127 -0.0615
(-1.86) (-2.89)

AYpr -0.0118 0.0025
(-0.96) (0.44)

Ytr 0.0146 0.0009
(2.02) (0.80)

ARpr 0.0235 0.0127
(0.36) (0.61)

Rtr -0.1239 0.0010
(-2.42) (0.25)

Note: Figures in parentheses denote t-ratios.

Impulse Response Function

Impulse response functions show the dynamic responses of the variables in the
VAR system to various shocks. Essentially, these functions are obtained via the vector
moving average representation (VMA) of the estimated VAR system. This is an
alternative representation of the VAR system where the variables of the system are
expressed in terms of current and past values of the shocks to different variables.
Consequently, as discussed by Sims (1980), the VMA representation allows us to trace
out the time paths of the effects of various shocks on the variables in the system. Using
this feature of the VMA representation, we can investigate the responses of different
variables to a shock to one particular variable. The responses of different variables to an

initial shock to a variable are called the impulse response functions.
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The practical problem involved in obtaining the impulse response functions is the
fact that the coefficients of the VMA representation are not known and can not be
estimated directly. They are obtained by estimating and then inverting the VAR system.
Since an estimated VAR is under-identified, the VMA representation can be obtained
only by imposing some additional structure on the system. There is more than one way of
imposing such structure. The Choleski decomposition method has been used in this study
to obtain the impulse response functions and variance decompositions (innovation
accounting). Two different orderings of the variables are used in the analysis. They are:

1. Ordering 1: Government consumption — permanent income — transitory
income — permanent real exchange rate — transitory real exchange rate —»
current account balance.

2. Ordering 2: Government consumption — transitory income — permanent
income — transitory real exchange — permanent real exchange rate —
current account balance.

The two orderings above are variations of the ordering: government consumption

— income —> real exchange rate — current account balance. Such an ordering is in the
tradition of the open economy macroeconomics literature. Since our interest in this study
is in the current account balance, only impulse responses of current account balance are
presented. Instead of presenting the responses of the first difference, the impulse response

functions are plotted in terms of the level of the current account balance.
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Impulse Response of Current Account Balance: The United States

Response to Income Shocks: B-N Decompesition

Responses of US current account balance to transitory and permanent income
shocks, where the decomposition is obtained by the Beveridge-Nelson method, are
presented in Figures 7.1 and 7.2. Figure 7.1 reflects variable ordering 1, while Figure 7.2
reflects variable ordering 2. Under ordering 1, the instantaneous response of US current
account to a transitory income increase is to jump to a surplus. This surplus reaches a
peak after 4 quarters. From that point onward, no systematic pattern can be identified
although current account remains in surplus. The instantaneous effect of a permanent
income increase is a deterioration in the current account that worsens during the second
quarter. Then it improves over the next three quarters, although it remains in deficit
during the 12 quarters over which the impulse response functions are obtained. The
magnitudes of the responses to the two types of income shocks are not very different.
When variable ordering 2 is used, a transitory income shock leads to a current account
surplus instantaneously which declines steaiiily over the next three quarters. After that,
we do not observe any systematic behavior in the response current account even though it
remains in surplus. On the other hand, the response of the current account balance to a
permanent income shock under ordering 2 is similar to that under ordering 1. Such an
income shock leads to current account deficit instantaneously that worsens in the next
quarter before improving over the next three quarters. After that, fluctuations in current

account balance show irregular pattern while remaining in deficit.
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The magnitudes of the responses of current account to the two types of income
shocks are very similar to those under variable ordering 1. On the one hand, we see that
under both orderings a transitory income shock leads to a current account surplus which
is consistent with the intertemporal models. However, one feature of the impulse response
functions is that transitory and permanent income shocks affect the current account
balance in the opposite direction: the former leads to a surplus while the latter leads to a
deficit in the current account.

Response to Income Shocks: B-Q Decomposition

Responses of US current account balance to the two types of income shocks,
where the decomposition of income is obtained by using the Blanchard-Quah method, are
plotted in Figure 7.3 under variable ordering 1, and in Figure 7.4 under variable ordering
2. In these two diagrams, we can observe that the two orderings generate very similar
responses of the current account balance to the two types of income shocks. Under both
variable orderings, the instantaneous response of the current account balance to a
transitory income increase is to jump to surplus that improves over the next 4 quarters.
From that point onward, current account balance fluctuates randomly while it continues
to remain in surplus. On the other hand, the instantaneous response of current account to
a permanent income shock is for the former to move to deficit that worsens in the next
quarter. From quarter three, the deficit starts improving which continues for the next three
quarters. From that point onward, no systematic pattern can be detected. The magnitudes

of the responses to the two types of income shocks reflect a relatively stronger effect of
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transitory income than permanent income on US current account balance. Thus, with data
from the Blanchard-Quah decomposition, we see some support (though weak) for the
intertemporal models (of current account determination) in the response of US current
account balance to the two types of income shocks.

Response to Real Exchange Rate Shock: B-N Decomposition

The responses of US current account balance to transitory and permanent real
exchange rate shocks using B-N decomposition are plotted in Figures 7.5 and 7.6, using
variable orderings 1 and 2, respectively. It is evident from Figure 7.5 that under variable
ordering 1 a transitory real exchange rate shock (deterioration) leads to instantaneous
surplus in the current account balance which improves over the next 4 quarters. Then the
surplus starts shrinking. Similarly, the instantaneous effect of a permanent real exchange
rate shock on the current account positive. However, after the first period, the surplus in
the current account falls. By period 4, the current account balance goes to deficit. From
that point onward, the current account balance fluctuates without showing any systematic
pattern.

From Figure 7.6 we observe that if variable ordering 2 is used, a transitory
deterioration in US real exchange rate leads to surplus in the current account that grows
moderately during the first three quarters. The surplus then shrinks over the next three
quarters. From quarter six, it starts fluctuating without showing any systematic pattern.
The instantaneous effect of a permanent real exchange rate shock (increase in world

relative price) is to generate a current account deficit that moves back to surplus in the
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very next quarter. The general pattern of this response function does not suggest a
systematic effect of a permanent real exchange rate shock on US current account balance.
Further, we can observe that the magnitudes of the effects of a transitory shocks are larger
than those of a permanent shock to real exchange rate.

Response to Real Exchange Rate Shock: B-Q Decomposition

Responses of US current account to transitory and permanent real exchange rate
shocks, where the decomposition is obtained by B-Q method, are presented in Figures 7.7
and 7.8, using variable orderings 1 and 2, respectively. Figure 7.7 uses variable ordering
1, and shows that a transitory real exchange rate deterioration leads to current account
deficit instantaneously that worsens over the next 6 quarters before it flattens out. A
permanent real exchange rate shock (increase in world relative price) leads to an
instantaneous improvement in the current account that declines over the next three
quarters. In general, current account movements do not show any systematic response.

When variable ordering 2 is used in obtaining the impulse response functions, the
response of current account to a transitory real exchange rate shock is very similar to that
under ordering 1: transitory increase in world relative price leads to a current account
deficit while a permanent increase in world relative price leads to current account surplus.
The initial surplus in current account grows over the next four quarters. After that the
movements in the current account balance do not reveal any systematic pattern although

it continues to remain in the surplus.Response to Own and Government
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Consumption Shock

Responses of US current account balance to its own shock and shocks in
government consumption are plotted in Figures 7.9 and 7.10, the former using the B-N
decomposition and the latter using the B-Q decomposition. It appears from these two
diagrams that government consumption shock has some positive effect on current account
over first few quarters if data from the B-N decomposition are used. If data from the B-Q
decomposition are used, such a shock has negative effect on current account balance.
Effects of own shock to current account balance does not show any systematic pattern

under either method of decomposition.
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Impulse Response of Current Account Balance: Japan

Response to Income Shock: B-N Decomposition

Responses of Japanese current account balance to transitory and permanent
income shocks with data from the B-N decomposition are shown in Figure 7.11 and 7.12.
The former is obtained under variable orderings 1, while the latter uses the variable
ordering 2. In Figure 7.11 we observe that a transitory income increase generates a
current account surplus that grows over the first few quarters. From quarter 6 onwards the
growth in the surplus comes to an end and current account remains stable over the

remaining periods for which the impulse response functions are obtained. A permanent
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income increase, on the other hand, does not seem to have a strong effect on current
account balance. After generating a surplus instantaneously, it goes to deficit in the
second quarter. The deficit tends to shrink as time passes. Looking at Figure 7.12 we
observe that the response of current account to a transitory income shock under variable
ordering 2 is very similar to that under variable ordering 1. A permanent income shock
initially generates a small surplus in the current account balance. In the next quarter, the
surplus disappears and current account moves to deficit. In the third quarter, the deficit
shrinks. Thus, the movements in current account balance does not suggest any systematic
pattern. The magnitudes of the responses to transitory and permanent income shocks
suggest a stronger effect of the former than the latter on Japanese current account balance.
Thus the responses of current account to the two types of income shocks are insensitive to
variable orderings, and are broadly supportive of the predictions of the intertemporal
models of current account determination.

Response to Income Shock: B-Q Decomposition

Impulse response (to transitory and permanent income shocks) functions using
data from the B-Q decomposition are presented in Figures 7.13 and 7.14, under variable
orderings 1 and 2, respectively. From these two figures, we can observe that when data
from the B-Q decomposition are used, under either variable ordering, a transitory income
shock initially leads to current account surplus that remains steady for three quarters.
Then the surplus starts disappearing and the current account goes to deficit. A permanent

income shock, on the other hand, initially does not show any systematic effect on current



0.03
c
5 oo
s
; 0.01
2 o
o
s
- 0
o
]
s
(7]
-0.01
-0.02
Figure 7.13
0.02
4
e 0.01
k-
>
o 0
o
©
S
- -0.0}
=
]
[7¢]
-0.02
-0.03

165

& TranY o PermY

The graph represents the level of current account balance

Figure 7.14 Responses to Income Shocks: Variable Ordering 2

A — 1 1 A -l l '} A 1 2 1
() 2 4 6 8 10 12 14
Quarters
A PermY g TranY
The graph represents the level of current account balance
Responses to Income Shocks: Variable Ordering 1
L 1 A 1 |- L ' L A 1 1 L
0 2 4 6 8 10 12 14
Quarters



166

account balance. However, after 4 quarters the current account moves to surplus that
reaches a peak around quarter 8 and then it starts declining steadily. At the end of quarter
12 the surplus in current account balance induced by a permanent income increase
virtually disappears. It may be recalled that in chapter 6, statistical test suggested no long-
run effect of permanent income changes on current account balance. The impulse
response functions in Figures 7.13 and 7.14 reinforce the results of those statistical tests.
Thus the responses of Japanese current account to transitory and permanent income
changes are in more supportive of the intertemporal modeis of current balance than US
data.

Response to Real Exchange Rate Shock: B-N Decomposition

Figures 7.15 and 7.16 show the responses of Japanese current account to
transitory and permanent real exchange rate shocks, where the decomposition is obtained
by the B-N method. Figure 7.15 reflects variable ordering 1 while Figure 7.16 reflects
ordering 2. These two figures show that under either variable ordering a transitory real
exchange rate shock initially has little or no effect on the current account balance.
However after 3 to 4 quarters, such a shock leads to current account deficit that reaches
its lowest around quarter 6. From that point onwards it starts to shrink and by quarter 10
to 11 the deficit disappears. Thus, irrespective of variable ordering, data from B-N
decomposition shows that a transitory real exchange rate shock has some effect (although
with some lag) on Japanese current account balance. On the other hand, under both

variable orderings, a permanent real exchange rate shock leads to an initial improvement
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in the current account balance. At first the surplus in the current account increases;

however, after 3 to 4 quarters it begins to diminish systematically and continuously. The

decline in the surplus is faster under variable ordering 2 than under variable ordering 1.
Response to Real Exchange Rate Shock: B-Q Decomposition

Responses of Japanese current account to transitory and permanent real exchange
rate shocks with data obtained from the B-Q decomposition are presented in Figures 7.17
and 7.18. The former corresponds to variable ordering 1, while the latter reflects variable
ordering 2. From Figure 7.17 we see that, under variable ordering 1, initially a transitory
real exchange rate shock does not show any effect for 4 quarters. Then it lead to deficit in
current account which grows steadily until quarter 10. Then the deficit starts shrinking.
Under variable ordering 2, a transitory real exchange rate shock initially leads to a current
account surplus for first four quarters. Then the surplus starts shrinking, and by quarter 6
the initial surplus totally disappears. The current account then goes to deficit that grows
until quarter 10. Then the deficit shows a tendency shrink.

When variable ordering 1 is used, a permanent real exchange depreciation initially
generates a current account surplus. Then from the 4" quarter onwards, current account
goes into deficit. This deficit worsens for the next four quarters before it starts to shrink.
On the other hand, under variable ordering 2, a permanent real exchange rate depreciation
leads to a deficit in the current account that worsens over 8 quarters before showing signs
of improvement. Thus, we see quite different short-run response of the current account

balance to a real exchange rate shock under the two decomposition methods. With data
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from the B-N decomposition, a permanent real exchange rate increase leads to temporary
surplus in the current account, but does not induce any deficit. If data obtained from the
B-Q decomposition are used, a permanent real exchange rate deterioration may or may
not generate any surplus in current account. However, after some lag it generates deficit
that persists for quite some time. Similarly, if data from the B-N decomposition are used,
a transitory real exchange rate deterioration necessarily generates current account deficit.
On the contrary, with B-Q decomposition, such a shock generates a temporary surplus
before inducing any deficit when variable ordering 2 is used. These results, thus, do not
lead to unequivocal conclusions.

Responses to Own and Government Consumption Shocks

Figure 7.19 shows the response of Japanese current account to own shock and
shock to relative government consumption where the data from the B-N decomposition is
used. It shows that when the B-N decomposition is used, neither government
consumption shock nor current account’s own shock has any systematic effect on current
account balance. A government consumption shock almost has no effect on Japanese
current account balance. Figure 7.20 shows the response to Japanese current account
balance to the same two shocks with data from the the Blanchard-Quah decomposition. It
is evident from Figure 7.20 that when data from B-Q decomposition are used,
government consumption shock seems to be associated with positive movements in
current account balance of Japan. On the other hand, current account balances’s own

shock does not seem to have any systematic effect on Japanese current account balance.
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Variance Decomposition

In this section we present the results of variance decomposition to see if the
transitory and permanent components of income and real exchange rate have markedly
different contributions in explaining the forecast error variances. Variance decomposition
is the technique of isolating the contributions of different variables in the estimated
system in explaining k-period ahead forecast error. The results presented here are
obtained by using the Choleski factorization method, where we have used both of the
variable orderings mentioned earlier. It is well known that the results of such a procedure
may be conditional on the ordering of the variables used. In general, if the correlation
between any two innovations is rather high then the decomposition results are highly
sensitive to the ordering used. However, in such a situation we may follow the guideline
suggested by Litterman and Weiss (1983). If the correlation between two innovations are
high, one should run a pair of decompositions with the two variables placed next to each
other, but only interchanging their positions. Usually the contribution of the variable
appearing in the first position tends to have a higher contribution in the decomposition
result. If this is true for both orderings then we can not draw any definitive conclusion.
On the other hand, if one variable does relatively better when placed in the second
position than the other then this suggests that this variable has a relatively stronger
causative influence than the other variable. If the variable appearing in the second
position does better under both orderings, then some linear combination of the two

variables is the true causative factor.
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Now let us examine the results of the variance decomposition procedure. The
decomposition results are presented for 4 different forecast horizons: 1, 4, 8, 12. The only
exception is current account balance for which results are presented for forecast horizons
1,2, 4, 8, 12. Variance decompositions are presented for data obtained from both
decomposition methods, and for both variable orderings. For ease of understanding, the
columns of the tables containing the decomposition results are arranged such that they
reflect the variable ordering used. First we present the results the for US and then for
Japan. For each country, first the results for data obtained from the B-N decomposition is
presented first under variable ordering 1 and then under ordering 2. Then results are
presented for data from the B-Q decomposition following the same sequence of
orderings. The discussion focuses on the decomposition of forecast error variance of
current account balance.

Forecast Error Variance Decomposition: The United States
Innovation Accounting: Beveridge-Nelson Decomposition

Variance decompositions with data from the B-N decomposition are presented in
Tables 7.3 and 7.4, under variable orderings 1 and 2, respectively. It is evident from these
two tables that the contributions of different variables in explaining near-term forecast
error variance are not sensitive to the variable ordering used. In explaining one-period
ahead forecast error variance, the contribution of transitory income is the highest: in fact,
it is almost three times that of permanent income, and almost equal to the sum of the

contributions of permanent income, transitory and permanent components of real
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Table 7.3. Variance Decomposition: US and B-N Decomposition

F Hori I .
k G.Cons PermY TranY PermR TranR CA

G. Cons. All 100.00 0.00 0.00 0.00 0.00 0.00

PermY 1 0.06 99.94 0.00 0.00 0.00 0.00
4 10.17 65.95 18.93 324 1.11 0.59
8 9.37 6193 18.36 5.62 3.24 1.49
12 892 61.69 18.03 5.63 3.76 1.97
TranY 1 0.04 0.32 99.63 0.00 0.00 0.00
4 10.51 7.71 73.74 3.02 1.72 3.30
8 10.76 8.30 68.37 4.44 1.78 6.35
12 10.54 8.39 66.39 4.94 248 7.26
PermR 1 0.00 2.28 0.45 97.27 0.00 0.00
4 12.22 2.08 4.62 66.30 14.24 0.55
8 12.73 4.46 7.87 60.84 13.04 1.06
12 13.12 4.35 7.81 60.02 13.18 1.52
TranR 1 0.02 1.88 0.41 96.95 0.74 0.00
4 13.36 1.78 4.00 64.96 15.10 0.81
8 13.64 4.56 6.42 59.91 14.00 1.47
12 13.94 4.56 6.38 58.97 14.02 2.13
CA 1 0.02 4.43 11.32 3.98 2.44 77.81
2 0.18 7.68 9.34 3.98 5.78 73.03
4 5.32 8.17 8.51 6.43 4.96 66.62
8 7.97 7.86 8.14 9.47 5.15 61.42
12 9.27 9.18 7.86 9.16 5.20 59.32
Correlation Matrix
G. Cons 12 1.00
PermY 12 -0.15 1.00
TranY 12 -0.25 -0.12 1.00
PermR 12 036 -0.46 -0.52 1.00
TranR 12 0.64 -0.38 -0.44 0.50 1.00
CA 12 -0.34  -0.20 -0.21 -0.38 -0.07 1.00

Note: Variance decomposition is obtained using variable ordering 1.
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Table 7.4. Variance Decomposition: US and B-N Decomposition

E Hori I ..
k G.Cons TranY PermY TranR PermR CA

G. Cons All 100.00 0.00 0.00 0.00 0.00 0.00

TranY 1 0.04 99.96 0.00 0.00 0.00 0.00
4 10.51 74.03 7.42 2.71 2.04 3.30
8 10.76 68.68 7.99 4.14 2.07 6.35
12 10.54 66.69 8.09 4.69 2.73 7.26
PermY 1 0.06 0.32 99.62 0.00 0.00 0.00
4 10.17 20.01 64.87 3.27 1.08 0.59
8 9.37 19.61 60.67 5.58 3.27 1.49
12 8.92 19.37 60.34 5.61 3.78 1.97
TranR 1 0.02 0.32 1.98 97.69 0.00 0.00
4 13.36 403 1.75 64.23 15.83 0.81
8 13.64 6.24 4.74 59.19 14.72 1.47
12 13.94 6.21 4.73 58.20 14.78 2.13
PermR 1 0.00 0.34 2.39 96.53 0.73 0.00
4 12.22 4.69 2.01 64.03 16.50 0.55
8 12.73 7.70 4.62 58.74 15.14 1.06
12 13.12 7.66 4.51 57.89 15.31 1.52
CA 1 0.02 12.10 3.65 451 1.92 77.81
2 0.18 9.72 7.30 4.74 5.02 73.03
4 5.32 8.93 7.75 6.95 443 66.62
8 7.97 8.19 7.81 10.14 4.48 61.42
12 9.27 7.72 9.33 9.89 4.48 59.32
Correlation Matrix
G. Cons. 12 1.00
TranY 12 -0.25 1.00
PermY 12 -0.15 -0.11 1.00
TranR 12 0.35 -0.53 -0.46 1.00
PermR 12 0.66 -0.43 -0.38 0.53 1.00
CA 12 -0.34 -0.21 -0.20 -0.37 -0.15 1.00

Note: Variance decomposition is obtained using variable ordering 2.
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exchange rate, and government consumption. This is true for both variable orderings. So,
for a very short-term forecast horizon, transitory income has the highest explanatory
power. At longer-term forecast horizons importance of other variables increase: for 8
period ahead forecast error variance, contributions of permanent and transitory income
are very similar. On the other hand, between transitory and permanent components of real
exchange rate, the variable appearing at the first position seems to have relatively higher
explanatory power. This suggests that the evidence regarding the relative performances of
these two variables are inconclusive. Further, for a very short forecast horizon (one or
two period ahead forecasts) contribution of relative government consumption is very low.
However, for 8 to 12 period ahead forecasts, relative government consumption’s
contribution rises to about 10% which is very similar to those of transitory and permanent
components of real income.

Innovation Accounting: Blanchard-Quah Decomposition

Variance decomposition results using data from the B-Q method are presented in
Table 7.5 and Table 7.6, using variable orderings 1 and 2, respectively. These two tables
show that ordering of variables has insignificant effect on variance decomposition results.
Under either of the two orderings considered, contribution of the permanent component
in income in one-period forecast error variance is below 1 percent, while that of transitory
income is about 5 percent. For 8 period ahead forecast error variance, contribution of
transitory income is about 16% (under either variable ordering) which is almost twice that

of permanent income. This shows that for near-term forecasting transitory income
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Table 7.5. Variance Decomposition: US and B-Q Decomposition

F Hori I ..
k G.Cons PermY TranY PermR TranR CA

G. Cons All 100.00 0.00 0.00 0.00 0.00 0.00

PermY 1 0.27 99.73 0.00 0.00 0.00 0.00
4 9.83 84.36 0.88 1.23 2.92 0.77
8 9.15 79.58 2.07 3.19 4.12 1.88
12 9.81 77.85 2.25 3.54 4.30 2.24
TranY 1 1.09 12.63 86.28 0.00 0.00 0.00
4 13.27 1.43 64.70 9.94 7.30 3.36
8 17.00 6.56 54.92 9.16 4.74 7.62
12 16.41 7.73 53.34 9.04 5.64 7.83
PermR 1 0.89 0.23 82.76 16.12 0.00 0.00
4 21.31 0.66 60.36 11.41 3.84 241
8 19.87 6.07 53.32 12.17 3.28 5.30
12 20.52 6.25 52.58 11.79 3.28 5.57
TranR 1 0.55 36.25 23.39 2.98 36.84 0.00
4 3.09 21.85 42.50 1.80 22.55 8.21
8 4.46 29.20 36.69 2.61 20.07 6.98
12 6.32 27.56 36.67 2.83 19.45 7.17
CA 1 0.03 0.24 5.19 12.76 0.60 81.17
2 0.04 5.15 6.28 10.67 2.11 75.76
4 6.01 6.46 7.27 10.67 2.24 67.35
8 9.76 7.92 15.84 14.75 2.31 4943
12 10.11 10.81 15.36 14.66 2.26 46.78
Correlation Matrix
G. Cons 12 1.00
PermY 12 -0.18 1.00
TranY 12 0.25 -0.64 1.00
PermR 12 0.31 -0.73 0.34 1.00
TranR 12 -0.38 -0.03 0.11 -0.34 1.00
CA 12 -0.24 -0.34 -0.45 0.38 -0.28 1.00

Note: Variance decomposition is obtained using variable ordering 1.
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Table 7.6. Variance Decomposition: US and B-Q Decomposition

F Hori I ..
k G.Cons TranY PermY TranR PermR CA

G. Cons All 100.00 0.00 0.00 0.00 0.00 0.00

TranY 1 1.09 98.91 0.00 0.00  0.00 0.00
4 13.27 5461 1151 11.83 541 3.36
8 17.00 47.14 1435 796  5.94 7.62
12 16.41 4559 1548 885 583 7.83
PermY 1 0.27 1273 86.99 0.00  0.00 0.00
4 9.83 9.54  75.70 200 215 0.77
8 9.15 11.54  70.12 248  4.83 1.88
12 9.81 11.74  68.37 255 529 2.24
TranR 1 0.55 4447 15.17 39.82  0.00 0.00
4 3.09 56.45 791 2220 215 8.21
8 4.46 4898 1691 2040 228 6.98
12 6.32 4708 17.14 1996  2.32 7.17
PermR 1 0.89 69.34  13.65 121 1491 0.00
4 21.31 51.53 9.50 441 1084 2.41
8 19.87 43.08 1631 423 1121 5.30
12 20.52 4264 16.19 422 1085 5.57
CA i 0.03 3.81 1.62 0.06 1331 81.17
2 0.04 7.94 3.49 248 1030 75.76
4 6.01 7.85 5.88 2.75  10.16 67.35
8 9.76 16.11 7.65 242 1464 49.43
12 10.11 16.77 9.41 244 1448 46.78
Correlation Matrix
G. Cons 12 1.00
TranY 12 0.02 1.00
PermY 12 0.02 -0.51 1.00
TranR 12 -0.35 044  -032 1.00
PermR 12 0.35 -0.17  -044  -046  1.00
CA 12 -0.24 -0.56 -036 -030 0.2 1.00

Note: Variance decomposition is obtained using variable ordering 1.
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definitely has greater explanatory power than permanent income. On the other hand, the
reverse is true about the relative contributions of permanent and transitory components in
real exchange rate. At one-period ahead forecast horizon, permanent component of real
exchange rate contributes about 13% of forecast error variance which is greater than the
sum of the contributions of permanent and transitory income, and relative government
consumption. Contribution of transitory real exchange rate is about 20 percent of that of
permanent real exchange rate. The same pattern continues at longer higher forecast
horizons. At very short forecast horizons, relative contribution of government
consumption are is low. However, in longer term forecasts (e.g. 8-period forecast
horizons) government consumption’s share rises to about 10 percent. Thus, transitory
income, and permanent real exchange rate are more important as explanatory variables in
near-term forecasting of current account balance. On the other hand, the importance of
government consumption in explaining the forecast error variance of current account
balance increases with the length of the forecast horizon.
Forecast Error Variance Decomposition: Japan

Innovation Accounting: Beveridge-Nelson Decomposition

Variance decomposition results using data from the Beveridge-Nelson
decomposition are presented in Table 7.7 and Table 7.8, using the variable orderings 1
and 2, respectively. It is evident from these two tables that the ordering of the transitory
and permanent components of income and real exchange rate has very little effect on the

relative contributions of the different variables of the model. Under both orderings,
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permanent component of income contributes more in explaining forecast error variances
at horizons 2 to 12 period ahead. At 2-period ahead forecast horizon, permanent income
contributes between 9 to 10 percent of the forecast error variance. The contribution of
transitory income is between 2 to 3 percent for the same forecast horizon and this remains
under 6 percent for 12-period ahead forecast horizon.

Looking at the shares of transitory and permanent components of real exchange
rate, we observe that at very short-term forecast horizon (one to two period ahead
forecast) transitory real exchange rate contributes very little to explain the forecast error
variance. At similar forecast horizon, permanent real exchange rate explains about 5
percent of the forecast error variance. At 8 to 12 period ahead forecast horizons
contributions of transitory and permanent components are very similar, each explaining
about 5 percent of the forecast error variance.

Looking at the same table we see that relative government consumption seems to
have the maximum explanatory power over 4 to 12 period ahead forecast horizons. In
particular, its contribution is higher than any other variable in explaining the forecast
error variance at any horizon between 4 to 12 periods ahead . At shorter forecast horizons
(for instance, at one to two period ahead forecast horizons), however, it is dominated by
both permanent real income and permanent component in real exchange rate. So, at
shorter forecast horizon, permanent components in income and real exchange rate seem to
more important than other variables, while at longer forecast horizion, relative

government consumption has the highest explanatory power.



181

Table 7.7. Variance Decomposition: Japan and B-N Decomposition

F Hori I ..
k G.Cons PermY TranY PermR TranR CA

G. Cons All 100.00 0.00 0.00 0.00 0.00 0.00

PermY 1 0.16 99.84 0.00 0.00 0.00 0.00
4 7.06 57.72 26.71 1.81 2.81 3.88
8 11.94 53.12 25.01 1.73 3.58 4.63
12 12.58 52.17 24.80 1.81 4.05 4.59
TranY 1 0.92 10.97 88.11 0.00 0.00 0.00
4 2.60 10.53 81.95 2.28 1.98 0.66
8 11.69 8.61 69.96 3.54 5.35 0.85
12 12.62 8.37 69.07 345 5.66 0.83
PermR 1 3.52 0.14 0.28 96.07 0.00 0.00
4 10.86 0.97 1.91 70.09 10.75 542
8 12.20 1.20 5.33 60.11 14.57 6.60
12 12.82 1.49 5.24 56.57 17.55 6.34
TranR 1 0.48 2.38 541 16.53 75.20 0.00
4 1.36 6.94 6.63 19.14 64.50 1.43
8 3.64 6.81 14.24 14.35 59.55 1.41
12 3.95 6.73 11.84 13.74 62.35 1.38
CA 1 0.02 1.04 - 1.39 5.42 0.01 92.13
2 523 9.01 3.00 4.93 0.02 77.82
4 10.85 9.57 4.42 5.40 2.70 67.06
8 11.20 9.62 5.27 5.08 4.57 64.26
12 11.26 9.59 5.23 5.45 5.73 62.74
Correlation Matrix
G. Cons 12 1.00
PermY 12 -0.12 1.00
TranY 12 -0.13 0.02 1.00
PermR 12 0.18 -0.43 -0.42 1.00
TranR 12 -0.35 -0.31 -0.30 0.05 1.00
CA 12 0.21 -0.21 -0.35 -0.23 -0.30 1.00

Note: Variance decomposition is obtained using variable ordering 1.
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Table 7.8. Variance Decomposition: Japan and B-N Decomposition

E Hori I .

k G.Cons TranY PermY TranR PermR CA

G. Cons 1 100.00 0.00 0.00 0.00 0.00 0.00
TranY 1 0.92 99.08 0.00 0.00 0.00 0.00
4 2.60 90.51 1.96 2.72 1.55 0.66
8 11.69 76.39 2.18 7.43 1.46 0.85
12 12.62 75.23 2.21 7.61 1.50 0.83
PermY 1 0.16 11.06 88.78 0.00 0.00 0.00
4 7.06 3325 51.18 1.50 3.13 3.88
8 11.94 31.06 47.07 2.37 294 4.63
12 12.58 30.72 46.25 2.94 2.92 4.59
TranR 1 0.48 2.82 497 91.73 0.00 0.00
4 1.36 267 1091 81.01 2.63 1.43
8 3.64 12,63 8.41 70.22 3.68 1.41
12 3.95 10.75 7.82 72.21 3.88 1.38
PermR 1 3.52 0.39 0.03 17.31 78.75 0.00
4 10.86 2.07 0.81 21.06 59.78 5.42
8 12.20 5.08 1.44 23.10 51.57 6.60
12 12.82 5.12 1.61 25.76 48.35 6.34
CA 1 0.02 2.10 0.32 0.80 4.63 92.13
2 5.23 1.88 10.13 0.70 425 77.82
4 10.85 4.53 945 1.66 6.45 67.06
8 11.20 5.92 8.97 3.40 6.24 64.26
12 11.26 5.86 8.96 5.00 6.18 62.74
Correlation Matrix
G. Cons 12 1.00
TranY 12 -0.14 1.00
PermY 12 -0.11 -0.05 1.00
TranR 12 -0.35  -0.39 -0.27 1.00
PermR 12 029 -0.38 -0.32 -0.03 1.00
CA 12 0.21 -0.35 -0.17 -0.34 -0.15 1.00

Note: Variance decomposition is obtained using variable ordering 2.
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Innovation Accounting: The Blanchard-Quah Decomposition

Results of variance decomposition using data from the Blanchard-Quah
decomposition method are presented in Tables 7.9 and 7.10, under variable orderings 1
and 2, respectively. These two tables show that transitory income changes explain more
of the forecast error variance than any other variable for all forecast horizons except the
2-period ahead forecast. At 4 period-ahead horizon, transitory income explains about 9
percent of the forecast error variance which is about the same as the contribution of the
permanent component in real income. However, for 12-period ahead forecast the
contribution of the former rises to about 12 percent of the forecast error variance, while
that the latter remains stagnant at about 8 percent. This pattern is true irrespective of the
variable ordering considered.

The contributions of transitory and permanent components of real exchange rate
are dependent on the variable ordering used: the variable appearing first shows more
explanatory power, although individually each explains less than 5 percent of the forecast
error variance. It may be noted that under variable ordering 1 transitory real exchange rate
explains less than 1 percent of the forecast error variance, while its contribution is about 2
percent under ordering 2. This shows that transitory real exchange rate is not vary
important variable in explaining forecast error variance of Japanese current account
balance. Government consumption explains between 8 to 9 percent of the 12-period

ahead forecast horizon under either variable ordering.
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Table 7.9. Variance Decomposition: Japan and B-Q Decomposition

F Hori I ..
k G.Cons PermY TranY PermR TranR CA

G. Cons All 100.00 0.00 0.00 0.00 0.00 0.00

PermY 1 0.22 99.78 0.00 0.00 0.00 0.00
4 15.25 69.53 1.54 6.31 0.85 6.52
8 15.10 64.34 4.64 7.40 1.05 7.48
12 14.93 63.33 4.87 7.23 1.31 8.32
TranY 1 2.03 6.03 91.94 0.00 0.00 0.00
4 5.82 11.35 7415 1.41 0.21 7.06
8 10.76 12.22 60.23 1.17 0.59 15.04
12 10.88 12.84 56.56 2.34 1.71  15.67
PermR 1 1.39 476 90.00 3.85 0.00 0.00
4 12.70 7.42 67.40 5.13 0.60 6.75
8 12.94 8.80 64.60 5.36 0.79 7.50
12 12.96 8.98 63.56 5.76 0.96 7.77
TranR 1 2.17 46.49 45.14 3.76 2.44 0.00
4 6.76 49.06 26.25 0.61 425 13.08
8 14.21 38.07 19.89 2.68 395 21.21
12 14.64 38.42 17.54 3.07 5.14 21.19
CA 1 0.01 0.86 241 0.32 050 9590
2 4.92 7.31 1.97 4.26 0.53 81.01
4 7.92 8.04 8.96 3.86 0.65 70.56
8 7.68 8.42 11.26 3.42 090 68.32
12 8.69 8.68 11.85 3.94 0.93 6590
Correlation Matrix
G. Cons 12 1.00
PermY 12 0.08 1.00
TranY 12 -0.20 -0.56 1.00
PermR 12 0.70 0.20 -0.31 1.00
TranR 12 0.19 0.30 -0.25 -0.13 1.00
CA 12 -0.09 -0.40 -0.52 -0.05 -0.08 1.00

Note: Variance decomposition is obtained using variable ordering 1.
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Table 7.10. Variance Decomposition: Japan and B-Q Decomposition

E Hori I .
k G.Cons TranY PermY TranR PermR CA

G.Cons All 100.00 0.00 0.00 0.00 0.00 0.00

TranY 1 2.03 97.97 0.00 0.00 0.00 0.00
4 5.82 84.04 1.46 0.73 0.89 7.06
8 10.76 69.30 3.15 0.62 1.13 15.04
12 10.88 65.47 3.94 2.73 1.32 15.67
PermY 1 0.22 6.14 93.64 0.00 0.00 0.00
4 15.25 5.49 65.58 2.07 5.08 6.52
8 15.10 7.83 61.15 3.42 5.03 7.48
12 1493 8.34 59.86 3.46 5.08 8.32
TranR 1 2.17 67.24 24.38 6.20 0.00 0.00
4 6.76 44.42 30.89 3.04 1.81 13.08
8 14.21 33.41 24.55 4.51 2.11 21.21
12 14.64 29.80 26.16 5.56 2.65 21.19
PermR 1 1.39 94,70 0.06 2.34 1.52 0.00
4 12.70 71.40 342 4.15 1.58 6.75
8 12.94 68.78 4.63 425 1.90 7.50
12 12.96 67.35 5.19 4.78 1.94 7.77
CA 1 0.01 3.00 0.26 0.00 - 0.82 95.90
2 4.92 2.82 6.46 3.16 1.63 81.01
4 7.92 8.48 8.52 2.76 1.75 70.56
8 7.68 11.77 7.92 2.58 1.73 68.32
12 8.69 12.39 8.14 3.00 1.87 65.90
Correlation Matrix
G. Cons 1.00
TranY -0.24 1.00
PermY 0.15 -0.58 1.00
TranR 0.53 -0.07 -0.02 1.00
PermR 0.66 -0.57 0.63 0.24 1.00
CA -0.09 -0.58 -0.30 -0.06 -0.08 1.00

Note: Variance decomposition is obtained using variable ordering 2.
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Thus, the variance decomposition results for US data suggest that transitory and
permanent components in income and real exchange rate have quite different explanatory
power. At a very short forecast horizon, transitory income’s contribution in explaining
forecast error variance of current account far exceeds that of permanent income. This is
true irrespective of the variable ordering used in obtaining the variance decomposition. At
longer forecast horizons, the contribution of transitory income grows, while that of
permanent income grows at a faster rate. Consequently, the gap between the relative
contributions of transitory and permanent components of income narrows with the length
of the forecast horizon. The dominance of transitory over permanent income in
explaining forecast error variance of US current account balance is more pronounced if
data from the Blanchard-Quah decomposition is used in the analysis.

Relative importance of transitory and permanent components of real exchange
rate in explaining the forecast error variance of US current account balance is less
conclusive. When data from the Beveridge-Nelson decomposition is used, no definitive
conclusion can be reached on this issue. The variable appearing first in the Choleski
factorization seems to the higher explanatory power, leading to no precise conclusion.
However, when data from the Blanchard-Quah decomposition are used, we find that the
permanent component contributes about 3 to 4 times more than the transitory component
in real exchange rate. The contribution of relative government consumption is very small
at very short forecast horizons irrespective of the decomposition method and variable

ordering used. However, for 12 period ahead forecast error variance, its contribution
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remains stable around 10 percent. Therefore, we find that for near term forecast,
transitory real income and permanent real exchange rate are the two most important
variable in explaining the forecast error variance of US current account balance.
Variance decomposition results for Japan show that transitory real exchange rate
has insignificant contribution towards explaining forecast error variance of Japanese
current account balance. Permanent component in real exchange rate contributes about
5 percent of the forecast error variance of current account, which is rather low (although
this is higher than the contribution of transitory component in real exchange rate). If data
from the Beveridge-Nelson decomposition are used then permanent income seems to
have significantly more explanatory power than transitory income. However, when data
from Blanchard-Quah decomposition is used, it is the transitory component in income
that has a relatively higher explanatory power. Thus, the results are dependent on the
method used to decompose income. The contribution of permanent income is similar
under either decomposition method while that of the transitory income is higher if the
Blanchard-Quah is used in the decomposition stage. Contribution of relative government
consumption is rather low at short forecast horizons, while it explains about 10 percent of

the forecast error variance of current account for 12 period ahead forecasts.
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CHAPTER 8. SUMMARY AND CONCLUSIONS

It is generally recognized that the current account balance of a country evolves
according to the intertemporal saving-investment decisions by economic agents.
Therefore, any theoretical analysis of the causes and consequences of movements in the
current account balance should necessarily include national saving and investment
behavior in the analysis. One purpose of theoretical model building is to increase our
understanding of the real world economic issues. From this perspective, the usefulness of
theoretical analysis will depend, at least partially, upon its ability to explain observed
movements of important macroeconomic variables. This study is an effort to examine
whether real world data support the predictions of the intertemporal models of current
account determination. The motivation behind the study is to see if the intertemporal
models can explain the observed movements in current account balance, or we need to
explore alternative and new explanation.

In this study we iliustrate how we can approach the issue of identifying transitory
and permanent components in economic variables that are characterized by the presence
of unit roots. Isolation of the stationary component from a nonstationary variable may be
an important step in many econometric analysis.

The empirical results of our analysis is not very conclusive. Resuits of
cointegration analysis with Japanese data are more supportive of the predictions of the

intertemporal models of current account determination than those for US data. We find
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that permanent changes in income have insignificant effects on Japanese current account
balance. On the other hand, we find that similar income changes in US data have
statistically significant effects on US current account balance. Real exchange rate
movements have significant effects on the current account balance of both the US and
Japan. For both countries, irrespective of the decomposition technique used, a permanent
increase in the relative price in rest of the world improves the current account balance.
These results directly contradict the results of two recent empirical studies, namely those
by Yellen and Rose (1989), and Rose (1991). They find no significant relationship
between trade balance and exchange rate. However, the results of Yellen and Rose
(1989), and Rose (1991) may be, at least partially, due to the choice of Engle-Granger
(1987) single equation procedure, and Stock-Watson (1988) principal component
procedure. It has been shown by Gonzalo (1991) that these two tests of cointegration are
among the least powerful tests to detect cointegration.

Results of error correction models suggest existence of long-run equilibrium
relationship among current account balance, government consumption, and transitory and
permanent components of income and real exchange rate. The estimated error correction
models show that in most cases the current account balance adjusts in response to
deviations from long-run equilibrium. Transitory and permanent components in real
exchange rate show some sign of adjustment, specially in the case of Japanese data.

Income seems to respond the least in response to deviations from long-run equilibrium.
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Impulse response functions and variance decomposition show that in the short-run
transitory and permanent changes in income have differential influence on current
account balance. In the very short run, transitory income seems affect the US current
account more than permanent changes in income. This is true for data obtained from both
decomposition methods. For Japanese data, impulse response functions seem to suggest
that transitory income changes have greater effect of current account balance. On the
other hand, the results of variance decomposition are sensitive to the decomposition
technique used. If data from the Beveridge-Nelson decomposition is used, permanent
income seems to have more power in explaining near term forecast error variance. The
opposite is true for data obtained from the Blanchard-Quah decomposition. The effects of
relative influences of transitory and permanent changes in real exchange rate on current
account balance more inconclusive. For US data the results are sensitive to
decomposition technique and variable ordering used. For Japanese data, no systematic
pattern can be identified from the impulse response and variance decomposition analysis.

Finally, it should be mentioned that the findings of this study are conditional on
the decomposition method used. The methods used to identify the transitory and
permanent components in a time series data are rather new. There are other methods that
have been suggested by others, and there is no theoretical reason to discriminate among
these techniques. It is only through additional works in this line that we shall be able to
make more definitive judgment about the techniques of isolating the stationary

component from a unit root process.
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APPENDIX A

The periodic utility function is:

az 2
ue =u(c;) =ag +ajcq -t [a.1]

and the periodic budget constraint is Ai+; = R[A; +y, - ¢;]. Given the restriction on borrowing,
the difference equation describing the budget equation may be solved, via successive recursion,
to obtain:

(Tlf)jEtcnj =A, +Z (%)jE(yuj [a.2]
=0

=0

-

which states that the expected present value of consumption at time t equals the expected present

value of income plus current asset holding. The problem is to choose the sequence {Ct }:‘;0,

subject to the budget constraint, to maximize the objective function:

U=E,» B'u(c,) [a.3]

t=0

where u = u(c,) is given by [a.1]. The Euler equation for the optimization problem is:

ERpu'(c,,)= (BR)“ u'(c,) [a.4]

where ¢, =y, + A, - R"A,;. Given the specific utility function, the Euler equation reduces to:

a1-(R)"]

Ec, =a+(BR)'c, wherea = [a.5]
a,
Successive recursion on the above equation yields:
1- 'YJ j -1
Ec, =a T +v’, wherey=(BR) . [a.6]
=Y

Substituting [a.6] in [a.5], we get:

i(%)f[a[‘l—‘_%"}u y} A S,

=0
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w -
1yd
Let A= Z(E) Etyt+j.
j=0
Therefore, we have:

A +A—l—a—i ( )+2(-,{-)jyjct

_Y j=0

Rearranging, we get:

> (#e = A+ A= GY(-v)

=0 ~Y %o
© j 2

Now, (1) =L BR_
i l1-— BR°-1
j=0 BR2

Therefore, we can write:

¢ =(1 —ﬁ’;,—)[A, +A—%g(%)"(l —yj)J [a.7]
3o

=0

Now —a—i(%)j(l—v")=—q_{

-y 1-y

_ o | 1 PR
1-y|1-L PBR*-1
__a [ R PR’
1-y|R-1 BR*-1
Substituting the above expression in [a.7], we get:

BR’-1) @ | R PBR’-1
o=(1-5)A +a)- ( pR? )1-7[11—1— R ]

a BR’-1-PR?+PR
_(1 ﬁR,)[A +A]- - Y{ BR(R 1) }

(sl a1 22 et |

Substituting back for A, we have:
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1 SYIRY
€ == Ra;l +(1~ BRZ )(At +§(%) EtYu-j)

Assuming zero initial asset holding (implying At = 0), BR = 1, and denoting & = (%), the
consumption function may be written as:
¢, =(1- S)Z 8'E Y.
=0
This is the consumption function equation used to describe the current account balance equation
in Chapter 3.
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APPENDIX B

Starting from no net indebtedness at the beginning of period t, the current account

balance of a country in period t can be modeled with the help of the following four equations:

C,=(1-3)> &'EY,,; [b.1)
=0

Y, =1, +&q, [b.2]

L=Tat e [b.3]

b, =Y,-C,, [b.4]

where
C, = consumption in period t,
Y, =real income in period t,
T, = permanent component in Y|,
€p, = shocks to the permanent component in Y,,
€1, = transitory shocks to Y,
b, = current account balance in period t.
Now the permanent component in Y, can be written as:
T, =T, +E,, [b.5]
Equivalently, we may write:
(1 - L)Tt =E€p

where L is the lag operator. Solving the above difference equation, we get:

o©

T =D &y [b.6]

s=0

Combining [b.5] and [b.6}, we can express Y, in terms of &, and er, as follows:

o0
Y, =) €, +Eg,.

s=0

Current account balance in period can be written as:
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b, =Y,~(1-8)3 §EY,
=0
=Y,-(1-8)Y,-8(1-8)E,Y,, - 8*(1-3)EY,,, - 8’(1-8)EY,,,

So, current account balance in period t is given by:

b, =8Y, - 8(1 - S)E«Yul - 82(1 - S)EtYuz - 83(1 - S)E‘Y'“—. h

+j

Substituting Y, = Zs

s=0

b, = s[i —_ e,_,] ~5(1- s)e.[i € * en,,] - 5%(1- a)s.[iew_' N em]- 81 5)5,[2": €inat sn,,:l—

=f) =) 3=l aml)

pa-s T €1, WE can write:

Expanding the terms under summation sign, and rearranging, we can write:
b, = S(SN +€, €, tE 3 '+81-'t)
"SEl(Sp,n
+82E,(e

1 + E:p.l + ep.l—l + 8p,l-2 + 8p.l—3+' * '+£T.t+l)

p.t+l + ep.i + 8p,t—l + 8p.l—2 + 8p,(—3 +-- '+8T.l+l)

2

—8 El (ep.t+2 + 8p.wl + ep.t + 8p.t-l + sp.l-z + 8p.t-3 + '+8T,t+2)
3

+8 Et (ep.t+2 + 8p,t~1~l + 8p.l + 8p.t—-l + 8p.l-2 + 8p.l-3 +-- '+£T.t+2)

3
—8 El(ep.MJ + ep.nz + 8p.!+| + 8p.t + ep.t-l + 8p,l-Z +€ +ee °+8T,t+3 )+. "

pat-3

Now Eg;+i = 0 (V i>0), and Eie1 4 > 0 (V k >0). Hence we can write:

b, = 8(8‘” +€, +Ey .y FEL gt -+sn) - 5(5,,,1 +€p 0 FEp g HEL it )

pa-1

2
+4 (ep', +€,,,+¢,,,

2
+ &, gt ) =828, + & FEpup +HEp st
+87(8, + Byt +Epuy +HEp gt o) =8B, HEp Ly FEL FE, st e
pt p.t-1 pt-2 [ AEX] pt pt-l pit-2 pt-3
It is obviously from the above equation that when the current account balance, b,, is expressed in
terms of transitory shocks (er,) to real income, and shocks to the permanent component in real
income (g;,), all terms involving €, cancel each other out, and we get:
b, =0dg,.
Hence we see that starting from a position of no net indebtedness in period t, permanent shocks

to income leave the current account unaffected. On the other hand, a transitory shock in period t

leads to a surplus in the current account balance.
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APPENDIX C

From standard theory of consumer behavior, given our assumptions about preferences and prices,

the following relations may be derived:

N =¥(-1), [c.1]
Nw =(1-71)o+7), [c.2]
Mo = “ProGam —BuCux = Buos [c.3]
Nopes =B (Com = 1), [c.4]

where
Mo = the elasticity of Co with respect to oy,
y = is the average propensity to save, defined as the ratio of future consumption to
lifetime wealth (in present value),

Nea™ the elasticity of C; with respect to a,,

Mo, = elasticity of demand for domestic nontradable good in period t (t= 0, 1) with
respect to p, (t=0, 1),

Mo, = elasticity of demand for domestic nontradable good in period t (t 0, 1) with
respect to pp, (t=0, 1),

o = intertemporal elasticity of substitution, defined as

dlog(C,/C,)
c= ,
dlog[(8U / 8C,)/ (8U / 8C,)]

oj; = Allen elasticity of substitution between goods i and j.
Note that 6> 0, 0 <y <1, n, is negative. Further, since —[ mtOnme T Bncnx] denotes the
compensated effect, it is non-positive because of the negative semidefiniteness of the Slutsky
substitution matrix.

In equilibrium the markets for nontradables must clear in each period and in each

country. That implies the equilibrium requirements:
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Cno[pnO’me’POCO(a'cl’wco )] =Q,0; [c.5]

Cnl[Pnlstls PlCl(acl’ch)] =Q, [c.6]
Given initial output, total differentiation of [c.5] and [c.6] gives:

(Moupus +Ba0)Bro + (Tagyy +Bro)Bro + Mo + Wig =0, [7]

(Mapws +Bat)Bor + (Maps + Bont)Bent + Mooy + Wio =0, [c.8]

where a circumflex above a variable denotes a proportional change, and we have used the
property that the elasticity of the price index P, with respect to a change in one of the temporal
relative prices (P, OF Py is simply equal to the corresponding expenditure share. Under our
assumptions, the discount factor relevant for domestic (real) consumption, o, evolves

according to:

~

a‘cl = Bmlﬁml + Bnlﬁnl - ﬁmof)mo - Bnof’nO' [09]
We may recall that (assuming no initial net debt at the beginning of period 0) real wealth is given
by:

wco = [{on + pnOQnO} + %y {Qxl + plenl}] / 1:’0 .

Totally differentiating the above equation, we may obtain:

Wco = ~BrnoPmo = YBnoPro + YBuiPu- [c.10]
Substituting [c.9] and [¢.10] in [c.7] and [c.8] and rearranging, we can obtain the following
system:

_Bmoonm - BxOcnx - ﬁnoyc YBnlo ][ﬁnO]
Bno(l_Y)G —Bmlcnm _Bxlonx _Bnl(l_Y)G f)n]

- _Bmo{cnm _(1"7)"7‘5} _Ble(G—l) l:f’mo:l
Buo(l=7)0-1)  Bu{Oum ~¥ ~(1=7)o} | B
From the above equation we can solve for P , and p,, in terms of P, and p,,,. Specifically, we

can obtain:
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Pao = A" Bro{Oun = (1-7) YO {BriOpm +BoiG o +Bui(1- 1)}
{Bro(1=7)(c = 1)¥B, 10 }1Pmo
+8[¥Bi(0 — 1B O +BriGoe +Bu(1- 7)o}
Bar{(Gam =¥)+ (1-1)o}¥Bu01bm,
Par = 87 [Bao(1=7)(0 ~ 1){BacOum + BroOu +Boovo}
+Buoll = ¥)BooS{Gm = (1= 1) = Y6 }Brmo
+A B {Cum =Y = (1= V) HBrcS um +BrsO e + Bnoyc},
+B(1=¥)Bao¥o (0 = Iy
where ,
A= [Bmocnm + oncnx][Bmlcnm +BOu T Bnl(l - ‘y)O‘]+ BnoYo[Bmlcm + Bxlonx] >0.

Now we can obtain the following results:

dlogp,

dlogp., pm(; =[0m —(1-7)+7Y5]®, + (60 ~1)®,, [c.11]
where

o, = Bno(BniGum +B.iC0s)

(Bmocnm + oncnx )[Bmlcnm + Bxlonx + Bnl(l - Y)G] + BnOYG(Bmlonm + Bxlcnx) ’
D. = Bmoﬁnl(l_Y)c
2 )
(Bmoo-nm + BxOan )[Bmlcnm + Bxlcnx + Bnl(l - Y)U] + BnDYG(Bmlcnm + Bxlcnx)
It may be noted that both @, > 0, and &, > 0.

dlogp,,

—=7nl = -1|D 1- - , .

Tlogp.. ~Lom ~ 1P+ (1-1)(e -2, [c12]
where

(D3 = BmOBnO(l _Y)G

(Bmocnm + oncnx )[Bmlcnm + Bxlcnx + Bnl(l - Y)G] + BnOYG(Bmlcnm + Bxlcnx) ’

b, = BmO(BmOGnm +Bx0°nx)
) (ﬁmocnm + oncnx )[ﬁmlonm + Bxlcnx + Bnl(l - 'Y)O'] + Bnoyc(ﬁmlcnm + ﬁxlcnx) .

dlogp,,
—={c-1)Q -1)Q
dlogp.. - (C 71+ (Om ~1)2, [c.13]
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where
Q = YBml(BmlUnm +Bxl°nx)
l (Bmﬂcnm + oncnx )[Bmlonm + Bxlcnx + Bnl(l - Y)G] + Buoyc(ﬁmlonm + Bxlcnx) ’
Q. = YBmanlc .
? (Bmocnm + ononx)[ﬁmlcnm + Bxlcnx + Bnl (1 - Y)G] + Bnoyo(pmlcnm + ﬁxlcnx)
%3331_:[6“"‘ -y —(l—y)c:s']Q3 +(0,, —1)Q,, [c.14]
where
Q. = Bml(ﬁmlonm + Bxlcnx)
3 (Bmocnm + ﬁxocnx)[ﬁmlonm + ﬁxlonx + Bnl(l - 'Y)O'] + Bnoyc(Bmlcnm + Bxlonx) ’
Q4 - YBmanOC

(Bmocnm + ﬁxocnx)[Bmlcnm + Bxlcnx + Bnl(l - Y)G] + ﬁnoyc(pmlonm + Bxlcnx) .
The effect of permanent changes in terms of trade on the prices of domestic nontradable good in

periods 0 and 1 are obtained under the condition that dpyo = dpm; = dpm. Under this condition,

we get:
dlogp,,
—=n0 I —1]A,, 15
legpm [(‘nm ] 1 [c ]
where
A — Bm(ﬁmcnm +ﬁx6nx +Bnc)
)=

(Bmoonm + oncnx )[Bmlcnm + Bxlcnx + Bnl(l - Y)G] + BnOYc(BmIGnm + Bxlcnx) .
Similarly, we have

d log pnl

dloap. =[o,. =1]4,, [c.16]

where
A, = Bm(Bmcnm + Bxcnx + BnO')
? (Bmocnm + oncnx )[Bmlcnm + ﬁxlcnx + Bnl(l - Y)G] + Bnoyc(ﬁmlcnm + Bxlcnx) .

It may be noted that the changes in the price of the domestic nontradable good in the two periods

are same.
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APPENDIX D
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Figure D.1 Transitory Components in Real GNP: The United States
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Figure D.2 Transitory Components in Real GNP: Rest of the World vis-a-vis the US
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Figure D.4 Transitory Component in Real Income: Japan
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