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Liberalization and the Behavior of
Output During the Transition from
Plan to Market
ERNESTO HERNANDEZ-CATA*
This paper deals with liberalization and the evolution ofoutput during the
transition from plan to market. lt explains wlzy strong liberalization leads
to a comparatively steep fall in output early in the transition, but a rela
tively strong recovery later on. Because it takes time to restructure
the capital stock inherited from the old system, liberalization initially
leads to transitional unemployment of capital and the contraction of
the old enterprise sector. By making room quickly for the new, more effi
cient enterprises, however, liberalization also sets the stagefor recovery
and a much higher level of income in the medium term. [JEL E23, P21,
P27, P52]
ECENTLY A NUMBER of empirical studies have begun to analyze the
Revolution of output during the transition from planned to market
economy in the countries of Central and Eastern Europe and the former
Soviet Union.1 A number of important conclusions emerge from the
analysis of the reform process, some of which are illustrated in Table I and
Figure I .

* Ernesto Hermindez-Cata is Deputy Director of the African Department.
He would like to thank Robert Corker, David Coe, Martha de Melo. and Ratna
Sahay for their very helpful comments on previous drafts and Yutong Li for her
assi stans;e .
1 See Aslund, Boone, and Johnson ( 1 996), de Melo. Denizer, and Gelb ( 1996a and
l996b), de Melo and Gelb ( 1 997), Fischer, Sahay, and Vegh ( 1 996), Havrylyshyn
( 1 995), and Selowsky and Manin ( l 997).
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Notes: Growth rates and liberalization indices are averages for country groups. The aggregate liberalization indices used in this paper were
developed, for each of the countries listed below. by de Melo, Denizer, and Gelb (1996a. pp. 32-3). For each country. the aggregate
liberalization index was constructed as a weighted average of three subindices for: ( I ) internal prices and competition: (2) external markets:
and (3) private sector entry. including privatization. Annual values for each of these subindices were derived through an extensive consultation
process involving proposed rankings by the authors based on their knowledge and on country reports: consultations with World Bank and
other country specialists followed by a further evaluation by senior bank experts from a wider cross-country perspective: and adjustments
based on the EBRD's (1994) transition indicators.
Line I: Slovenia. Poland, Hungary. Czech Republic, and Slovak Republic.
Line 2: Estonia, Bulgaria. Lithuania, Latvia. Albania. Romania. and Mongolia.
Line 3: Russia. Kyrgyz Republic, Moldova. ami Kazakhstan.
Line 4: Uzbekistan. Belarus, Ukraine, and Turkmenistan.
Line 5: Croatia. Macedonia FYR, Armenia. Georgia. Azerbaijan. and Tajikistan.
Lines 6 and 7: The correlation coefficients are between the growth rates and the liberalization indices in the last year of the relevant
subperiod: they are derived from individual country data. Line 6 excludes (and line 7 includes) the countries affected by regional contlicts.
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Figure I . Formerly Planned Economies: Evolution of Output During the Transition'
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In its early stages, the process of liberalization and macroeconomic sta
bilization involves a large fall in output in virtually every country in the
area.2
After a number of years, however, the countries where liberalization
was strong and early show the highest rates of output growth, and the
smallest cumulative declines in output.
There has been considerable underutilization of industlial capacity in
the early stages of transition.
Although price decontrol initially results in a burst of inflation, over
the medium term there is a negative correlation between growth and
inflation, and also between liberalization and inflation.

There is relatively little disagreement about these "stylized facts,"' but a
unified model that could explain them has not yet been provided. The empir2 I n contrast, China and Vietnam never experienced a contraction of output, for
reasons that include the relatively small size of the industrial state sector in these
countries and hence the comparatively less burdensome task of restructuring; a
considerably lower degree of integration in the Council for Mutual Economic
Assistance (CMEA): and the fact that central planning mechanisms in China and
Vietnam had been less deeply ingrained than, for example. in the countries of the
fonner Soviet Union. On this issue, see de Melo and G elb ( 1997).
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ical models estimated by Aslund, Boone, and Johnson ( 1 996) and Fischer.
Sahay, and Vegh ( 1 996) illustrate several of the conclusions just noted,
including in particular the inverse relation between output and inflation and
the medium-term positive association between output and liberalization.
But these models cannot account for the fact that the initial fall in output is
inversely correlated with the degree of liberalization (see Table I ). In fact,
these models are unable to explain the relation between the time pattern of
output during the transition and the timing and intensity of Uberalization.
In contrast, de Melo, Denizer, and Gelb ( 1 996a and 1996b), de Melo and
Gelb ( 1997), and Selowsky and Martin ( 1997) provide extensive empirical
analysis of these factors, albeit without a fonnal theoretical background.
The purpose of this paper is to specify and estimate a model that explains
the behavior of output during the transition and its relation to the process of
liberalization and stabilization, both in terms of the time profile of the key
variables and in terms of differences among countries. In explaining the
changing relationship between output and liberalization over time, the
model emphasizes two elements: the distinction between "old" goods and
"new" goods; and the role of underutilization of capital during the early
phase of the transition. Inflation also is an important variable in the model.
Indeed, macroeconomic stabilization is seen as a critical element in bring
ing about the recovery of economic activity, both by reducing the chaos and
uncertainty associated with hyperinflation and by reinforcing liberalization.
The empirical part of the paper relies extensively on the liberalization
index constructed by de Melo, Denizer, and Gelb ( 1 996a) for the countries
of Central and Eastern Europe and the former Soviet Union. The results
show that the doubts expressed by Aslund, Boone, and Johnson ( 1 996) con
cerning the usefulness of these indices in explaining output growth do not
appear to be valid. Also, this paper confirms the de Melo-Denizer-Gelb
intuition that economic recovery depends on the duration as well as the
intensity of the liberalization process. Finally, it illustrates the key role of
transitional unemployment of capital in explaining the fall in production in
the early stages of the transition, and it confirms the hypothesis that there
has been considerable underreporting of output in the official statistics,
particularly in the countries of the former Soviet Union.

I. A Simple Two-Sector, Full Employment Model
The simplest version of the model, presented here for i llustrative purposes
only, assumes full utilization of productive capacity and no net capital accu
mulation. Domestic output is produced by two types of firms. Type-Bfirms
typically produce the "old" goods they were required to produce under the
central planning system but for which demand falls as the state order sys
tem is dismantled and the economy is liberalized. Type-A firms produce
"new" goods and services, which they are increasingly able to sell for a

©International Monetary Fund. Not for Redistribution
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profit as the economy is liberalized, and for which there is growing demand
by consumers and by other firms that are increasingly free to purchase what
they wish in free markets. It should be su·essed that the two types of enter
prises should not be classified rigidly in terms of the economic sector to
which they belong (i.e., industry vs. services, or privatized vs. state-owned
firms). Rather, enterprises are categorized as type-A firms to the extent that
they have structured or restructured their production and modified their
technology (defined in broad terms to include management, product design,
and marketing) with the intention of selling at a profit in the market.
In each sector, a production function relates output to the amount of
capital used in the sector:

(I)
where Q is output, K is the capital stock, a11 and a8 are output/capital ratios
and the subscripts A and B refer to the new-goods- and the old-goods
producing sectors, respectively. The marginal product of capital is expected
to be higher in sector A than in sector B. and thus aA > a8. The rate of
decline of the capital stock in sector B relative to its prereform level is
assumed to be proportional to a measure (L) of the degree of liberalization;
that is,
K8 I K0 = J

-

(2)

A. L,

where K0 indicates the aggregate capital stock just prior to the beginning of
reforms.
Conceptually, the variable L should capture the degree of privatization
and market access, elimination of state trading monopolies, and liberaliza
tion of domestic prices and external trade. It is defined so as to range
between zero and one, L = J representing a fully liberalized market econ
omy. The parameter A. indicates the extent to which the output of old firms
contracts as the economy is liberalized-i.e., as L rises-and should also
range between zero and one. As explained below in Section n, another rel
evant factor in thjs context is the extent to whkh the reduction in subsidies,
centralized credits, and budgetary transfers associated with anti-inflationary
macroeconomic policies help to enforce hard budget constraints on type-B
firms and force them either to cut production or to restructure and transform
themselves into type-A industries.
If new enterprises are able to put in place immediately all the capital
released by old enterprises, and assuming no net capital accumulation (i.e.,
K = K0 at all times), equations ( I ) and (2) can be combined into an equation
for the aggregate output of the economy,
Q

=

aAA.LK0 + a8(1- AL)K0

=

((aA- <Xn)AL + a.n]K0.

(3)

Assuming that before the transition starts output is produced by type-B
firms only, the pretransition level of output will be Q0 = a8K0• Thus, dividing
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through by Q0 i n equation (3) provides a simple equation for the ratio of cur
rent to prereform output:
Q I Qo

=

(a.A I a.11)A.L +(I- A.L).

(4)

In this simple full employment model, total output always rises as the
economy is liberalized as long as the marginal productivity of capital is
higher in the new-goods-producing sector A than it is in the old-goods
producing sector B. Thus, this model explains why, several years after the
beginning of the transition, output fares better in those countries where lib
eralization is relatively advanced. But it is unable to account for the initial
decline in output that has accompanied liberalization in all the countries of
Eastern Europe and the former Soviet Union, let alone for the fact that, ini
tially, the drop in output tends to be steeper in those countries where the
liberalization effort was the strongest.

11. A. Model with Transitional Unemployment of Capital
In this section, the assumption of zero net investment is retainedJ but the
assumption that the capital released by type-B enterprises can be immedi
ately used by type-A enterprises is relaxed. Instead. it is assumed that this
process takes time, not only because new firms most go through a learning
process, but because much of the capital released by old firms must be exten
sively restructured to be effectively usable by type-A enterprises. This is the
case even for those formerly type-B enterprises that transform themselves
into type-A enterprises through restructuring (it takes time to shift produc
tion from periscopes to microscopes). lt will now be assumed that only a frac
tion of the capital stock released by type-B enterprises can be put in place by
type-A enterprises in any given year-the rest remaining temporarily
unused-and that this fraction increases gradually as the process of economic
liberalization matures.4 This hypothesis can be formulated by assuming that.
in any given year, the ratio of capital put in place by type-A enterprises to

3This is a major simplification, but one that allows the analysis of important
aspects of the reform process (such as changes in unused capacity) to proceed
within a tractable model, and without requiring data on net fixed capital formation.
which arc unavailable in many of the relevant countries and arc of dubious quality
where available. The assumption of zero net capital fonnation is probably not very
unrealistic in the context of the early transition from plan to market (say, the first
six to eight years). lt is, of course, unsuitable for the longer tenn, when the growth
of capacity (as opposed to changes in its degree of utilization) plays the more impor
tant role in explaining growth.
�The model could be extended by allowing a fraction 1-y of the old firm's ini
tial capital stock to be hopelessly obsolete. In that case, the right-hand side of equa
tion (5) would have to be multiplied by y, that is. by the fraction of the initial stock
of capital that does not have to be discarded and is potentially usable by new firms.
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the capital released by type-B enterprises is an increasing function of the
number of years that has elapsed since the beginning of the transition,

KAt =X, A.L, K,,

(5)

where the gradual restructuring variable X, is an increasing function of the
difference ('t) between the current year ( / ) and the first year of reform (s + I),
and takes on vaJues ranging between zero and one.
Using equations (1) and (2) and substituting for KA, from equation (5)
yields an equation for total output in the economy:
Q,

=

aAA.X, L, K, + au(l- A.L, )K,.

(6)

Assuming that K,=K0 at all times (no net capital accumulation) and that
Q0 = a/JK0, and dividing equation (6) through by Kn yields an equation for
the growth of aggregate output measured from its prereform level:
Q, I Q0 = a/..X, L, +(I- 'AL,),

(7)

where a=aA/a11 is the ratio of marginal products. Equation (7) has two
terms. The first one reflects the growth of output of type-A firms and is pos
itively related to (I) the intensity of liberalization i n the current year (L,);
(2) the duration of the reform process ('t, which is captured by the variable
X,); and (3) the extent to which the marginal product of capital is higher in
type-A firms than in type-B firms (a). Initially, the output of type-A enter
prises is zero or negligible, but it increases over time because, a'i the reform
process matures, new firms increasingly absorb the productive capacity
idled as a result of past liberalization. The second term (I-A. L,) reflects the
contraction in the output of type-B firms resulting from liberalization in the
current period.
As 't and X rise over time, equation (7) converges toward equation (4) and
the response of output to liberalization becomes unambiguously positive.
For small values of 't, however, the effect of liberalization on aggregate out
put can be negative because for some time the initial response of type-A
firms is smaller than the contraction in the output of type-S firms induced
by liberalization. Thus, in this model, transitional unemployment of capital
is an important reason for the transitional contraction of output.5 (The

50ther explanations have been given for the decline in output, including the col
lapse of export markets following the dissolution of the U.S.S.R. in 1991, the loss
of transfers from the Union in some former Soviet republics, and the negative mul
tiplier effects of anti-inflationary financial policies-although the results obtained
in this paper suggest that this latter hypothesis is unconvincing. (See Anderson,
Citrin, and Lahiri ( 1995) for an examination of various explanations.) In addition.
there are reasons to believe official GDP figures overestimate the fall in output in
the countries of the former Soviet Union by a considerable margin. This issue is
examined in Section VI.
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underlying relationship between li beralization and output is il lustrated in
Figure 2.)

Ill. Introducing Inflation
In addition to liberalization, inflation has had a major influence on the
evolution of output during the transition. The countries that have experi
enced relatively high inflation have registered a comparatively large drop
in output because the uncertainty and chaotic conditions created by high
inflation seriously complicate business decisions in general and encour
age investment of effort and resources in unproductive activities directed
only at seeking protection from price increases. Conversely, the elimina
tion of hyperinflation should be expected to raise productivity by improv
ing confidence and predictability and by discouraging wasteful activities.
In addition, a substantial drop in inflation (following the initial and
unavoidable price surge associated with decontrol) presupposes the
implementation of measures that also help to enforce hard budget con
straints and encourage inefficient enterprises to adjust. These measures
which include the reduction or elimination of budgetary transfers. sub
sidies, and directed credits to inefficient enterprises-contribute to the
fall in inflation, to restructuring, and to a better allocation of financial
resources.
In the model presented in Section I, it was assumed that output in each
sector depended only on the stock of utilized capital, and that the marginal
product of capital in each sector was constant. It will now be assumed
that the marginal productivity of capital in sector j is the sum of a fixed
component aj and a component that is inversely related to the excess of
actual cumulative inflation (1t) over a threshold level of inflation at or
below which price changes cease to have detrimental effects on economic
activity (rt*):
j =A,B.

Substituting for aA and a11 from equation (8) into equation ( I ) yields

(8)

(9)
Using equations (2), (5), and (9), assum.ing no net investment (as before)
and zero excess inflation in the initial period, and dividing through by K0:

Q

=

a'AX, L, +(I - 'AL,)- f31 a8(rt, - rtt),

where Q, is the ratio of output in year t to output in the base year.
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Figure 2. Simulated Impact of Liberalization o n the
011tput of Old and New Firms

(Share of 1989 output)
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IV. Estimation Results
In estimating equation ( 1 0). the de Melo-Denizer-Gelb weighted index11
was used as a measure of liberalization, and the adjustment variable X was
approximated by the logarithmic-reciprocal function:
X;, = exp(-8/'t;),

where 't, = 1- s, + l is equal to one plus the difference between the current
year (r) and the first year of major reforms (s;) in the ith country. X, is the
share of the capital stock released by old firms that is put in place by new
firms in country i in year t; it equals zero for 't = 0, increases monotonically
with 't, and approaches one as 't tends to infinity. The function X has an
inflection point at 't = 8/2, where 8 is a fixed parameter. (The estimation
results for an equation using an alternative functional form with similar
characteristics to approximate the variable X are reported in column F of
Table 2a.)
The estimated equations also include a set of dummy variables (described
in more detail below and in Appendix 1 ) to control for the effects on eco
nomic activity of regional differences, armed conflicts, and other exogenous
factors. Equation ( 1 1), which is similar to equation (10) but incorporates a
vector of dummy variables D, and a specific formulation of the variable X,
was estimated using pooled time-series cross-section data for the period
1990-95 for the 26 formerly communist countries listed in Table I .

Q;,

= c - A.L;,

+ a'A.L;, exp( -8 I 't;)- B I aiJ 1t + '5D;,,

(11)

where Q;, is an index of real GDP based I in 1989, and c = I + B n*la11 is a
constant term. The regression results are shown in Tables 2a and 2b, and the
data and sources are described in Appendix 1. All equations were estimated
using heteroscedasticity-consistent estimators of the variance-covariance
matrix that correct for any bias in the standard errors (and therefore in the
t-ratios) t11at might result from the heteroscedastic residuals that appear to be
present in some of the equations as indicated by White's test. (See Table 2a.)

6The application of the model underlying equation (I 0) raises a particular prob
lem in lhe case of the three former Yugoslav republics included in the sample. In
these countries, economic liberalization had started as early as 1965. and by 1989
the process was already quite advanced and the de Melo-Denizer-Gelb index
already had reached 0.4 1 . This would make for higher levels of productivity and
per capita output in these countries compared with alllhe other countries in lhe sam
ple, but it would not affect the growth of output in the 1990s relative to a base period
in 1989-and lhis is what is measured by lhe dependent variable Q. To avoid the
bias that would have resulted otherwise, the liberalization variable for lhe three for
mer Yugoslav republics was defined in terms of deviations from the level of that
variable in 1989.
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13
4.4
378%
0.859
9.9%
78.2
205

0.891
8.7%
82.1
225

-0.10
( 10.5)
...

196.0
( 10.5)
-0.20
(-3.5)
3.99
( 10.0)
...

(E)

2.6
11
1 1 .3
56%

...

1 .05
(64. 1)
-0.34
(7.5)
0.90
(5.3)
-0.04
( 1 3.5)
...

(D)

Explanatory variables

26 Transition Coumries, 1990-95"

..

0.889
8.8%
63.6
223

1.6
12
16.9
26%

.

1 .06
(60.7)
-0.42
(7.3)
0.67
(4.4)
-0.04
( 1 3.6)
...

(F)b

0.9 1 1
7.8%
82.5
241

0.63
(6.9)
3.6
13
10.2
72%

0.37
(3.5)
-0.28
(5.9)
0.99
(4.3)
-0.03
(9.1)
...

(G)<
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•The dependent variable in all equations is the ratio of real GDP in year t to real GDP in 1989. !·statistics are in parentheses.
bJn column (F) the variable X is equal to t/('t + u). In all other equations X= exp (-9/t).
'in estimating equation (G) the ratio et> is added to the set of explanatory variables, yielding an estimate of the coefficient <p. In addition.
each of the other explanatory variables is multiplied by the ratio <l>. The parameters -A. and a A are obtained by dividing the coefficients of L
and LX. respectively, by <p.
d[n percent of the mean of the dependent variable.

Log likelihood ratio
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Standard errord
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Table 2b.

Estimation Results for Output in 26 Transition Countries, 1990-95"

Dummy variables
Dwar
Dnr
Dfixed

(A)

(B)

(C)

(D)

(E)

(F)

(G)

-0.16

-0.16

(7. 1 )

-0. 1 2
(6.3)

-0. 1 1
(4.0)

-0.12
(3.3)

-0.12
(4.2)

-0.06
(2.3)

0.05
(2.6)

0.07
(3.8)

0.05
(2.6)

0.03

0.02
( 1 .0)

0.01
(0.8)

0.03
(2.0)

0.04
(2.2)

0.03
(2.0)

0.02
(I .4)

-0.19

-0.28

-0.18

0.00

(7.7)

( 1 .6)
Drub/eA
Dcom

-0.01
(0.5)
0.003
(2.9)
-0.10
(3.6)

-0. 1 1
(3.8)

0.06
(2.8)

0.05
(2.4)

0.09
(3. 1 )

0.03

0.05

0.04

0.08

D Yugoslavia

-0.01
(0.2)

-0.05

0.04
( 1 .3 )

0.09

-0.03

0.13

( 1.5)

-0.03

DorherCEE

-0.05
( 1 .6)

-0.07
(2.3 )

-0.01
(0.2)

-0.07

-0.10

-0.07

-0.05

DBaltic

-0.05

-0. 1 1

-0. 1 8

-0. 1 1

-0.03

DTranscaucasia

-0.06
(2.0)

-0.14

-0.18

-0.13

-0.02

0.05
(2.2)

-0.01

-0.03

-0.01

0.07

DFSU
DVisegrad

DCentralAsia

( 1.4)

•See footnotes to Table 2a. The coefficients of regional variables shown in columns
(D) through (F) are calculated as averages of the estimated coefficients for the relevant
individual country dummies. r-statistics are shown in brackets.

Regional dummy variables were included for the countries of the former
Soviet Union and the Baltic region, for the Visegrad countries (Poland,
Hungary, and the Czech and Slovak Republics), for the former Yugoslav
republics (Siovenia, Croatia, and Macedonia FYR), and for the other coun
tries of Eastern Europe ( Bulgaria, Romania, and Albania). The DFSU vari
able had been included by Aslund, Boone, and Johnson (1996) in their
cross-section regressions under the heading of "Ruble Area" dummy. This
is a misnomer, however, since most of the Baltic countries and countries of
the former Soviet Union left the ruble area at various times beginning in
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1 992. Accordingly, a proper ruble area variable was constructed with val
ues equal to one for each original member of the ruble area before the intro
duction of a national currency (or the introduction of a general-use coupon
as legal tender), and to zero otherwise. The coefficient of this variable was
expected to be negative in view of the propensity of some countries to
export inftation to other members of the ruble area in 1992-93 and of the
conflicts between Russia and certain other countries regarding the use of
ruble correspondent accounts held with the Central Bank of Russia by other
central banks. Another variable (Dcom) was introduced to capture the
length of time a country has operated under a communist system, as sug
gested by Ickes ( 1 996). Its coefficient was expected to be negative because
the length of this period should be associated with more deeply entrenched
central planning mechanisms and a more distorted economy.
The dummy variable Dwar was introduced to capture the direct or indi
rect economic effects of regional conflicts in several countries at various
points during the sample period, and the variable Dnr was used to test
whether economic activity in those countries rich in natural resources had
been relatively less affected by the problems of industrial restructuring than
in other countries in transition. Finally, a variable (Djixed) proposed by
Fischer, Sahay, and Vegh ( 1 996) was used to capture the (presumably) pos
itive effects on economic activity of fixed exchange rate systems.
In column (A) of Table 2a, all the coefficients have the expected signs
and are significantly different from zero,7 with two exceptions. First, the
variable representing the number of years in which the country has been
under communist rule (Dcom) has the wrong sign, perhaps because the
impact of that variable is already reflected in the liberalization index, as sug
gested by the results presented in Appendix II. Second, the coefficient of
the ruble area variable is insignificantly different from zero. These two
dummy variables are dropped from the other regressions presented in Table
2, with minor effects on the results.
It is noteworthy that coefficients of inflation and of the two liberalization
variables (Land LX) are significant in spite of the collinearity among these
three variables. This suggests that Aslund. Boone. and Johnson' s ( 1 996)
finding that the (cumulative) liberalization variable becomes insignificant
when they add two dummy variables (DFSU and Dwar) to the list of regres
sors probably reflected an insufficiently complete specification (the authors
were limited in terms of degrees of freedom as they were using cros�-

7 All statements about significance are based on one-tailed t-tests and a I percent
confidence interval. With a n infinite number of degrees of freedom, a positive value
of 1 larger than 2.33 has a probability of I percent. This applies approximately
to the equations reported in Tables 2a and 2b, where the number of degrees of
freedom is 156.
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section data only). In a comment addressed to Aslund, Boone, and Johnson
( I 996), Ickes ( 1 996) argued that the use of the cumulative liberalization
index was inappropriate because if two countries have achieved exactly the
same degree of liberalization, the one that started the process earlier would
achieve a higher score. However. this seems to miss the point that, in
explaining the evolution of output during the transition, both the intensity
and the duration of the process of liberalization matter. Indeed, de Melo.
Denizer, and Gelb ( 1 996a) used the cumulative liberalization index pre
cisely to summarize these two dimensions of the process in a single num
ber. This point is also recognized by Selowsky and Martin ( I 996), who used
current and lagged values of the noncumulative liberalization variables to
capture the effect of duration. The present paper also uses the actual rather
than the cumulative liberalization index, but it models explicitly the inter
action between the intensity of liberalization, the duration of the transition
process, and the evolution of output.
In columns (A) through (D) of Table 2a the coefficient of the gradual
restructuring variable (a. A) ranges approximately between 0.9 and 1 .2, and
the coefficient of the (unmodified) liberalization variable (A) ranges
between -0.3 and -0.4. On that basis, the range of estimates of a. falls
between 2.6 and 3.6-i.e., new enterprises are roughly 2Yz to 3Yz times more
productive than old enterprises. Of course, these results must be interpreted
with caution because the estimates of a. seem vulnerable to changes in
specification, because there are serious problems with the output data (see
Section VI), and also because there may be questions about the liberaliza
tion variable, which, although it was based on the careful judgment of
World Bank experts, was not derived from direct measurement.x It should
also be noted that the present model imposes the same ratio of marginal
productivities and the same speed of restructuring on all countries. Thus,
the estimated coefficients reported in Table 2a are averages of individual
country coefficients that in fact may differ significantly among each other
in ways that are not fully captured by the dummy variables included in the
regressions.
The results shown in columns (A) through (D) of Table 2b confirm that
armed conflicts have had a large adverse effect on output, reducing cumu
lative growth from 1989 to 1995 by 1 1 to 1 6 percent in the countries
affected relative to the other countries in the sample. However, other
results, discussed in Section VI, suggest that conflicts may have affected
measured output more severely than actual output. The regional variables
�lt is noteworthy, however, that the de Melo-Denizer-Gelb liberalization index
is strongly correlated to the share of the private sector in the econo.rny and also to
the EBRD and the IMF measures of institutional development. Sec Aslund, Boone,
and Johnson ( 1996).
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also had appreciable effects: other things equal, cumulative growth may
have been relatively high in the Visegrad countries, relatively low in the
other countries of Central and Eastern Europe, and higher than average in
the countries with abundant natural resources. The results in columns (A)
and (B) imply that, other things equal, output may have been about I 0 per
cent lower in the Baltic countries and the countries of the former Soviet
Union, but the results discussed in Section VI suggest that this may have
been partly a statistical mirage.
Column (C) shows the results of replacing the regional dummy DFSU by
a set of subregional dummy variables. The estimated coefficients of these
variables suggest that, ceteris paribus, output may have been 6 percent
lower in the Transcaucasian countries and 4� percent lower in the Baltic
countries, but almost 5 percent higher in the former Soviet republics of Cen
tral Asia relative to other countries in the sampleY However, the standard
errors of these estimates are relatively high. The estimated coefficients of
other variables do not change much in comparison with columns (A) and
(B), except that both the size and the 1 ratio of the war dummy coefficient
falls, perhaps because it now competes with the dummy variable for Tran
scaucasia, a region including three countries that were seriously affected by
armed conflicts during the period. In column (D). the regional dummies are
replaced by a set of country dummies. The results broadly confirm those
discussed above for regional aggregates but also indicate that, other things
equal, output was particularly weak in Georgia, Moldova, and Lithuania,
and particularly strong in Poland and Slovenia.
Columns (E) and (F) illustrate the sensitivity of the results to two kinds
of changes in specification. In column (E), the inflation variable is dropped
and replaced by a time trend-which might be loosely justified on the
grounds that the productivity of the inherited stock of capital diminishes
over time. The coefficient of the trend variable turns out to be significantly
negative and the signs and significance of the other coefficients are
unchanged, suggesting that the inflation variable may, to some extent. be
picking up the effects or gradual obsolescence of old plant and equipment.
However, the estimated size of a is not credible. When both inflation and
the time trend are included in the equation, the first variable is highly sig
nificant. while the latter is not. When both inflation and time are dropped
from the equation, the other variables remain correctly signed and signifi
cant, but the overall explanatory power of the equation drops substantially.
Column (F) shows the effects of using an alternative gradual restructuring
variable of the form
X,

=

't; /(-r, + u),

( 1 2)

9The precise composition of these country-groups is provided in Appendix I.
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where u is the number of years required to achieve half of the adjustment.111
The results are not drastically altered, except that the productivity gap
between type-A and type-B goods is substantially narrower than in the other
equations.
Finally, the coefficient of the variable Dfixed suggests that output may have
been I to 4 percent higher in the countries that adopted a fixed exchange rate,
but the coefficient of this variable was not significantly greater than zero in
most regressions. Some qualifications are in order. however. First, it is pos
sible that the positive impact of fixed rate regimes on output occurs indirectly
through the inflation variable. This conclusion is supported by Fischer, Sahay,
and Vegh' s finding that countries with fixed rates have experienced relatively
low inflation, and by the results in Table 2, which show a strong, inverse cor
relation between output and inflation. It is also consistent with the fact that
the coefficient of the fixed rate dummy rises (and its standard error falls) when
the inflation variable is omitted from the equations. Second, however, these
results do not necessarily confirm Fischer, Sahay, and Vegh's claim that nom
inal exchange rate anchors per se improve economic performance. It is pos
sible that the causality runs in reverse order, and that those countries that had
achieved a sufficiently high degree of institutional development and political
consensus for stabilization found it possible to peg the exchange rate.

V. An Interpretation of the Results
Figure 2 ill ustrates the effect of liberalization on the production of type
A and type-B goods during the transition. The sectoral breakdown of out
put between new and old firms-which is, of course, unobservable-is
derived by simulating equation (A) in Table 2a,11 where the variable X is
equal to the logarithmic-reciprocal function exp(-8/'t). The proportion of
available capital put in place by type-A firms is zero for 't = 0, rises gradu
ally with the passage of time, and approaches one asymptotically as 't
increases. In the first two years, the contraction of aggregate production is
much steeper for the strong reformer than for the slow reformer because the

10 X was also approximated by other functional forms, including the square root
of 't' and the logarithm of 1, with similar results but larger standard errors.
1 1 lt is important to note that the simulations underlying Figure 2 are intended to
capture the impact of liberalization on output with other variables remaining
unchanged. If the impact of inflation in I 989-95 were taken into account, the fall
in output would be larger in both countries, and particularly in the slow reform
countries (typically, strong reformers also have succeeded in bringing down infla
tion more quickly than slow reformers). The simulations underlying Figure 2 use
actual data for a strong reformer (the Czech Republic) and a slow reformer
(Belan1 s) from 1989 through 1995, and projections thereafter.
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pace of liberalization is faster, and therefore the fall in the output of old
goods is sharper in the former country. In the third year, however, positive
growth resumes in the strong reform country, reflecting the gradual pickup
in the output of new goods as the liberalization process matures. In the slow
reform country, the fall in output initially is less abrupt but it is more pro
longed, while the recovery is much slower because the growth in the out
put of type-A goods is relatively low and the share of the less productive
type-B enterprises in total output remains much higher. Beginning in the
sixth year, output in the strong reformer exceeds output in the weak
reformer by a margin that rises as liberalization takes hold.
Table 2a provides estimates of several key parameters of the model,
including the number of years required for output to return to its pre-reform
level (the crossover point). Except in equations (E) and (F), output i s esti
mated to return to its initial level after approximately 9 to 1 1 years, although
for a particular country the period can be shorter or longer depending on
the sum of coefficients of the corresponding dummy variables. Abstract
ing from the effects associated with dummies, the number of years required
for output to return to its pre-reform level is equal to the adjustment param
eter e divided by the logarithm of the relative productivity ratio a.12 It
is therefore independent of the level of L, although, of course, the earlier
liberalization starts the sooner recovery will be complete.
The long-run level of output, however, does depend critically on the
intensity of liberalization. Setting X = I in equation ( 1 0)-i.e., assuming
completion of the restructuring process-and ignoring the effects of high
inflation yields an expression for the long-term rate of growth of output
relative to the base year:

Q, - I

= (a - I)A.L,

( 1 3)

If liberalization is complete (L= 1 ) the percentage deviation between long
term and base-period output is simply A (a - I); in Table 2a this deviation is
estimated to range between 56 percent and 87 percent.13 Figure 3 illustrates
the relation between long-term growth and liberalization by comparing two
countries that achieve full liberalization (L = I ) and partial liberalization
(L = 0.5), respectively. These levels are assumed to be attained in five years,
after which no further changes in liberalization take place. The figure con
firms that output falls during the period of liberalization14 (as L rises from

12This result holds for the logarithmic-reciprocal version of X,. In lhe case of the
ratio form used in equation (F) of Table 2a, the number of years needed for output
to return to its initial level is equal to (9 - a)/(a. - I).
13 Excluding the outliers in columns (E) and (F).
1 4 Except. of course, if there is no liberalization, in which case output never
changes
.
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Figure 3.

Simulmed Parh ofOwpur: Full versus Pcmial Liberali:.arion•

(Share of 19R9 output)

1 .4 ,-------,
1.3
1.2
1.1

-- - - - -- - -

-- , , - ' -- -p;,�tia/ lihera/ization

--

0.9

1The simulations are based on the estimated coefficients of equation (A) in
Table 2a. They involve a steady rise in Ihe liberalization index from in period 0 LO I in
period 6 ( fu ll liberalization case), and to 0.5 in period 6 (partial liberalization case).

zero to its steady-state level) and that the fall is steeper in the country that
achieves complete liberalization. After the conu·action ends, however, out
put rises much faster in the country that achieves full liberalization, and that
country attains a much higher level of output in the long term.
Figure 3 does not imply that everyone will benefit from full liberaliza
tion. Some may prefer to forgo the substantial, long-term output gains for
the sake of avoiding the short-term contraction of output-for example, if
they are old and care little about the next generation, or if liberalization
means the end of the political and economic privileges they enjoyed under
the old regime. But the large dividend paid by full liberalization makes the
concept of a short-term sacrifice for a long-term gain appear quite attrac
tive, particularly in view of the evidence that increased economic liberal
ization also is associated with greater political freedom. The picture in
Figure 3 also suggests that some consumption smoothing would make
sense. It might be argued that private consumption and the social compo
nent of government spending could be prevented from falling too sharply
during the period of output contraction by running fiscal deficits financed
by issuing domestic bonds and thus crowding out domestic investment
temporarily-after all strong, productivity-led growth is likely to occur
anyway as a result of restructuring-or by borrowing from abroad. How-
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ever, it remains to be seen how far this policy can be pushed without lead
ing to an unsustainable accumulation of debt and eventually to a financial
crisis, particularly in situations where initially low credibility is likely to
boost the cost of borrowing.

VI. Testing for the Underrecording of Output
As indicated earlier. it has been strongly suspected for some time that the
official national accounts data in the countries in transition underestimate
the output of new enterprises and therefore total output by a substantial mar
gin, and that the degree of overestimation is particularly large in the coun
tries of the former Soviet Union (Table 3). In recent papers, Kaufmann and
Kaliberda ( 1995) and Dobozi and Pohl ( 1 995a, 1 995b, and 1 995c) have
observed that electric power consumption. a good proxy for output in most
market economies, has declined significantly less than real GDP since the
beginning of reforms, and that while the gap between the two variables has
been relatively small in Central and Eastern European countries, it has been
very large in the countries of the former Soviet Union.
The authors do not find any convincing explanation for these results15
other than an indication that the official GDP statistics overstate the true fall
in output because of ( I ) attempts by enterprises to avoid high taxes and
residual state orders to supply goods at regulated prices; and (2) the failure
of official national accounts systems to keep up with the growth of new
activities, particularly i n the small-scale service sector. They proceed to
construct indices of power consumption that they regard as more reliable
indicators of the evolution of actual output than the official GDP numbers.
In order to correct at least in part for the underrecording of output by the
official data. it was assumed that the ratio of officially measured output (Q)
to true output (QT) was proportional to the ratio <1> of measured output to
power consumption:
( 1 4)
where <p is a positive parameter and the ratio <1> is calculated on the basis of
the power consumption data provided by Kaufmann and Kaliberda ( 1995)
as explained in Appendix I. It is therefore possible to express the official
output index used in the regressions as a function of the ratio of output to
power consumption and the unobservable level of true output:
( 15)
15 I ndeed they note that the large rise in e lectrici ty prices that has occurred in
these countries should have led to a.fall in the ratio of power consumption to GDP.
,
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Cumulative Changes in Real GDP and Power Consurnption. 1989-94

(In percent)
Real GDP (ofticial)

Power consumption

-40.9
50 5

-28.2
-33.4

All reforming countries

Former Soviet Union

-

Of which

War countries
Central and Eastern Europe

.

-75.2

-45.5

-19.7

-17.0

Source: Kaufmann and Kaliberda ( 1995).
where bars on top of the variables indicate indices based in 1989. Since the
right-hand side of equation ( I I ) seeks to explain true output, it can be sub
stituted for Q l in equation ( 15). This provides a simple way to correct for
the underestimation of output in the official GDP numbers: multiply the
constant term as well as each explanatory variable in equation ( 1 1 ) by
the ratio <T>;, and run the regression using the transformed variables.16 The
results are shown in column (G) of Table 2a.
The coefficient of the variable <1> is significantly positive and suggests
that, on average, almost two-thirds of the gap between changes in mea
sured real GDP and changes in power consumption reflect underrecording
of output. This would mean that the average contraction of real GDP in the
countries of the former Soviet Union during 1 989-94 would have been a
little less than 40 percent, compared with more than 50 percent indicated
by the official estimates. The results in column (G) also show a drop in the
coefficient of the war dummy compared with previous equations, perhaps
because the incentive to underreport production is relatively high in war
situations. Finally, it is noteworthy that the sum of coefficients of the
dummy variables for the countries of the former Sov.iet Union drops to
zero, suggesting that the major difference between countries of the former
U.S.S.R. and other reforming countries-other than those differences
aJready captured by other explanatory variables in the model-has been
the underreporting of output.
·

VII. Conclusions
The results presented in this paper indicate that the transition from central
planning to a growing market economy is almost unavoidably arduous-un
mauvais moment a passer. I t is also probably fairly long, taking as much as

16For an alternative

( 1996).

way

to

adjust for underreporting, see Selowsky and Martin
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a decade, or more. This is not particularly surprising given the extraordi
narily difficult circumstances inherited from the old regime, including
heavily distorted price systems and trade patterns and overly large indus
trial sectors that are often unprofitable at the new, much freer structure of
relative prices. In particular, the results suggest that it takes considerable
time to restructure the capital stock inherited from the previous system and
use it in the productive process. While this process of restructuring takes
place, part of the usable capital stock is temporarily unemployed. leading
to a contraction of total output.
During this period of transitional unemployment, the structure of the
economy changes: the old firms cut production as the economy is liberal
ized, thus releasing resources that are used partially and gradually by the
new enterprises. Thus, an aggressive policy of liberalization will lead to a
comparatively rapid contraction of the old enterprise sector and a relatively
sharp initial drop in total output. But it will also make room quickly for the
new, more profitable enterprises, and set the stage for a much higher level
of income in the medium term.
I n those countries that have embarked audaciously on the process of lib
eralization, much of the old sector has disappeared or transformed itself,
and the new sector gradually increases its share in the economy. As a result,
most countries of Central and Eastern Europe, the three Baltic countries,
Mongolia, and some countries of the former Soviet Union, like Armenia,
Georgia, and the Kyrgyz Republic, experienced positive growth in 1 995
and probably also in 1 996. 1 t is true that measured real GDP remains well
below 1989 levels in many countries, but this gap is probably exaggerated
by the official data, which, as suggested by the empirical results presented
i n this paper, underestimate the true level of production by a wide margin,
particularly in the countries of the former Soviet Union. Moreover, the
prospects for growth among the strong and early reformers appear to be
quite good, because from now on new investment will go into the new
enterprises and contribute rapidly to economic expansion. By contrast, in
those countries that have been slow in adjusting. the contraction of the old
industrial sector has been relatively gradual, but much of this sector
remains in place. and much of the unavoidable task of liberalization and
restructuring lies ahead.
The empirical results of the model strongly confirm the finding of previ
ous studies that there is a close association between price stabilization and
the resumption of growth. They also confirm that armed conflicts have hin
dered economic activity in various countries in transition (although this
may have been more a feature of the data than of reality) and that regional
differences have been of some importance. However. there is no clear
evidence that the countries of the former Soviet Union have performed sig-
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nificantly worse than the average after controlling for differences in the tim
ing and intensity of liberalization, price stabilization, and underreporting of
output. In particular, the evidence does not support the hypothesis that
membership in the ruble area contributed to an exceptionally difficult tran
sition. Finally, the results provide some-but not much-support for the
view that fixed nominal exchange rates have contributed directly to a rela
tively strong performance of output, although they may have contributed
indirectly to this result by helping to bring down inflation.

APPENDIX I
Definitions and Sources of Variables Used i n the Regressions
F = index of political freedom. From de Melo, Denizer. and Gelb ( 1996b).

L = weighted liberalization index, from de Melo. Denizer. and Gelb ( 1 996a).
Unpublished data for 1 995 were provided by Martha de Melo.
1t = cumulative inflation rate. Equal to the natural logarithm of the ratio of consumer
prices in the current year to consumer prices in the base year. Derived from annual rates
of inflation published by the European Bank for Reconstruction and Development
( 1 996b).
Q = real GDP index ( 1 989 =I). Derived from annual growth rates published by the
European Bank for Reconstruction and Development ( 1 996b).
<l> = Index of the ratio of officially recorded real GDP to electrical power consump
tion. Based on data published by Kaufmann and Kaliberda ( 1995) and rebased tO equal
I in 1989. Data for the Czech Republic and Armenia were constructed on the basis of
power consumption data provided by Dobozi and Pohl ( 1995a. l 995b. and l 995c), and
data for the three former Yugoslav republics were set equal to the average for Central
and Eastern European coumries. The ratios of output to power consumption were
assumed to remain unchanged in 1995 from their 1994 values.
s = assumed fi st
r year of the liberalization process in the late I 980s or early 1990!..
Defined as the first year in which the de Melo-Denizer-Gelb liberalization index mea
sured 0. I or more: I 992 for Uzbckistan. Azerbaijan. Turkmenistan. and the Kyrgyz
Republic; I 99 I for Albania, Mongolia. Russia, Moldova. Armenia, Georgia, Kazakhstan.
Belarus. Tajikistan, and Ukraine; 1990 for the Czech and Slovak Republics, the three
Baltic countries, and Romania: and 1989 for Poland. Hungary. Bulgaria. and the fom1er
Yugoslav republics.
t = age of the reform process, in years. Equal to t - s + I .
t = time. in calendar years.
Dwar= Dummy variable to capture the effect of armed conflicts. Equal to I in all years
for Armenia and Azerbaijan (Nagorno-Karabakh conflict and, in the case of Armenia.
natural gas blockade): for Georgia (fighting between the government of Georgia and
Abkhazian rebels: between the government and South Ossetian rebels: and between the
government and rebels loyal to former President Gamzakhurdia): and for Tajikistan (civil
war). Equal to I in 1991 and 1992 for Croatia (Yugoslav civil war) and Macedonia
(indirect effects of the sanctions on Serbia): and to l in 1992 for Moldova (Trans-Dniestr
conflict). Equal to zero otherwise.
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Djixed= Dummy variable for countries on a fixed exchange rate regime: Poland since
January 1990. Hungary since March 1 990. the Czech and Slovak Republics since Jan
uary 1 9 9 1 . Estonia since June 1 992. Croatia since October 1993. Macedonia since Jan
uary 1994. Latvia since February 1994. and Lithuania since April 1 994. Equal to I mul
tiplied by the proportion of months in every year in which these countries were on a fixed
exchange rate: equal to zero otherwise.
Drub/eA = Dummy variable equal to I for every country of the former Soviet Union
and the Baltic area before the introduction of u national currency or a generalized coupon
as legal tender. prorated by the number of months i n the year in which the ruble was not
used as the predominant currency: equal to zero otherwise.
Dcom = Number of years during which a country was under a communist govern
ment. Equal to the difference between the initial year of reform in the late 1980s or early
1990s and the following years: 1948 for Bulgaria. the Czech and Slovak Republics.
Hungary, Poland. and Romania; 1946 for Albania: 1945 for the former Yugoslav
republics, Moldova, and the Baltic countries; 1924 for Mongolia; and 1 9 1 8 for the other
countries of the former Soviet Union. In the regressions presented in Appendix 1 1 . the
beginning of communist nde was dated 1949 in China and 1954 in Vietnam. The begin
nings of reform in these two countries were dated 1978 and 1986. respectively.
The following regional dummy variables were set equal to I for the countries listed
below and to zero otherwise.
DBaltic = Estonia, Latvia, and Lithuania.
DCentra/Asia = Kazakhstan, Kyrgyz Republic, Tajikistan. Turkmenistan. and
Uzbekistan.
DFSU = all countries of the former Soviet Union and the Baltic region.
DotherCEE = other Eastern Europe: Albania, Bulgaria. and Romania.
Dnr= countries rich in natural resources: Azerbaijan, Kazakhstan. Russia, Turkmenistan.
and Uzbekistan.
DTran.w:aucasia = Armenia, Azerbaijan. and Georgia.
DYugos/avit1 = Croatia, Macedonia FYR, and Slovenia.
DVisegrad = the Czech and Slovak Republics, Hungary, and Poland.

APPENDIX I I
Explaining Economic Liberalization

The relation between economic liberalization and political freedom, as measured by
the Freedom House index, has been illustrated by de Melo, Denizer. and Gelb ( 1997).
The results presented in this Appendix indicate that the intensity of liberalization is also
related (inversely) to the length of time that a country has been under communist rule
(Dcom). A cross-section regression for the 26 countries listed in Table I for the year
1994 gave the following results:
L

= 0.77 + 0.064F - 0.008Dcom
(3.9)

P = 0.746
l

(3.4)

(3.3)

SE = 0 . 1 16.

©International Monetary Fund. Not for Redistribution

ERNESTO HERNANDEZ-CATA

428

The coefficients of other variables that might have influenced the authorities' deci
sions regarding economic liberalization-such as armed con fl icts, per capita income. the
share of industry in GDP, and population density-were insignificantly different from
zero.
The regression results are quite similar if the equation is run for 1993 or 1995. Also.
it is noteworthy that the results are even stronger if China and Vietnam are added to the
regression:
L

=

0.74 + 0.067F - 0.007Dcnm
(4.8)
(6.6) (5.5)

l
P = 0.747

SE = 0.1 l l .
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LA SZLO HALPERN and CHARLES WYPLOSZ*
Exchange rates in transition economies undergo early depreciation fol
lowed by continuing real appreciation. The paper documents and interprets
!his stylizedfact. It provides estimates ofthe real equilibrium exchange rate
based on a sample of 80 countries, and estimates well the dynamics of the
real exchange rate in the early transition phase. The results suggest that the
continuing real appreciation corresponds to a combination of a return to
equilibrium following an initial overshooting, and of real equilibrium
appreciation. [JEL E52, F3 1 , F4 1 . P52)

I

N TRANSITION economies, as elsewhere. the choice of an exchange rate
regime is controversial. t Table I shows that all possible arrangements have
been tried in the various countries in the few years before transition began.
If the most popular arrangement is a managed float, the tendency has been
toward increased exchange rate stability. especially as inflation declined.
This paper presents estimates of the equilibri um paths of the real exchange
rate for countries for which sufficient data have been available (Croatia, the

* Laszlo Halpem is Senior Research Fellow and Deputy Director of the Institute of Eco
nomics of the Hungarian Academy of Sciences, and a Research Fellow of the Center for
Economic Policy Research (CEPR) in London. He graduated from Karl Marx University
of Economics (Budapest). Charles Wyplosz is Professor of Economics at the Graduate
Institute of International Studies i n Geneva, a Research Fellow of CEPR in London. and
Managing Editor of Economic Policy. He received his Ph.D. from Harvard University.
This paper was initially written while Charles Wyplosz was visiling the IMF's European I
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Halpern acknowledges support from the Hungarian Science Fund (OTKA 3231 ). Many
individuals were involved in the data collection and advice regarding the data: Ihe authors
are deeply grateful to them all. They particularly thank Massimo Russo, Michael Deppler,
and Gerard Belanger for making this project at all possible and for useful advice. many
IMF staff members for comment:-.. Phi-Anh Plesch and Harmen Lehmen1 for additional
help with data, and David Maxwell and Nadine Orosa for excellent research assistance.
1 See, for example. Borensztein and Masson ( 1993), Dobrinski ( 1994), Portes ( 1994),
and Sahay and Vegh ( 1996a).
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Exchange Rate Regimes Since the Beginning of Transition

Country

Regime

Convertibility

Albania

Managed float since July

1 992

Current account: mostly free
Capital account: inflows mostly free,
outflows restricted

Bulgaria

Managed float since Feb.

1991

Current account: mostly free
Capital account: inflows free,
outflows mostly free

Croatia

Fixed (to deutsche mark):
December 1991 to March 1992
Expected PPP crawl: March 1992
to October 1993
Managed float since October 1993

Current account: mostly free
Capital account: mostly free (in and
outflows)

Czech
Republic"

Fixed (basket) since December

Current account: mostly free
Capital account: inflows mostly free,
outflows restricted

1 990

Estonia

Currency board

Current and capital accounts

Hungary

Adjustable peg since before J 989h
Preannounced crawling band
since March 1995

CurrenL account: mostly free
Capital account: inflows mostly free,
outflows restricted

Latvia

Managed float since July

Current and capital accounts

Lithuania

Floating since October 1992
Currency board since April 1994

Current and capital accounts

Macedonia

Managed float since Apri I

Current account: mostly free
Capital account: restricted

Poland

Fixed< (basket) from January 1990 Current account: mostly free
to October 1991
Capital account: restricted (in- and
Crawling (basket) peg since then
outflows)

Romania

Managed float since August

Russia

Managed float since December 1991

Restricted cutTent account

Slovak
Republic

Fixcdd (basket) since December

Current account: mostly free
Capital account: inflows mostly
free. outflows restricted

Slovenia

Managed float since October

Ukraine

Multiple exchange rates

1992

1992

1 992

1990
1991

Current account: mostly free
Capital account: inflows mostly
free, outtlows restricted

Current and capital accounts free
Not convertible

•The Czech Republic is considered as a continuation of Czechoslovakia.
b Depreciations occurred in March 1989 (5 percent), May 1989 (6 percent). December 1989
( I 0 percent), February 1990 (5 percent), January 1 9 9 1 ( 1 5 percent), November 1991 (5.8 per
cent) and then i n more frequent smaller installmems (three times and a total of 5.5 percent in
1992; 1 5 percent in five times over 1 993; and 16.8 percent in seven times in 1994).
<One devaluation ( 16.8 percent) in May 1992.
dOne devaluation ( 1 0 percent) in July 1993.
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Czech Republic, Hungary, Poland, Russia, the Slovak Republic, and Slove
nia, with partial results available for other countries). It represents an early
attempt at drawing systematic lessons from the short experience accumu
lated so far. The usual signals for determining a benchmark exchange rate
are missing: no track record of competition within an open trading system;
a brief history of current accounts responding to exceptionally sharp short
term movements in production, consumption, and investment; quickly
changing labor and other costs; and the redeployment of the entire structure
of the economy.
In challenging times, simple rules become naturally appealing and it is
perhaps unavoidable that purchasing power parity (PPP) be invoked at this
stage. Its logic is easily understood by policymakers and by the population
at large given the widespread use of foreign currencies.2 Unfortunately, in
this case more than ever, PPP is the wrong rule to fol low. It is well known
that PPP only holds under very restrictive conditions. These conditions may
be approximately verified among countries that undergo broadly similar
shocks3 but they are unlikely to be even remotely met in transforming
countries. Yet, rapid real exchange rate changes-real appreciation of l 0 to

20 percent a year-are quickly branded as a threat to competitiveness. We
argue to the contrary that these exchange rate appreciations usually
correspond to a return to a continuously appreciating equilibrium level.
So far there has been very limited effort to deal with questions such as,
what is the "proper" level of the exchange rate, and what is its "normal"
evolution over time? The answers have been mostly implicit, not based on
the kind of formal and data-based analysis that is common practice for more
economically stable countries. There are good reasons for this state of
affairs: reliable quantitative information is not available or of poor quality,
and covers a very short time period. It is also important that no theory of
the exchange rate in transition has yet been worked out. These difficulties
are obvious in the present paper and imply that the results presented here
are not definitive. Our goal, rather, is to contribute to a debate that has been
lively but, so far, mostly based on "soft" treatment of the data.

I. A Stylized Fact
Real Exchange Rate Behavior
Empirical studies of the exchange rate face two familiar hurdles. First,
nominal shocks temporarily affect the real exchange rate and move it away

2Sahay and Yegh ( 1996b) discuss dollarization extensively.
3For overviews of recent research. see Froot and Rogoff ( 1994) and Rogoff ( 1996).
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from equilibrium. Second, the real equilibrium exchange rate itself may
change in response to real shocks. Most transition economies have under
gone massive nominal shocks; transformation itself proceeds through a suc
cession of large real shocks. Our approach is first to identify the path of the
real equilibrium exchange rate (REER) and then to explain the evolution of
the actual real exchange rate about its equilibrium path.
Figure I presents the evolution of three measures of the real exchange
rates for a number of transition economies. The first measure is the CPI
detlated real exchange rate (A = PIEP*, where E is the exchange rate
defined as the domestic price of foreign currency, and P and P* are
the domestic and foreign consumer price indices (CPls), respectively).
The nominal exchange rate is the geometric average of the U.S. and Ger
man exchange rates. Similarly, the foreign CPI is the geometric average
of the U.S. and German CPis, in both cases using equal weights. The sec
ond measure is the ratio of nontraded to traded good prices (M = PNJP'').
It is approximated as the ratio of the CPI to the industrial price index,
with the same weighting scheme. Our third measure is the dollar wage
(Q = WIE). The dollar wage is a frequently used measure of the real ex
change rate4 because it avoids the "index problem." the fact that price
indices are not comparable across countries. In this figure and in the rest
of the paper, given our definition of the exchange rate, an increase repre
sents an appreciation.
The CPI-based real exchange rate (thereafter referred to as the real
exchange rate) exhibits strikingly similar features across all countries, irre
spective of the exchange regime. It appears to undergo an initial massive
depreciation (where available data exist). Eventually, once the macroeco
nomic situation is brought under control, it follows a trend of appreciation.
The total rate of real appreciation from the trough ranges from about 30 per
cent in Hungary to I ,000 percent or more in Russia. Albanja, Romania, and
Ukraine illustrate cases of setbacks along the way, with relapses into inflation
and in the setting up of market mechanism. Slovenia emerges as an outlier
with a stable real exchange rate.
The relative price of nontraded and traded goods generally follows the
same pattern although the trend rate of appreciation is lower than for the real
exchange rate. The exceptions are Russia, where the ratio actually depreci
ates, and Hungary and Slovenia, where the trend rate of appreciation is larger
4 Let N = WlEW* be the conventional wage-deflated real exchange rate. where W
and W* are, respectively. the domestic and foreign nominal wages. W/E = N if we
assume that W* is constant and nom1alized to unity. Note that we do not average
dollar and deutsche mark wages, as we do with the other exchange rates. The rea
son is that the dollar wage has become a highly recognized measure in the transition
countries.
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than for the real exchange rate. The dollar wage generally exhibits the same
behavior as the real exchange rate, including in the special case of Slovenia
once the dollru· wage rebounded from its January 1 992 collapse.5
The observed similarity across real exchange rate measures and across
countries is strildng and cannot be just a fluke. l t suggests the stylized fact
proposed in Figure 2. The figure presents our hypothesis. The actual real
exchange rate initially depreciates and overshoots its equilibrium path so
that there is at first a sizable undervaluation. Over time the real exchange
rate appreciates for two reasons. First, the initial undervaluation is gradu
ally corrected. Second, the REER itself appreciates as a result of the trans
formation process. The rate of equilibrium appreciation is higher the more
complete the market system is and the faster capital is accumulated.
Initial Undervaluation

Undervaluation occurs when markets are liberalized. It frequently results
from the abrupt depreciation that accompanies the end of a command econ
omy and the dismantling of previously prevailing multiple exchange rates.
Three explanations are possible.
First, a pent-up demand for foreign assets (previously reflected in the
black market premium) faces a negligible supply. Since the available net
stock of foreign assets cannot increase instantaneously in volume, market
equilibrium requires a price increase. The undervalued exchange rate, in
turn, allows for the net acquisition of foreign assets through current account
surpluses. Over time, correction from undervaluation leads to the closing of
the current surplus as the domestic stock of foreign assets rises to meet
demand at the equilibrium exchange rate.
Second, the freeing of prices in the presence of a monetary overhang is
met by a sudden burst of inflation. The associated flight from domestic cur
rency further exacerbates the demand for foreign assets, mostly foreign
cash. This disequilibrium situation also results in undervaluation.
Third, the return to some degree of convertibility raises a difficult policy
issue for untested authorities lacking credibility. This is further aggravated
by the ignorance of what is the appropriate-equilibrium-level of the
exchange rate (Berg and Sachs, 1992). In such a situation, the authorities
must decide whether to err on the side of over- or undervaluation. Prudence
suggests taking the risk of an undervaluation rather than taking the risk of
being unable to sustain convertibility.
5Note that the figure exhibits the dollar wage itself, not an index. As a result, the
scale (shown on the right venical axis) is often different from that used for the two
relative price indices (shown on the left axis).
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2. The Stylized Facts

Real exchange rate

Time
Process of Real Appreciation
Following the initial drop, the real exchange rate subsequently appreci
ates for two reasons. First is the correction of the initial undervaluation.
Second, the REER itself embarks on a path of trend appreciation likely to
last for several years. This prediction is based on the following six reasons.
First, rapid productivity gains are expected when formerly inefficient
economies respond to market forces. Firms that used to maximize output
and/or employment now shift toward profit maximization. The resulting
deep overhaul of the economy includes an end to overmanning and the
closure of activities that are not profitable at world prices. The visible out
come is a dramatic reduction in the size of industry and agriculture and the
development of the service industry. The mere emergence of services
(banking and finance, management consulting, marketing, etc.) is likely to
raise aggregate effectiveness considerably. Once income is rising again,
demand for nontradables increases and results in real appreciation.6
Second, if productivity gains are higher in the traded than in the non
traded good sector, the REER appreciates as predicted by Balassa ( 1 964)
and Samuelson ( 1 964). This pattern of "normal" development may be
seen as contradictory to the rapid emergence of a service sector, as just
noted above. They are not mutually exclusive and may occur together or
sequentially.
Third, as argued in Coorey, Mecagni, and Offerdal ( 1 996), transition
economies inherit a set of natural resource prices considerably below world

6For a formal analysis of demand effects on the real exchange rate. see De
Gregorio, Giovannini, and Wolf ( 1994).
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prices. Similarly, public utility prices also used to be set low and govern
ments are worried about upselting un�table public support by raising these
prices. This leads to low nontraded good prices. The situation is not sus
tainable. though. When these prices are raised to match production cosb,
the real exchange rate appreciates.
Fourth, public spending changes in its structure but does not necessarily
decline in the aggregate, and an appropriate welfare system has to be built
As the private sector becomes more productive, social returns from public
investment ( infrastructure and environment, for example) rise and warrant
higher public spending. Tax income must. at the very least, be maintained.
Yet firms can no longer provide most of government revenue: the very high
rates of corporate taxation inherited from central planning become highly
inefficient and receipts quickly shrink.7 Where tax reform is implemented,
personal income taxation and VAT become the dominant source of fis
cal income. Such a deep overhaul is bound to affect a wide array of rela
tive prices. The exact effect on the real exchange rate is ambiguous,
though. Still. nonmonetary financing of public deficits is likely to lead to
real appreciation via high real interest rates.
Fifth, very high potential returns on capital justify accumulation at a rate
that exceeds domestic savings. Foreign investment tends to produce a real
exchange rate appreciation best understood as a permanent or equilibrium
change. Given the timing or effects, capital inflows and the attendant real
appreciation occur before capital is put in place and productivity rises.
Finally, locally produced traded goods were initially of poor quality and
poorly marketed. As firms learn to operate on world markets, the terms of
trade are likely to improve.

11.

Real Equilibrium Exchange Rate: A Framework

At a very general level, the exchange rate is at its equilibrium level when
the economy is simultaneously i n internal (output, employment, inflation)
and external (cunent and capital account) equilibrium. Internal equilibrium
can be said to occur when the nontradable good market clears in the current
period and is expected to do so in the future (see. e.g., Edwards, 1 989),
while external equilibrium occurs when current account balances are
compatible with sustainable capital flows (see, e.g., Williamson, 1 985).
For the practical purpose of determining the REER, three main difficul
ties arise. First, there is no unique definition of the real exchange rate
(Figure I proposes three different relative prices). Second, the REER mat7 For an extensive analysis of the cyclical and structural reasons behind the rapi d
fall in tax income. sec Bclangcr and others ( I 994).
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ters so much because it interacts with a wide number of important variables:
competitiveness, the allocation of resources across industries, the pattern of
spending, and intertemporal transfers of incomes through current account
imbaJances. Data for many of these variables are not available for the tran
sition economies. or exist only for very short samples. Third, and to make
matters worse, these variables are better seen as jointly endogenous with
the real exchange rate itself. As a consequence, the list of variables of poten
tial interest, and the precise effect of each of them on the REER, depends
on a particular model. For example, a real appreciation may be explained
by a loss of competitiveness if domestic costs and prices exogenously rise
faster than the exchange rate. But it might just as well be the endogenous
response to an improvement in competitiveness, such as an exogenous
increase in world demand for domestic output.R
In the absence of an adequate model of the exchange rate during transi
tion, we proceed by clarifying the links between our three measures of the
real exchange rate and by providing a framework that accounts for the
sources of changes in the REER. Using lowercase letters to represent logs
(e.g., A. = lnA), we have

A. =

e

+ p - p*

( I)

T
N
).1 = P - P

(2)

w = e + w - w*,

(3)

where p and p* are, respectively, the domestic and foreign consumer price
indices: w and w*. the nominal wages at home and abroad: pN and pr. the
price indices for nontraded and traded goods: and e, the nominal exchange
rate defined as the foreign price of domestic currency. In the presence of
price and wage stickiness, all these measures are likely to be affected
by both nominal and real disturbances. Overlooking for now nominal
disturbances, we concentrate on the sources of Auctuations of the REER.
Let the CPI be p = y pN + ( I - y) pr. Initially at least, domestically pro
duced traded goods are of poor quality and poorly marketed. As they sell at
a discount on world markets, the law of one price does not apply. We
assume that

PT = K + p* -

e,

(4)

N Lipschitz and McDonald ( 1992) correctly suggest that international competi
tiveness is best captured by measures of producer profitability (the ratio of relative
producer prices or value-added deft ators to relative labor costs). Unfortunately . such

data are not available for the transition countries.
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where K can be thought of as a measure of "quality." presumably rising over
time.9 "Quality" must be understood in a wide sense: it includes market
power and the ability to differentiate domestic products on both domestic
and foreign markets. Initially, we assume K < 0. Then we obtain

A = K + y J.l.

(5)

Optimjzing firms set the real wage equal to the marginal productivity of
tabor. As this may not be a realistic description of the early phase of tran
sition, we allow for a more general formulation:

wT = PT + PT + aT
wN

=

PN + PN + aN ,

(6a)
(6b)

where pi is a measure of excess wages and ai is (the log of) marginal pro
ductivity of tabor in sector i (l = T, N).
Finally, we allow for wages to differ, possibly temporarily, across sectors:

( 7)
With these notations, we get

J.L = 9 + pT pN + a T aN

(8a)

A = K + y 9 + y(pr - pN ) + y(aT - aN ) .

(8b)

The four terms in equation (8b) illustrate four reasons why we might
observe a real exchange rate appreciation:
I . Domestic producers of traded goods improve the quality K of their
products. This effect results in an improvement in the terms of trade.
2. Wages in the nontraded good sectors rise relative to wages i n the traded
good sector. Initially, wages in the fast growing and often informal
nontraded good sector (new services, imports of foreign goods) are
lower than those in the traditional (industry-based) trad.ed good sector.
Over time, the gap should be closed under the combined pressure of
trade union activity and competition for expert manpower in the pre
viously neglected service industry.
3. Initially, wages far exceed productivity in the traded good sector (pT >
0), while the margin is nil, or even negative, in the nontraded good sec-

9We assume away the distinction between traded and nontraded good prices
abroad. A symmetric treatment would lead to the followin version ofequation (8b)
R as in De Gregorio, Gio
below: A.= K + ye + y(pr- pN) + y(ar- aN) - y*(a*r- a*")
vannini, and Wolf. 1994. We adopt the small country assumption because we do
not have data on the "foreign country" to match the productivity terms a*r and a*N.
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tor (pN $ 0). The subsequent correction of these imbalances leads to a
real appreciation as prices in nontraded goods absorb the rise in costs.
4. The Balassa-Samuelson effect predicts a real exchange appreciation
when productivity in the traded good sector increases faster than in
the nontraded good sector.
Finally,
w = p + ( a - a*) + A.,

(9)

where a and a* are, respectively, the aggregate marginal productivity of
labor at home and abroad, and p is the aggregate excess of wages over labor
productivity at home (it is assumed that p* = 0).10 The dollar wage is equal
to 3 if we assume that the foreign wage is constant and normalize it to unity
(so that w* = 0). An important implication of equation (9) is that w and the
dollar wage are functions of aggregate productivity, in contrast with price
based real exchange rates, which relate to sectoral productivity differentials.

lll. Equilibrium Dollar Wages
Methodology and Data
This section provides estimates of the REER. Usually. the real exchange
rate is found by determining a benchmark period during which the actual rate
is believed to be in equilibrium. One may then track down the evolution of the
equilibrium rate over time. The main advantage of this method is that it does
not require international comparisons of price levels: easily available national
price or wage indices can be used. In the case of transforming countries, this
method cannot be used because of the absence of relevant history and because
exchange rates and prices were not governed by market forces before 1989.
Our approach is based on international wage comparisons. We do not
attempt price comparisons, even though some are available from the Heston
Summers ( 1 99 1 ) "International Comparison Program" (JCP), first, because
the dollar wage is closely monitored in all transition countries and is familiar
to analysts and policymakers, and second, because it is available without
delay at a monthly frequency. The ICP measures are unsuitable for policy
purposes since they are only available at a five-year frequency and with a con
siderable lag. Yet, dollar wages suffer from a number of defects, in particu
lar the fact that the definition of tabor costs varies widely from one country
to another. This is particular!y so in transformj ng countries, where direct labor
10We define aggregate variables as x = yxN + ( I - y) xT, for x =a, p. There is no
compelling reason to use the same weight y as for the CPl. The more general case
is straightforward and qualitatively identical.

©International Monetary Fund. Not for Redistribution

442

LASZL6 HALPERN and CHARLES WYPLOSZ

costs used to be only a portion of total costs given the "social function" of
firms.11 These caveats must be kept in mind when assessing our results.
In order to search for estimates of the equ i libri u m dollar wage, we for
malize the popular rule of thumb that consists of comparing a transforming
country's dollar wage to the dollar wage in relevant countries, where rele
vance is defined as broad similarity in terms of the stage or development.
We make this process systematic by bringing to bear all the countries of the
world for which we can assemble adequate data.
The choice of data is guided by equations (8) and (9). Attention is
directed to ( I ) a number of indicators of economic effectiveness ("quality,"
K; the gap between sectoral wages, 9; and aggregate excess wage, p);
(2) aggregate productivity, a; and (3) differences in productivity and effec
tiveness across sectors (aT- aN and pr- pN). Sectoral productivity and effec
tiveness data are not available for most countries. Aggregate (average)
productivity i s trivially measured as GDP per worker. The choice of prox
ies for the other terms follows from the large recent literature on growth
catch-up (see, e.g., Barro and Sala-i-Martin, 1995). Human capital (usually
proxied by education, i.e., investment in human capital), the size of govern
ment, and the size of the agriculture sector have been found to be convincing
explanatory variables of economic effectiveness.
The dollar wage is estimated pooling time series concerning 80 countries
from all five continents listed in the Appendix. For each country we include,
whenever available, five observations taken five years apart ( 1 970, 1 975,
1 980, 1985, and 1 990). This allows us to exploit the long-run growth effects
on the dollar wage while keeping data collection manageable. The measure
of aggregate (average) productivity, GDP per worker, is provided by the
ICP database updated on the lnternet: 12 this source offers comparable PPP
adjusted measures of GDP.1' For the dollar wage we use wages and aver1 1 A "normalization" is under way but this contributes to pollution of the data.
Furthermore, it proceeds at different speeds from one country to another.
1 2See Summers and Heston (1991).
nThe use of PPP-adjusted GDP figures suggests another interpretation of our
procedure. Our regresston can be written as

WIE = a( YIL)Ill + . . . = a(Y/WL) ( Will) +

.

.

.

•

where Y is nominal GDP, L is employment, 11 is the PPP exchange rate, and the dots
represent the other variables suggested by equations (8) and (9). Let �1 be the value
of the real exeha��e rate in a benchmark period; then 11 = �1(PIP*). If
the wage share W
LI Y is constant, the regression becomes

WIE = a'( Will) + . . ., where a'= a(WL!Y).

This looks like regressing liE on 1111, that is, directly testing for PPP, which avoids
introducing the often improperly measured wage variable. We did not adopt this
approach because we are unwilling to assume a constant wage share in the early
phase of the transition. We thank Timothy Lane for pointing out the similarity
between the two procedures.
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age hours of work from the ILO Statistical Yearbook (various issues) and
convert into average monthly wages.'"' The conversion to U.S. dollars is
done using average exchange rates from the IMF's International Financial
Statistics. Education is measured as the proportion of the population of
school age in secondary schools from the World Bank's Social Indicators
ofDevelopment ( 1 995). The same source is used for the ratio of agriculture
to industrial output and the share of government spending in GDP. The
number of observations (country and date coverage) is determined by data
availability and is presented with the results.
The wide fluctuations of the dollar during the sample period have the
effect of introducing spurious f�uctuations in dollar wages. For example, at
the height of the dollar's value in 1985, dollar wages were much lower than
in 1980 or 1 990. For this reason we use year-specific dummy variables. In
addition, to allow for a secular trend in dollar wages worldwide, we intro
duce a linear trend (all variables are estimated in log form).
Pooling data over a large number of countries assumes that the same
process drives the dollar wage worldwide. To test for this assumption we
have extensively searched for regional effects. We look for both fixed and
variable effects using dummies for the following country groupings:
OECD, Africa, Southeast Asia, Latin America, and transition economies.
We have also explored individual country effects, with particular attention
to formerly planned economies.
Results

In interpreting the results, we consider that departures of actual dollar
wages from equilibrium are temporary and captured by the error term.
Equivalently, we assume that the fitted values of the regression provide an
estimate of equilibrium dollar wages. This requires care because of the pos
sibility of persistent or systematic deviations from equilibrium. In particu
lar, many countries in our sample have experienced very high, and some
times sustained, inflation during the period under review. To account for
possible short-term nonneutralities, we have added the inflation rate as a
regressor. However, we do not consider inflation as a determinant of the
equilibrium dollar wage.
Table 2 presents the regression results. We only report the significant
coefficients, once the nonsignificant ones have been purged. All variables

14The ILO Statislica/ Yearbook does nol always provide monthly wages: in some
countries it publishes instead hourly, weekly, or annual wages. We therefore need
infom1ation to converLLhem into monthly wages. In many cases, we have requested
information from the IMF country desk economist.
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Table 2.

Simple OLS
(I)

Dollar Wage Equarion

Fixed country
effect i n
constant

Fixed country
effect in slopes

Combination
of (2) and (3)

(2)

(3)

(4)

GDP per worker

0.63
(5.69)

0.39
(3.76)

0.28
(2.87)

0.38
(3.92)

School enrollment

0.0032
( 1 .46)

0.0067
(3.4 1 )

0.008 1
(3.07)

0.0100
(4 92)

Agriculture/industry
Share of government
Inflation
Trend

-0. 1 9

.

-0.14
(-1 .94)

(-3.78)

-0 . 1 2
(-2. 10)

-0.10
(-1.93)

0.62
(5.08)

0.26
(3.13)

0.49
(4.48)

0.33
(3.86)

-0.0025
(-3.53)

(-1 .99)

-0.001 4
( - 1 .8 1 )

-0.00 1 6
(-2.07)

0.28
(8.6 1 )

0.29
( 1 2.94)

0.28
( 1 1 .24)

0.28
( 1 2.23)

0.64
(5.86)

0.06
(3.25)

(2.98)

- 1 .30
(-8.04)

-0.16
(-2.85)

-0.17
(-3.06)

0.53
(3.98)

0.04
(2.28)

0.08
(5.69)

0.18

0. 1 2
(3.6 I )

0.10
(5. 1 1 )

OECD
Planned economies
Africa
Latin America

-0.0020

(I .87)

Southeast Asia

0.05

-0.24
( - 1 .97)

Bulgaria

1 .04
(3.87)

Czechoslovakia

0.42
(2.58)

Hungary

0.58
(3.7 I )

Poland

1 .02
(2.85)

Romania

0.80
(2.58)

U.S.S.R.

1.25
(5.18)

Adjusted R2

0.75

0.91

-0.39
(-2.94)

0.84
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Simple OLS
(I)

Standard error

0.58

Number of observations 203
Ramsey reset

23.82**

445

(concluded)

Fixed country
effect in
constant
(2)

Fixed country
effect in slopes
(3)

Combination
of (2) and (3)
(4)

0.34

0.47

0.34

203

203

12.50**

3.12*
79.3**

Jarque-Bera normality

8.17*

1.99

White heteroscedasticity

0.84

3.03**

203

0.68

8.87**
5.51
2.93**

Notes: All variables are in logs except school enrollment and inflation, which are in
percent. r- statistics are in parentheses. Hetcroscedasticity-consistent standard errors and
covariance. One asterisk and two asterisks indicate significance at the 5 percent and I per
cent confidence level, respectively. Not reported: constant, nonplanncd-economy country
dummies. Year dummies: ( I ) 1975: 0.21 ( 1 .88), 1980: 0.41 (3.92); {2) 1975: 0.15 (2.04),
1980: 0.36 (6.29); (3) 1975: 0.19 (2.1 1). 1980: 0.40 (4.93); (4) 1975: 0.14 (2.07), 1980: 0.37
(7.09). In regression (3), regional dummies have been interacted with right-hand-side vari
ables. The significant terms concerning GDP are reported in the table in the dummy lines.
Other significant terms are school enrollment interacted with planned economy: 1 .35 ( 2. 1 1 );
with Latin America: - 1 .73 (-2.96); Agriculture/industry interacted with OECD: -0. 1 7
(-2.27). In regression (4), regional dummies have been added as constant and interacted
with right-hand-side variables. The significant interacted terms concerning GDP are
reported in the table. Other significant terms are school enrollment interacted with planned
economy: 1.42 (2.17); with Latin America: - 1 .42 (-3.89); Agriculture/industry interacted
with OECD: -0.1 5 (-2.22). Fixed country effects are not reported but few were actually sig
nificant; the only planned economy dummy with a significant coefficient is Czechoslova
kia, as reported in the table. Countries used are as follows: Algeria, Argentina, Australia.
Austria, The Bahamas, Bangladesh. Barbados, Belgium, Bolivia, Botswana, Brazil. Bul
garia, Burundi. Canada. Cameroon. Chile, China. Colombia, Costa Rica, Cote d'lvoire.
Cyprus, Cz�hoslovakia, Denmark. Dominican Republic, Ecuador. Egypt. El Salvador, Fiji,
Finland, France, The Gambia, West Germany. Ghana, Greece, Guatemala, Guyana, Hon
duras, Hungary, India, Ireland. Israel. Italy, Jamaica. Japan, Jordan, Kenya, Republic of
Korea, Luxembourg. Malawi, Mexico. Morocco, Myanmar, Netherlands, New Zealand,
Nicaragua. Nigeria. Norway, Pakistan. Panama, Papua New Guinea. Paraguay, Peru. The
Philippines. Poland. Portugal, Romania, Sierra Leone, Singapore, South Africa, Spain, Sri
Lanka. Sweden, Switzerland, Syrian Arab Republic, Tanzania, Thailand. Tonga. Turkey,
United Kingdom, United States. USSR. Venezuela. Western Samoa, and Yugoslavia.

are in Jogs except the school enrollment ratio and the inflation rate, which are
in percent. The first column presents the raw results, which assume that all
coefficients' elasticities are the same in all countries. The second column
allows for fixed effects. With (at most) five observations per country, it is
impossible to allow for single country dummies. Instead, we looked for sig
nificant "regional dummies," lumping together the OECD countries, the
centrally planned economies, Southeast Asia, Africa, and Latin America,
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leaving out the Asian countries as the residual. Given the paper' s focus, we
have scrutinized more carefully the role of country dummies for formerly
planned economies. Other country dummies have been tested one at a time;
several of them tumed out to be significant but are not shown. We report the
result of the search that exhibited the best overall performance in terms of the
standard tests reported at the bottom of the table (normality, heteroscedas
ticity, stability). Column (3) reports tests of the assumption that elasticities
are identical. For that purpose, we have interacted the regional and country
dummies with each coefficient. Again, we only report the significant terms.
Finally. column (4) tests for both fixed and slope effects.
The results accord with common sense. The coefficients are generally
estimated quite precisely and are robust from one specification to another.
The main limitation comes from specification tests: for simulation purposes
we will use regression (3), which passes at the I percent confidence level all
tests except for normality.15
The size of agriculture relative to industry is a standard measure of devel
opment: a I 0 percent decrease in this ratio raises the dollar wage by I to 2 per
cent. The growth-enhancing role of government spending has been recently
studied in the endogenous growth literature (Ban·o and Sala-i-Marti n, 1 995).
Our results are in line with previous estimates: a 1 0 percent increase in the
size of government raises wages by 3 to 6 percent. This effect is interpreted
as measuring the effect of public services and infrastructure on aggregate
productivity. Yet, public spending could also be a source of inefficiency.
especially in planned economies. We have tested and rejected the hypoth
esis that the coefficient of the govemment variable is different (and nega
tive) for the planned economies.
l n column ( I ) of Table 2, the estimated effect of GDP per worker on
the dollar wage is large, but it declines when we use regional and country
dummies, suggesting that this variable partly works as a proxy for
country-specific effects. Conversely, the effect of investment in human
capital-measured here as secondary school enrollment-rises as we
introduce the regional and national dummies. Both effects are clearly
established. Finally. it may be noted that 1 0 additional percentage points
of inflation reduce the dollar wage by 1 .5 to 2.5 percent, a powerful effect
to which we return below.
The role of the regional dummies is interesting.16 Unsurprisingly. we find
that being in the OECD group brings in a dollar wage premium of about 90
percent (regression (2)) or raises by 6 percent the effect of productivity
(regression (3)). Si milarly, being a planned economy is found to bring a
15Given the size of our sample, the rejection of nom1ality is unlikely to indicate
serious misspecification.
160nce we allow for slope effects, Lhere is no significant fixed effect.
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discount of about 70 percent. or to reduce the effect of productivity by 1 6
percent. Presumably, this captures unmeasured effects like infrastmcture.
the stock of human capital. possible network externalities, and inefficient
use of resources, and intangible assets such as the legal and political sys
tems. Regression (3) offers an i nterpretation of the channel through which
these regional specificities operate. The positive effect of secondary educa
tion is stronger in the planned economies than in the rest of the world, which
is compatible with the view that planned economies combined an inefficient
capital stock (hence a comparatively low productivity of labor) with an
efficient school system.17
Estimates of Equilibrium Dollar Wages

We use regression (3) of Table 2 to generate estimates of the equilibrium
dollar wage. Under the assumption that temporary deviations of actual from
equilibrium wages are captured by the error terms, it is appropriate to use
the regression to predict a country's equilibrium dollar wage using its indi
cators of economic and social development. Table 2 shows that inflation
exerts a significant negative influence on the dollar wage. Under the
assumption that inflation is neutral in the long run,18 it should not affect the
equilibrium dollar wage. But inflation may exert permanent effects, for
example through market inefficiencies and dollarization. The literature gen
erally supports the view that inflation is nonneutral.19 Our procedure is to
keep the inflation term i n our simulations, but to set it at a constant bench
mark level, a presumed permanent rate of inflation of I 0 percent.20
The simulation results are shown in Table 3 for 1 990, or the latest
available data used for the estimation. The regional and country dummy vari
ables capture special conditions that make a particular country different from
the international norm. To predict the dollar wage at the outset of the transi
tion period, we include in column (4) the planned economy dummy. To
17The negative sign for Southeast Asia supports the result by Young ( 1994) that
these countries' output has grown fast not because of gains in total factor produc
tivity but because of fast. and not particularly efficient, increases in the use of
inputs. This interpretation applies even more strongly to the planned economies.
The positive value for the African dummy is more difficult to interpret. lt might cor
respond to the opposite effect: while inputs grow very slowly. scarcity leads to a
more efficient use. Clearly. more research is called for to elucidate these results.
18The measured short-run effect may correspond to such inflation effects as
ca ital flight and exchange rate overshooting.
9For a recent contribution and more references. see Dotsey and Ireland ( 1996).
20Sensitivity analysis is straightforward: Table 2 shows that setting the
benchmark inflation rate at 0 percent (20 percent) raises (lowers) the estimated
equilibrium dollar wage by 1.4 percent, a trivial amount.

�
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Table 3.

Acwal and Estimated Dollar

Wages

Equilibrium

No dummy

With planned
economy
dummy

With OECD
dummy

(2)

(3)

(4)

(5)

Actual
dollar wage
Year
Bulgaria

1990

139

298

186

599

China

1990

36

129

67

221

Czechoslovakia

1990

177

402

280

934

Hungary

1990

176

254

174

505

Poland

1990

105

241

181

545

Romania

1990

140

278

238

552

U.S.S.R.

1 985

203

227

192

435

Russia

1 990

173

357

294

694

Croatia

1990

144

360

252

729

Slovenia

1990

500

485

339

1 1 84

Sources: Actual wage (average) : IMF: Equilibrium: authors' calculations from
regression (3) in Table 2.
Note: For Croatia and Slovenia, we use the equation estimated for Yugoslavia.

predict the dollar wage that would emerge under "normal" conditions, we
set the dummy equal to zero in column (3). Finally, if we believe that the
OECD countries represent the correct reference, we include in column (3)
the OECD dummy variable.21 Taking as reference the estimates obtained
using the planned economy dummy, in 1 990 the actual wage (column (2))
was below equilibrium for most countries (Bulgaria, China, Croatia.
Czechoslovakia, Poland, Romania, and Russia). This may reflect underval
uation, mismeasurement of labor costs. overestimation of the performance
indicators (in particular the PPP-adjusted GDP), or a distribution of income
skewed toward the shareholder, that is, the state. Hungary appears to be at
equilibrium if we use the planned economy estimate; it is below equilibrium
if we consider that it had already covered some of the distance between the
command system and a market economy. Only Slovenia appears to be
clearly overvalued, but it must be remembered that the estimate is based on
data for the whole of the former Yugoslavia.
Figure 2 shows both in-sample ( 1 970-90) and out-of-sample ( 1 99 1-96)
annual forecasts estimates for the period 199 1-96. For the latest period, we
2 1 l n regression 3, this dummy appears significantl y when interacted with the GDP
variable and with the relative shares of agrc ul ture and industry in GDP (see the
notes to Table 2 for details).
i
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use differem data, some of which are forecasts from various sources.22
Along with the actual dollar wage ( W) displayed in column (2) of Table 3,
the figure presents two estimates of the equilibrium level: Wl, which
corresponds to the normal situation (no dummy variable as in column (3)
of Table 3) and W2, which uses the planned economy dummy (as in column
(4)). We regard Wl as an upper bound for the equilibrium wage, to be
reached once most of the market economy institutions are in place and func
tioning smoothly. We regard W2 as a lower bound, which corresponds to
the starting situation. The actual equilibrium dollar wage is presumed to lie
in between, gradually rising from the lower to the upper bound as transfor
mation takes place. Eventually, the equilibrium dollar wage will correspond
to the OECD case, but we do not show the corresponding estimate.
According to these estimates, with the exception of Slovenia and Hungary,
all countries started the transition process with a significantly undervalued
exchange rate. Along with the ensuing gradual narrowing of the gap, this
confirms our stylized fact presented in Figure 3. Those countries that have
been more determined in adopting market-enhancing measures and stabiliz
ing the macro economy (the Czech Republic and Poland) by now have dol
lar wages close to the lower bound. that is, not very far from equilibrium. The
same applies to Croatia. Hungary has let the actual dollar wage trail behind
its equilibrium level. In Russia, the massive fall of the actual dollar wage is
entirely explained by inflation. More generally, if we reestimate the equilib
rium wage using historical inflation rates instead of the "steady-state" rate of
I 0 percent (see the Appendix), we can explain the initial undervaluation with
the burst of price increases in Bulgaria, Croatia, Poland, and Russia.
We conclude that by 1 996 the real exchange rate is in the neighborhood
of equilibrium in Croatia, the Czech Republic, Poland, Slovenia, and
possibly Hungary. Undervaluation most likely still characterizes the other
countries in our sample. Needless to say, the results presented in this sec
tion need to be considered with great prudence. This applies particularly in
the successor countries of the former Yugoslavia and Czechoslovakia.

IV. Dynamics of the Equilibrium Exchange Rate
Methodology

The previous section offers estimates of the path of the REER. It does not
provide an explanation for the path of the actual real exchange rate during
22 Most data have been provided by lhe IMF. For 1995 and 1996. as well as for
PPP-adjusted GDP. we have used PlanEcon estimates.
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Figure 3.
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the first years of transition. This section uses higher frequency (monthly)
data to test whether the real exchange rate has been moving toward equi
librium as postulated by the stylized fact. The strategy for studying the evo
lution of a variable about its equilibrium level is the error-correction-model
approach, whereby a (cointegrating) equilibrium relationship is embedded
into a dynamic specification. We adopt this modeling strategy but we
emphatically do not pretend to capture cointegration over the brief sample
period available (less than five years). In fact, we do not even test for sta
tionarity of the variables.23 Accordingly, we assume that the long-run rela

tionship characterizing the real exchange rate A. (or )1) is

A

=

13 X,

( 1 0)

wherex is a vector of real variables explaining the REER as in equation (8).
If in addition, in the short run, off-equiubrium, the real exchange rate

responds to the vector z of nominal and real temporary disturbances, includ
ing lagged changes in

A. and x, the error-correction-model (ECM) equation

to be estimated is

dA.,

=

-cx[A.,_J - 13 x,_J J + <I> dz,_J + E , .

(1 1)

The coefficient ex, which comes in front of the once-lagged "cointegrating

factor," describes the speed of adjustment toward equilibrium and is the one

of greatest interest.
We present results for all three measures of the real exchange rate shown
in Figure 1 (the doubly deflated nominal exchange rate

A., the ratio of non

traded to traded good prices )1, and the dollar wage). The choice of variables

in x and z is dictated partly by data availability, and partly by the accounting

framework presented in Section I l .

The variables to be collected in x are those that affect the REER. Most of

them are not directly observable or available. This is particularly the case

of sectoral level data such as the Balassa-Samuelson term (ar- aN). Using
equation (6) and the definition of aggregate productivity, equation (8b) can
be rewritten (in logs) as

( 1 2)
Two of the right-hand-side variables can be matched reasonably well by
existing data: the real aggregate producer wage ( w - p) is measured as (the

23 As reported in Rogoff ( 1996), tests of PPP indicate that the convergence of the
exchange rate toward its equilibrium (assumed to be PPP in most studies) is very
slow, with a half-life of three to five years.
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log of) the ratio of the average wage to the wholesale or industrial price
index (depending upon data availability), although the nontraded good sec
tor is likely to be underrepr�sented. Marginal labor productivity in the
traded good sector, ar, is approximated by average labor productivity in
industry. The other terms capture distortions of the transition economy. In
the present formulation we expect K ("quality") and e (the wage gap wN
wr, which we believe is negative) to increase as transition progresses. We
have less intuition for the other terms, for which data do not exist, and resort
to available data that may measure economic distortions, noting the risk of
collinearity with productivity in industry.
Given the extreme brevity of the period under review, we use monthly
data and increase the sample size by pooling data across all countries. Our
choice of indicators of distortions is a compromise between theory and data
availability. To capture distortions in the financial and banking system, we
use the spread between the lending and deposit interest rates (iL - i0). In prin
ciple, a large spread corresponds to a poorly functioning financial system,
although it may also signaJ a liberalization of the market. In fact, in many
countries the spread has declined with liberalization and the elimination of
inflation. Another potentially useful indicator is the velocity of money. This
variable has been included but turned out never to be significant, maybe for
the reasons discussed below. Distortions in the labor market are measured
by the level of employment and by the rate of unemployment. Given the ini
tially high levels ofemployment in centrally planned economies, labor force
participation was expected to decline as personal preferences should lead
some to choose to stay at home. Declines in employment, L, and the rise of
unemployment, U, may also reflect the end of the practice of overmanning,
which resulted from the employment guarantee offered by the state through
firms that did not operate for profit.24 These indicators are bound to be noisy
because they are also affected by traditional macroeconomic factors.
The variables collected i n the vector z correspond to temporary influences
on the real exchange rate. This suggests looking mainly at nominal vari
ables, representing monetary and fiscal policy. The log of money was found
not to enter significantly. There is no monthly indicator of fiscal policy so
we use instead the lending interest rate, implicitly assuming a reduced form
in the IS-LM tradition. The nominal exchange corresponds to the transitory
effect of nominal exchange rate changes on the real exchange rate as in
Edwards ( 1 989). Finally, inflation was found in Section I l l to affect the reaJ
exchange rate. Yet we cannot use it as a regressor here. Looking at equa
tion ( 1 1 ) , we note that the regressand cD.. includes both inflation and the rate

24 When the size of the labor force undergoes a rapid decline, employment and
unemployment do not move systematically in opposite directions and can therefore
be treated as two distinct regressors.
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of exchange rate depreciation. When the rate of exchange rate deprecia
tion-de-enters as a regressor, inflation cannot be used simultaneously on
the right-hand side.25

Data
The data used in this section are unpublished, provided by the IMF's
European I Department, which forewarns us that reli abi l ity is not gua
ranteed. Cross-section time-series estimation requires that data be compa
rable across all countries in the sample. This limits our investigation to six
countries: Croatia, the Czech Republic. Hungary, Poland, the Slovak
Republic, and Slovenia. For each country, the starting date has been chosen
to eliminate the initial high inflation episode. The end date is dictated by
data availability.
A number of dummy variables are designed to account for sharp and
clearly identified policy changes likely to affect the real exchange rate inde
pendently of the other variables : this concerns primarily major changes in

1 992 for Croatia
1 993 for the Czech Republic and
Slovakia (introduction of VAT); July 1 993 for Poland (introduction of VAT)
and Slovakia (increase in indirect taxation); February 1992 for Sloverua (tax
either taxation or tariffs. The dates chosen are: October
(introduction of sales tax); January

reform). We also use monthly dummies to remove seasonal factors.

Results
Given our choice of variables, the equation to be estimated is found upon
( 1 2) into ( 1 1 ):26

substitution of equation

d)._ ==
where

w

c - ap,._t + Ct (w_t - Pr-1 ) - c2 (Y - 0-t + c3 (iL - io)_1

( 1 3)

is the log of the average wage; py, the log of the industrial price

index; y, the log index of industrial production; /, the log of employment;

u,

the log of unemployment;

de,

the rate of appreciation, and it and

respectively, the credit and deposit interest rates. Vector

dz;_ 1

i0,

includes all

250f course, we could replace de with lhe rate ofinflation, but this would be exactly
lhe same regression. This observation may also explain why lhe velocity of money is
not significant. Being strongly influenced by the rate of inflation, velocity may just be
a proxy of inflation, which is highly collinear with the rate of depreciation.
26He.re we use A.. Looking at equations (8) and (9), i t can be checked that the
expressions for 11- and ro are similar. Indeed, Jl only differs from A. by lhe "quality"
parameter K, while ro includes aggregate productivity and the wage distortion
factor p.
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lagged changes of the dependent and of all variables that appear inside the
squared brackets.
The speed of adjustment term, a:, and the other coefficients, c, are
expected to be positive. According to equation ( 1 2), increases in the real
producer wage lead to a real depreciation, while productivity has the oppo
site effect. Although we have found some theoretical ambiguity, we expect
that the distortion terms are such that when the corresponding distortion is
reduced (l down, u up, iL - i0 down), the REER appreciates. The terms de
and diL capture monetary and fiscal policy disturbances. The estimated
equation follows from equation ( 1 3):
cfA

=

c - a:A._, - c) ( w,_, - Pr.1-1) + c2 (y - I ),_, - c3 (iL - io) ,_,

( 1 4)

where c� = a: C;.
Table 4 presents the results. The coefficients for the constant and the
various dummy variables are not reported. For each of the three real
exchange rate measures we present two regressions: in columns ( 1 ), (4),
and (6), we estimate equation ( 1 4 ) directly as shown and add country
specific dummy variables to test for fixed effects. In columns (2), (5). and
(7), we further test for country-specific estimates by interacting the coun
try dummies with the right-hand-side variables. In each case, as the result
of an extensive search, we have eliminated the nonsignificant entries. At
the bottom of the tables we report those country-specific slope coefficients
that are significant. Because most of them concern Croatia, we present in
column (3) a regression based on data excluding this country.
In a rigorous interpretation of the rests, only the regressions reported in
columns ( I ) and (7) can be accepted as free of misspecification. Yet most
parameter estimates are stable across specifications. The goodness of fit is
highly satisfactory given that data are both cross sectional and time series.
The residuals often exhibit heteroscedasticity and nonnormality.27 That a
simple formulation, imposing identical coefficients on all countries in the
sample, explains a surprisingly large proportion of total variance supports
27 No reliable methodology is available to test stationarity in the panel estimation
of an error correction model. For this reason it is not possible to properly test for
cointegration. However, the real exchange rate, the real producer wage, tabor pro
ductivity, employment, and unemployment are cointegrated, which gives some
support for the estimation method used here. Columns ( 1 ) and (7) show that the
intuitive panel estimation of U1e error correction mechanism should not be rejected.
Misspecification systematically emerges when we interact the regressors with coun
try-specific dummy variables. Heteroscedasticity must be assumed for our hetero
geneous sample. The usual treatment-weighted ordinary least squares (OLS),
using standard errors from single country estimations as weights-was tried but did
not help.
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the working assumption that the same forces systematically affect the real
exchange rate during the early transition phase under review.
The pattern of coefficient signs across the various regressions does not
fully conform with our priors in equation ( 1 4). Productivity in the traded
good sectors appears with the correct sign for A and Jl, but not for the dollar
wage. Conversely, the coefficient of the reaJ producer wage has the correct
sign for Jl and the dollar wage, but not for A. M ismeasurement is a serious
issue. Industry probably weighs excessively in the real wage so that the fast
growing nontraded sector may be increasingly underrepresented. Our
measures of distortions are problematk and not directly related to the
theoretical concepts. In any case, the theoretical effects of the distortions
are open to some ambiguity.
Overall, the results from Tables 2 and 4 indicate that increases in labor
productivity, and more generally gains in economic efficiency, result in a
continuing appreciation of the REER. The exact channel of this effect is not
elucidated, but its existence and strength warrant it being considered a styl
ized fact. The short-run effect of a change in the nominal exchange rate on
the real rate A is about 85 percent within a month (column (I)) and the speed
of adjustment a indicates a half-life of 1 9 months.28 Exchange rate policy
exerts a powerful and lasting influence on the real exchange rate.
Taken together, these results confirm the hypothesis that the CPI-adjusted
real exchange rate appreciation observed in most transition economies cor
responds to a correction from its initial undervaluation. Deviations from
equilibrium are due mainly to this initial condition and to nominaJ exchange
rate policies that may have mistakenly but successfully delayed the unavoid
able return to equilibrium. On the other hand, the nominal exchange rate has
a smaller effect on the dollar wage and no significant effect on the ratio of
nontraded to traded goods prices. Thus, the high degree of absolute price
stickiness implicit in the impact of the nominal on the real exchange rate
translates into a high degree of relative price rigidity. In contrast, nominal
wages are less sticky than prices: not only is the pass-through of the nomi
naJ exchange rate lower but the speed of adjustment is much higher, with a
half-life slightly above two months (column (7)).
Using the information collected in Table I , we have attempted to test for
mally the role of the exchange rate regime. The hypothesis that the results
change when the floating countries are excluded from the sample is rejected
at any conventional level for A., but not for the ratio of traded to nontraded
good prices nor for the dollar wage. However, these tests should be con
sidered as provisionaJ because the estimates over the subsamples are quite
unstable and generally not very satisfactory.
28 The half-ljfe is the Lime it takes for a discrepancy between the actual and equi
librium exchange rate to be reduced by half. I t is computed as ln2/a.
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V. Conclusion
This paper proposes an interpretation of the evolution of the real exchange
rate over the first five years of transition. The striking feature has been the
process of continuing appreciation that has followed the--often deep--initial
jump in real depreciation. We hypothesize that, initially, the real exchange rate
overshot its equilibrium level and that the subsequent depreciation corre
sponds to the combination of a return to equi(jbrium and of a continuing real
equilibrium appreciation. The equilibrium appreciation is explained by rapid
gains in efficiency once markets drive prices and the allocation of resources.
This hypothesis is tested in a number of ways. First, we use international
data to estimate the equilibrium dollar wage, using data that precede the
transition period.29 The equilibrium dollar wages estimated over the period
199 1-96 support our hypothesis. Actual dollar wages have been converg
ing to their equilibrium level, but this appears to be a slow process. Most
important, the often very large increases in dollar wages observed over the
first few years of transformation have not (yet) resulted in overvaluation.
We also explore in detail the dynamics of the actual exchange rate during
the transition. In the absence of a theory of the exchange rate in transition
economies, the results must be considered with more than usual caution.
They confirm the longer-run role of gains in effectiveness. They also show
that the speed at which the real exchange rate converges to its equilibrium
level is quite slow, even though wages appear to be much less sticky than
consumer prices.
A number of policy implications emerge from this analysis. First, PPP is
not an appropriate benchmark in transforming economies. Real appreciation
is the equilibrium outcome of a successful transformation. Indeed, transition
will be complete when the real appreciation stops. By then, which may be
decades away, price and wage levels in Central and Eastern Europe will have
converged to levels not too different from those in Western Europe.
Second, the need for a continuous real appreciation has important impli
cations for the choice of exchange rate policies and regime. If the exchange
rate is pegged to a Western currency (dollar, deutsche mark, ECU, or a bas
ket), real appreciation requires a higher inflation rate than abroad. Inflation
can be brought down to low levels only if the nominal exchange rate is
allowed to float and appreciate. Resisting a real appreciation is not only
hopeless, it also leads to potentially speculative capital inflows and inter
ventions that, if not sterilized, lead to faster money growth and eventually
inflation. If sterilized, there can be a buildup of reserves fueling further
inflows in an unending spiral. Even more destabilizing would be a policy
29 While we focus on the transforming economies, the results obtained here can
be readily applied to any country.
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of nominal depreciation, for example, based on a PPP rule, which leads to
a dangerous cycle of inflation and depreciations.
Third, the choice of an exchange rate policy is tightly linked to the desired
level of inflation. There are good reasons for not aiming at very low inf-la
tion rates in the early years of transition: public finance arguments in favor
of a (moderate) inflation tax unril the implementation of a tax reform that
establishes a broad and fair base; macroeconomic arguments against a pol
icy of nominal exchange rate appreciation given the uncertainty about the
desired rate and the volatility of flexible rates; efficiency arguments in favor
of sufficient inflation to allow for relative price changes without actually
forcing some wages and prices to decline; and political economy arguments
based on the likely difficulty of imposing continuous appreciation vis-a-vis
such strong currencies as the deutsche mark.
Finally, the estimates presented here should not convey the feeling that the
equilibrium exchange rate can be known with any degree of precision. The
purpose of this paper is to provide ball park estimates of the initial degree of
undervaluation and a feel for what is a normal rate of real appreciation. The
estimates rely on dramaticaJiy short time series and highly imperfect data.
APPENDIX
Effect of Inflation on Estimated Dollar Wages

Figure A I . Dollar Wages Estimated Using Historical inflation
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A method oftesting the relative importancefor consumption ofrisk-sharing

behavior and changes in current income is proposed and estimated using
data across Canadian provinces. The focus of the estimation is less on
whether or not the risk-sharing model can be rejected than on how much
each of these hypotheses can contribute to explaining overall variation in
consumption. Both types ofbehavior arefound to be statistically significant,
but the risk-sharing model is found to explain considerably more of the
growth in consumption than does changes in income. [JEL D 12, E21]

s

MIGHT BE expected from an activity that comprises well over half of
aggregate economic spending, the behavior of private consumption
remains one of the most important areas of economic research. As yet,
however, there is little consensus on how to characterize this behavior
empirically, with some investigators focusing on the importance of opti
mizing behavior in a world with complete markets and infinitely lived
consumers, and others on the impact of market imperfections, rules of
thumb, and life cycle effects. This paper provides a way of assessing
the relative contribution of these different types of behavior to aggregate
consumption.
Much of the recent empirical work on consumption has focused on the
adequacy of the permanent income hypothesis, as characterized by the "ran
dom walk" model proposed by Hall ( 1 978). Two strands of research can be
identified in this literature. The first has focused on further describing,
extending, and testing the degree to which consumption corresponds to this
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optimizing model.1 Most recently, such work has focused on the implica
tions of full contingent markets for the path of consumption across indi
viduals.2 The central insight is that if people use such markets to insure
themselves against idiosyncratic risks, then consumption movements
across individuals should be the same and, in particular, that they should be
unaffected by personal circumstances.
By contrast, the other strand of the literature has focused attention on
assessing the degree to which consumption deviates from the predictions of
the permanent income hypothesis. In particular, there is now a large empir
ical literature looking at the sensitivity of consumption to (predictable)
changes in income.3 Various explanations of this behavior have been sug
gested, including liquidity constraints and the use of simple rules of thumb.
Most recently, theoretical work using precautionary saving and liquidity
constraints in life cycle models has tried to rationalize the behavior of con
sumers, including the sensitivity of consumption to income, with observed
mjcroeconomic and macroeconomic data.4
This paper combines elements of both literatures. Methodologically, a
new specification for testing the relative importance of the path implied by
risk sharing and by sensitivity to current income is derived. The specifica
tion is tested using data on consumption across Canadian provinces. Cana
dian provinces are subject to relatively large and persistent idiosyncratic
income disturbances, making them a particularly good test of the difference
between changes in income and risk-sharing behavior. They also provide a
useful benchmark against which to compare results for consumption across
countries, and to look at the macroeconomic significance of these alterna
tive theories. Empirically. the focus is less on whether or not the models can
be rejected based on parameter constraints than on how much each of the
main hypotheses-risk sharing and sensitivity to current income-can
contribute to explaining overall variation in regional consumption.
1 For example, Campbell ( !987).

(

(

2 For example, Mace 1991 ) Cochrane ( 1991 ), and Townsend 1 994). Townsend

also provides a survey of evidence from other work. Obstfeld ( 1994) uses a similar
approach to look at consumption across countries.
The '·excess" sensitivity of consumption to income was originally highlighted
by Flavin ( 1981 ). Subsequent work estimating the size and importance of such
"'liquidity constraints" includes Campbell and Mankiw ( 1989 and 1990) and Japelli
and Pa�ano ( 1 989) on the macroeconomic side, and Hall and Mishkin ( 1 982),
Hayash1 ( 1985), Zeldes ( 1989), and Hubbard, Skinner, and Zeldes ( 1994) on the
microeconomic side. Other authors using microeconomic data, however, have
failed to find evidence of liquidity constraints, including Altonji and Siow ( 1987),
Runkle ( 1991 ). and Maringer and Shaw ( 1993). This microeconomic evidence is
surveyed in Browning and Lusardi ( 1 995). One reason for this variety in results
from microeconomic studies may be different approaches to the problems of the
underlying microeconomic data, as discussed in Lusardi ( 1996).
4 Hubbard, Skinner, and Zeldes ( 1994 and 1995), Oeaton ( 1992), and Carroll
,

( 1 992).
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To anticipate the conclusions, while both hypotheses are found to be sta
tisticaJJy significant, the risk-sharing model explains considerably more of
the variation in consumption than do changes in current income. It is also
found that the estimated proportion of consumption associated with changes
i n income is significantly smaller once allowance is made for risk-sharing
behavior.

I. Theory
Much of the recent empirical work on consumption has focused on the
Euler equation defining optimal behavior. As formulated by Hall, this
assumes that rational, infinitely lived consumers maximize the expected
value of their utility, subject to an intertemporal budget constraint. Given
free access to capital markets and assuming that the utility for nondurable
consumption is separable,5 the solution to the optimization problem yields
the equation
(1)
where C, is nondurable consumption, £,_1 is the mathematical expectation
conditional on the information available at t - 1 , � is a subjective discount
factor, and R,_1 is the real interest rate between t - I and t.
If the utility function V(.) is assumed to have a constant elasticity of
intertemporal substitution ( U = C,l-"') and the errors are log normal, then the
solution to the model is

!!.c,

=

'P(o}/2)+ \f'- 1 ln[�(l + R,_d] + E,,

(1')

where c, is log(C,), cr7 is the variance of future shocks to the change in the
logarithm of consumption, R,_1 is the real interest rate between t - I and t,
and the error E, represents unexpected revisions to permanent income,
which should be orthogonal to all information known at t - I or earlier.
This implies the following path for consumption across provinces a, b,
to r:

1
'l'(cr�,/2) + '1'- ln[�(l + R,_l )] + Ear
tlcb, = 'P(cr�,/2) + '¥- 1 ln[�(l + R,_l )] + Eb,
!lea,

=

tlcrr

=

(2)

':P(cr;, /2) + \.(1-J ln[�(l + R,_1 )] + Err,

where equations (2) assume that the provinces face the same ex ante real
interest rate and have the same utility function-in particular, they have
the same intertemporal elasticity of substitution and discount rate. (The
sThis assumption is relaxed later.
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implications of relaxing these constraints will be discussed further
below.)
The central insight of the risk-sharing literature is that unexpected
changes to permanent income, and hence the errors in these equations,
should be highly correlated across provinces. This is because individuals
have an incentive to insure against idiosyncratic risk. In the limiting case of
full and cost less contingent markets, all such idiosyncratic risk wi 11 be
avoided and unexpected revisions to permanent income (and hence changes
in consumption) will be identical across all provinces.6 This implies the
following path for consumption:

!le"' = 't'(cr;l2) + 't'- 1

(2')

ln[ f3(1 + R1_ 1 ) ] + E1 •

The crucial difference from equation (2) is that the variance and error terms
have no province-specific subscripts, implying identical behavior across
provinces.
The possibility that consumption is dependent upon current income can
be added to this specification by dividing consumers into two types, along
the lines proposed by Campbell and Mankiw ( 1 989).7 A proportion ( 1 - A.,)
of consumption in province r is assumed to be associated with individuals
who behave according to the risk-sharing model given in equations (2)
above. The remaining proportion, A., is assumed to be associated with "rule
of thumb" consumers who vary the growth in their consumption in line with
the growth in their disposable income. For these consumers,

(3)
where y,1 is the logarithm of disposable income in province r.
Aggregating over these two types of consumers, consumption
provinces a, b, . . , r is equal to

m

.

l:lea1 = A.allY<u + (J - A.a )('t'( cr� 12) + 't'- 1 ln[f3( 1 + R1_ 1 )] + E ) + E:,n
l:lebt A.bllYbt + ( I A., )('t'( cr; /2) + 't'- 1 In[f3(1 + Rt- 1 )] + E) + E/,n
=

!le,/

= A.rl:ly,

-

+(I

-

(4)

Ar ) {'t'( cr; /2) + 't' 1 ln[f3( 1 + Rt 1 )] + E ) + E�t·
-

-

The province-specific errors, E;h reflect errors in measurement and devia
tions from the behavior predicted by the two simplified models.
6 An altemative derivation of this result considers the path for consumption that
would be chosen by a benign social planner. For any given trajectory for total con
sumption, the Pareto optimal solution for each individual or province involves iden
tical comovements in consumption. This reflects the more generaJ proposition that
the solution with full contingent markets should correspond to one chosen by a
social planner.
7This model has been used extensively in empirical applications. See, for exam
ple, Jappelli and Pagano ( J 989) and Blundeii-Wignall. Brown. and Cavaglia ( 1991 ).
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Equations (4) identify two factors that should be important for the rate of
growth of consumption across provinces. The first is the common move
ment in consumption across all provinces, which reflects the risk-sharing
allocation of consumption. The second is the change in local disposable
income. Although the model is formally set up with two very different types
of consumers, the equation is consistent with a much broader range of con
sumption processes, including those in which risk-sharing behavior is not
complete due to limited access to financial markets or precautionary saving
motives. In particular, Hubbard, Skinner, and Zeldes (1994) find that
the correlations between consumption and income reported by Campbell
and Mankiw ( 1989) are consistent with models that include an important
element of precautionary saving.
The expression for risk-sharing behavior can be replaced by a constant
term and dummy variables for each time period.8 The empirical counterpart
to equations (4) for any province r then becomes

D.cn

=

T

ArflYn + 0 - 'Ar)(a + L 0idj ) + €n,
j=2

(5)

where the dis are dummy variables equal to one whenj = t and zero otherwise.
Equation (5) can be used to test the significance of sensitivity to income
and of risk-sharing behavior on consumption. The coefficients Ar indicate
the degree to which (predictable) changes in income affect consumption
and hence behavior departs from the permanent income hypothesis. The
importance of the time dummies, the dis, measures the degree to which con
sumption follows the risk-sharing path. Such a decomposition is only pos
sible because the data vary by both province and time period, that is, they
are a paneL Without variation across both dimensions, it would not be pos
sible to estimate the coefficients on the time dummies di, and hence the
contribution of risk-sharing behavior to consumption in this manner.9
More important, equation (5) allows one to test the relative importance
of these two extensions of the basic permanent income hypothesis, namely,
the impact of predictable changes in income and the comovement of con
sumption across all provinces predicted by the risk-sharing model. This can

8To ensure the model is identified, the dummy variable for the first time period
is excluded in the estimation.
9Dummy variables for each period have been included in most empirical micro
economic studies of consumption in order to eliminate the impact of aggregate
changes in activity. However, the focus of this work has remained on the size of the
coefficient on income or other personal characteristics, not on the relative contri
bution of alternative hypotheses. I n principle, however. the same methodology
could be applied. Indeed, by measuring the information content of the risk-sharing
model, the approach adopted here might help to determine the importance of noise
in the data.
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be done by running the equation excluding changes in disposable income and
then, after adding these income variables back, rerunning the equation
excluding the time dummies. The deterioration in the performance of the
partial equations compared with the performance of the general equation can
be used to estimate the marginal contribution of income (in the case when
the change in disposable income is excluded from the model) and risk
sharing behavior (in the case excluding the time dununies) on aggregate con
sumption, while the proportion of the overall variance to consumption not
explained at the margin by either hypothesis provides a measure of the degree
to which the two explanations cannot be differentiated. Hence, the approach
allows the relative contributions of these two explanations to be evaluated.
The restrictions imposed on the utility function can also be tested. If sub
jective discount rates differ across provinces, then so will the constant terms
(a). Similarly, if intertemporal elasticities of substitution vary, then, in
addition to the constant terms, the coefficients on the time dummies (dis)
should be multiplied by province-specific constant terms. Both restrictions
involve simple parameter tests on the estimating equation.
The use of time dummies to reflect the path of risk-sharing consumption
may appear at first to be something of a catcha11. On reflection, however,
little more can be said about the path of risk-sharing consumption. There
should be a relationship between ex ante real interest rates and the pre
dictable part of risk-sharing consumption, but the correlation between
observed real interest rates and risk-sharing consumption is unclear, as
unexpected changes in permanent income will be associated with unanti
cipated changes to inflation and hence in observed real interest rates. An
alternative approach of measuring the risk-sharing path for consumption is
to include the growth in aggregate consumption in the regression instead of
the time dummies, as suggested by Mace ( 1991 ) . If aggregate consumption
is defined as a simple average of changes in consumption across provinces
(or individuals), then including aggregate consumption is exactly equiva
lent to using time dummies in the pw-e ri sk-sharing model. In the case where
individual consumption depends upon individual income, the empirical
results from the two approaches will differ. But in this case aggregate con
sumption will also depend upon aggregate income, and so will not be an
accurate measure of the underlying risk-sharing consumption path. For this
reason, the specification using time dummies is to be preferred. As a check
on the specification, results using the Mace approach are also reported.
They are similar to those using time dummies, indicating that the main case
results are not being driven by the use of the dummy variables. Another
potential concern with the specification is that the utility function may not
be separable. To test for this, the empirical section includes estimates from
an extended model in which some of the more restrictive assumptions used
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to derive equation (5). such as the assumption that durable and nondurable
goods consumption are nonseparable, are relaxed.
The approach suggested here can be compared with earlier approaches
such as those used by Cochrane ( 1 9 9 1 ) on the microeconomic side and
Campbell and Mankiw ( 1 989) on the macroeconomic side. The difference
between equation (5) and the work of Cochrane is that he used cross
sectional data.10 As a result. he was not able to estimate the contribution of
risk-sharing behavior in consumption. as such behavior is subsumed in the
constant term. Rather, he focused on testing whether the risk-sharing model
can be rejected by seeing if individual-specific factors such as income or
unemployment are significant in the equation. The main difference between
equation (5) and the work of Campbell and Mankiw is that, because they
use time-series rather than panel data, they too cannot use time dummjes in
their model. Rather, they generally make the assumption that the ex ante
real interest rate is constant." Again, this means the contribution of fully
optimizing behavior to consumption is not estimated directly. but only the
deviation from optimizing behavior. In many respects, equation (5) can
be seen as an extension of both the Cochrane and Campbell and Mankiw
models to a panel data set.

11. Estimation
Data

Annual data on real consumption of nondurable goods and services
(hereafter simply nondurable consumption),'2 nominal household dispos
able income. the deftator for total consumption, and population by province
were collected from the Canadian Provincial Economic Accounts for the
period 197 1-90. They were used to calculate per capita values of real non
durable consumption and real household disposable income (deflated using
province-speci fie consumption deflators) for each of the I 0 Canadian
provinces.13 Nondurable consumption was used because the theory is con
cerned with the marginal utility derived from consumption. Durable goods
100ther workers with microeconomic data have used data over several years.
Cochrane's paper is used to illustrate a potenti al derivation of the estimating
equation.
" They also include direct estimates of the ex ante real interest rate in some
reoressions.
�2 Resul ts using nondurable consumption without including services are very
similar.
n Alberta, British Columbia. Manitoba, New Brunswick, Newfoundland, Nova
Scotia, Ontario, Prince Edward Island. Quebec, and Saskatchewan. Full data were
not available for the Yukon or the Northwest Territories.
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Figure I . Percentage Change in Income and Consumption Across Canadian Regions
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provide utility over several years, making measured consumption a bad
proxy for the marginal utility derived from their ownership. Possible non
separabilities between consumption of durable and nondurable goods are
discussed below. Data transformations and lags meant that the estimation
period was 1 974-90.
Using data across Canadian provinces has a number of attractive features.
These data are a relatively unstudied data source and contain detailed panel
data on both consumption and disposable income without many of the in
accuracies generated by individual questionnaires.1� At the same time,
Canada has a unified national banking system and highly integrated finan
cial markets. Canadian provinces are also subject to large idiosyncratic
income disturbances. particularly in the western half of the country and
Atlantic regions where the local economies are dominated by raw material
production. Figure I shows the percentage changes in disposable income
and nondurable consumption for two halves of Canada, the western
provinces (British Columbia, Alberta, Saskatchewan, and Manitoba) and
140n the other hand, the data may suffer from aggregation bias . As discussed
earlier, it would certainly be interesting to also run this specification on data for
individual consumers.
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Table I .

Standard Deviation of the Growth In Personal Disposal Income per
Capita Relative to the National Value
U.S. regions

Canadian provinces
Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Average

3.1

1.6

2.5
1.5

2.5

2.2
1.1

4.1

1.1

East North Central
East South Central
Mid-Atlantic
Mountain
New England
Pacific
South Atlantic
West North Central
West South Central

0.9
0.9
0.9
1.0
1.2

0.7
0.6
2.0
2.1

5.5

25
.

Average

1 .2

Sources: Statistics Canada, Regional Economic Accounts: and U.S. Bureau of Eco
nomic Analysis, Regional Economic SummW)' Tables.
Note: The Canadian data cover the period 1974-90, and the U.S. data, 1 974-87.

the remaining eastern provinces. The two series generally move in tandem.
although there are exceptions. In 1976 and 1987, income decelerated in the
west but not in the east, while in 1985 the opposite occurred. Income was
also considerably more variable in the western half of the country, particu
larly over the recession of 1 982-83. Consumption patterns were more
coherent than income patterns. The rate of growth of consumption was
much less variable, and behavior in the two halves of the country was often
very similar-for example, the growth in consumption accelerated in both
east and west in 1 976, despite a deceleration in western income.
This diversity in provincial income streams provides considerable scope
for consumption smoothing, making it easier to distinguish between sensi
tivity to income and ri sk-sharing behavior. By way of comparison, Table I
reports the standard deviation of the percent growth of disposable income
per capita relative to the Canadian aggregate for each Canadian province
and the equivalent values for the nine standard U.S. census regions.15 Six
Canadian provinces have standard deviations that are larger than that of any
of the U.S. regions. More generally, the average standard deviation across
all Canadian provinces (2.5 percent a year) is over double that across U.S.
regions. Innovations to relative income are also quite persistent. This was
tested by estimating a first-order autoregressive process for the detrended
growth in provincial personal disposable income relative to that i n Canada
as a whole (each series was detrended by regressing it on a constant term
15The U.S. data come from the state-by-state personal income accounts. U.S. data
on consumption by state do not exist, except for retail sales every several years. The
U.S. data cover the period

1 974-87.
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and a time trend). For 8 of the 10 provinces, the estimated ARJ coefficient
was between 0.58 and 0.77 and highly significant, indicating that move
ments in the growth of provincial income relative to national income can be
expected to persist for some time. In the absence of risk-sharing behavior,
such persistent deviations i n provincial income would expect to find a
counterpart in movements in consumption. The AR 1 coefficient for
Saskatchewan, however, was smaller (0. 3 1 ) and insignificant, while that for
Prince Edward Island was negative.
The Canadian provincial data also provide a benchmark against which to
compare results for consumption across countries. There has been consid
erable interest recently in looking at such behavior across countries, with
deviations from risk-sharing behavior being used as a way of measuring the
level of integration of international financial markets. 16 For such an exercise
to be fully convincing, however, it is useful to have a measure of behavior
within a region with hjgh capital mobility against which to compare these
results. With its national banking system, unified financial Jaws across
provinces, and common currency, Canada provides just such a benchmark.
The data were converted into a panel data set, and equation (5) was esti
mated using two-stage least squares. Unexpected changes in real disposable
income can contain information about idiosyncratic changes in permanent
income. To identify only those changes in consumption associated with pre
dictable change in income, it is therefore necessary to use instrumental vari
ables. 1 7 The choice of instruments can be important for this type of model
(Campbell and Mankiw, 1 989). Past changes in income should be useful in
helping to predict future changes in consumption and income. In addition,
since the consumption model underlying our approach is the permanent
income model, it follows that current consumption will summarize agents'
information about the future path of income (Campbell, 1 987). Thus,
lagged values of the change in consumption should also be a useful predic
tor of changes in income. Finally, the permanent income model also implies
that the ratio of consumption to income should also be useful in predicting
future income (Campbell, 1987).
An important limitation on the instrument set is that first lags are inad
rrussable as instruments because the time averaging of the consumption data
induces a correlation between the change in consumption and its first tag
(Working, 1 960). To preserve degrees of freedom in the estimation, only
16 0bstfeld ( 1994), Lewis ( 1 996), and Bayoumi and MacDonald ( 1995).
17 lf the objective were simply to test the risk-sharing model, then there would be
no need to instrument the change in income, as all movements in permanent income
are represented by the time dummies. However, the risk-sharing model is a refine
ment of the more general permanent income model, which makes no assumptions
about the correlation of movements in permanent income across provinces. Results
without instrumental variables are also reported below.
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second lags of the instruments were used. Accordingly, the instruments
were a constant term and the second Jag of the growth in real consumption,
growth in real disposable income, and ratio of nondurable consumption to
disposable income.111 The instruments were made specific to each province.
so as to ensure that their full potential explanatory power was used. Finally,
the time dummies were included in the instrument set, as there is no need
to instrument these variables in the equation. The R2 for the instrumental
variables equation was 0.56, indicating that the instruments have a signifi
cant degree of explanatory power.19
Main Regression Results

Table 2 reports the results from estimating the basic model. The first col
umn reports the R2 and adjusted R2 from equation (5) using the instruments
discussed earlier (the coefficients themselves are not reported as they are so
numerous). The model explains just under 60 percent of the variance of
consumption although (owing to the large number of estimated coeffi
cients) when the fit is adjusted for the number of degrees of freedom the
explanatory power falls to just under 50 percent of the initial variance. In
other words, the time dummies and predictable elements of disposable
income collectively explain somewhat more than half of the total variance
in consumption across Canadian provinces.
Three Wald tests of coefficient restrictions are also reported. The first
tests the joint significance of the coefficients on the change in disposable
income. The hypothesis that these are jointly zero, and hence that the
income terms are statistically insignificant, is overwhelmingly rejected. The
subsidiary hypothesis that these coefficients are equal across provinces .is
also marginally rejected, implying that the importance of such rule of thumb
behavior differs across provinces.20 The third test measures the joint sig
nificance of the coefficients on the time dummies. The hypothesis that the
coefficients on the time dummies are jointly equal to zero, and hence that
18 Maringer and Shaw ( 1993) criticize earlier (microeconomic) studies of con
sumption by noting that, although expectational errors should be uncorrelated over
time. they need not be uncorrelated across individuals or provinces within a single
time period. As different instruments are being used across provinces, this issue
does not arise in the current analysis.
19Poor instruments can cause misspecification (Nelson and Startz. 1990).
2°Coefticients on individual provinces show little obvious relationship between
the estimated values and per capita income, raw material production, or economic
size. Ontario, the largest and one of the richest provinces per capita, has a middling
coefficient on income. Quebec, the second largest province, and tiny Prince Edward
Island have small values. Alberta. a major oil-producing and relatively prosperous
province, has a large coefficient, while Saskatchewan, another western province,
does not.
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Basic Results from Decomposition ofConswnption

Estimating Equation: 6.c;,

RZ

Adjusted R2
Wald tests for:
Joint significance of
income terms
(A; = 0) X2( I 0)
Equality of income
terms (A, = !..) X2(9)
Joint significance of time
dummies (0, 0)
16)
=

X2(

Durbin-Watson statistics

=

A;6.y,, + ( I - A, )(o: +

T

L, o1d1

ja2

Complete model

Risk-sharing model

Income model

0.57
0.49

0.47
0.42

0.21
0.16

42.9**

87.6**

1 8.6*

2 1 .2*

I 17.8**

1 5 1 .6**

0.50-2.52

0.83-2.46

1.41-2.69

Notes: All tests are calculated using heteroscedastic adjusted standard errors. The
instruments in the estimation for each province were a constant term. the second lags of
the growth in consumption. growth in disposable income, and ratio of consumption to
disposable income, and time dummies. One asterisk indicates the test is significant at
the 5 percent level; two asterisks indicate the test is significant at the I percent level.

risk-sharing behavior is not important for consumption, is also emphatically
rejected.21
The second and third columns in Table 2 give some idea of the relative
importance of these two types of behavior for the overall fit of the model.
The second column reports the results when the terms in the growth in dis
posable income, and hence the impact of changes in income, were excluded
from the model. The third column reports the impact of restoring the terms
in the growth in disposable income but excluding the time dummies from
the estimation. Hence, in this case, it is the behavior of the fully insured
consumers that is eliminated from the estimation.
Excluding changes in disposable income from the model results in a
modest lowering of the explanatory power of the model, with the R2 falling
by 1 0 percentage points, from 0.57 to 0.47 . At the margin, therefore, pre
dictable changes in disposable income explain 1 0 percent of the variance of
consumption in this model.22 The third column indicates that the elimina
tion of the time dummies from the estimation produces a significantly larger
21 The model was also run using changes in the levels of real nondurable con
sumption per capita and real disposable income per capita instead of the logarithms
of these variables. The resulls from these regressions were very simjJar to those
u sing change in logarithms, and are not reported.
A s might b e expected, the significance o f the ti me dummies increases.

22
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reduction in the R 2, from 0.57 to 0.2 1 . At the margin, risk-sharing behavior
explains about 35 percent of the variance of consumption in this specifica
tion.23 An alternative way of looking at these results is to compare the
explanatory power of the two underlying models of behavior. The risk
sharing model, in the form of separate time dummies, explains almost half
of total variance in consumption, and predictable change in consumption,
only one-fifth.
In round figures, the results indicate that 60 percent of the explained vari
ance of consumption is attributable to the time dummies, 20 percent to
changes i n income, and the remaining 20 percent can be explained by either
set of variables. All three figures are of interest. The large contribution from
the time dummies indicates that risk-sharing behavior is the dominant fac
tor i n explaining movements in consumption across Canadian provinces.
However, the results also indicate that changes in income remain an impor
tant, if subsidiary, part of the overall explanation. Finally, the fact that only
20 percent of the overall explained variance could be explained by either
variable indicates that colinearity between the income terms and time
dummies i s not a significant problem for the estimation. Despite the exis
tence of a national business cycle, the variation in the behavior of income
across Canadian provinces is apparently large enough that the two types of
consumption behavior are relatively easy to distinguish from each other,
presum-ably reflecting, at least in part, the relatively idiosyncratic nature of
the underlying disturbances to disposable income discussed earlier.
Durbin-Watson statistics were calculated for each province for the dif
ferent models. For the complete model (the one including both the income
terms and time dummies), there is a very low value for Saskatchewan
(0.50), indicating a significant degree of autocorrelation in this case. How
ever, as none of the other models showed any evidence of significant
autocorrelation (the Durbin-Watson statistics for the other provinces vary
between 1 .73 and 2.52), this does not appear to indicate general mis
specification. The same pattern, a ve_ry low Durbin-Watson statistic for
Saskatchewan but not for other provinces, also occurs in the risk-sharing
model (which includes only time dummies), while all of the Durbin-Watson
statistics appear satisfactory in the model with only income terms (they vary
between I .41 and 2.69).
The correlations of the residuals for each province were also calculated.
A high correlation between residuals could indicate that the equation was
missing a significant explanatory variable-for example, changes in the
price of oil could potentially have a positive impact on consumption in
23The coefficient restrictions implied by the assumptions of equal discount rates
and equal rates of intertemporal substitution across provinces were accepted in all
three regressions.
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Alberta and Saskatchewan but a negative impact in the more industrial east
coast, over and above their direct impact on personaJ disposable income. For
the complete model, the residual correlations showed no evidence of mis
specification. Only 3 of the 45 correlations were significant at the 5 percent
level, almost exactly what would be predicted by chance, and none of
these correlations involved provinces with particularly close economic
connections.24
The risk-sharing model also showed relatively little sign of mispecifica
tion. It had only four significant residual correlations; however, one of these
was between Prince Edward Island and New Brunswick, indicating that con
sumption across these provinces may be more closely tied than would be
indicated by the model. The income model showed the most evidence of
misspecification. Eleven of the 45 correlations were significant at conven
tionaJ levels, including significant positive correlations between Alberta and
Saskatchewan, New Brunswick and Prince Edward Island, and Ontario and
Quebec, aJI of which have close economic ties. In short, the income model
appears to be missing an important element in explaining provinciaJ con
sumption. These basic patterns for the Durbin-Watson statistics and residual
correlations-satisfactory Durbin-Watson values except for Saskatchewan,
and high numbers of significant residual correlations for the income
model-persist in the alternative versions of the model reported below.
Additional Results

Table 3 shows the results from the regression when the coefficients on
the change in disposable income, A;, are made equal across provinces.25
Results are only reported for the two specifications in which the change in
disposable income is included in the specification, as the results for the
regression including only time dummies remains unchanged from those
reported earlier.
In terms of overall fit and specification tests, these regressions show a
very similar pattern to those in Table 2. The estimated coefficients on the
change in disposable income, however, illustrate an interesting feature of
the results. When the time dummies are included in the model, the estimated
coefficient on the change in disposable income is 0. 15, implying that about
1 5 percent of consumption is associated with predictable income changes.
When the time dummies are excluded, however, this coefficient rises to
24The statistic 1/2 Jnf( I + r)/( I - r)], where r is the correlation coefficient, is dis
tributed approximately nom1ally, with mean 1/2 In[( I + p)/( I p)] and variance
(T- 3) ( Kendall and Stuart, I 968, pp. 262-63). For p = 0, thjs implies a 5 percent
confidence interval of+ or -0.48.
25 As discussed earlier, this restriction is narrowly rejected by fonnal tests.
-
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Table 3.

Results When the Income Coefficients Are Constrained to Be Equal
Estimating Equation: !le, = My;,

Complete model

R2

Adjusted R1
Change i n disposable income (A.)
Joint significance of time dummies

( 8, = 0) X2( 16)

Durbin-Watson statistics

T

+ ( I - A.)(a + L 8id,

0.57
0.52
0.15
(0.06)*
1 1 5.9**
0.95-2.77

i�2

Income model

0.22
0.22
0.25
(0.04)**

1 .23-2.51

Notes: All tests are calculated using heteroscedastic adjusted standard errors. The
instruments in the estimation for each province were a constant term, the second lags of
the growth i n consumption. growth in disposable income. and ratio of consumption to
disposable income, and time dummies. One asterisk indicates the test is significant at
the 5 percent level; two asterisks indicate the test is significant at the I percent level.

0.25, indicating a somewhat larger percentage of consumption to be asso
ciated with changes in income. These results indicate that, even using
instrumental variables, the type of model proposed by Campbell and
Mankiw ( 1 989) in whjch the behavior of optimizing consumers is ap
proximated by a constant term may tend to overestimate the importance
of changes in income, as some of the covariation between income and
consumption may still reftect changes in the optimum consumption path.
A second experiment involved using aggregate consumption instead of
time dummies as the measure of the risk-sharing path of consumption, as
discussed earlier. Two measures of aggregate consumption were used in
the estimation; a simple average of per capita consumption growth in
all provinces and per capita consumption growth in Canada as a whole.
Table 4 shows the results from this estimation. In the case of the simple
average, results are only reported for the complete model, as those for the
risk-sharing and income models are identical to the main case reported in
Table 2. The fit of the complete model is very similar to that reported ear
lier (0.56 as opposed to 0.57), indicating that this change makes almost no
difference to the analysis. When average consumption growth in Canada is
used, there is a signification deterioration in the fit of the complete model,
with the R 2 falling from 0.57 to 0.50. There is also a similar deterioration
in the fit of the risk-sharing model (the risk-sharing results are different
from those using time dummies because the growth in consumption is
implicitly weighted by population). The risk-sharing model still fits signif
icantly better than the income model, however, paralleling the results from
the preferred specification.
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Table 4.

Decomposition of Consumption: Mace Spec(fication

Estimating Equation: D.c" = A,D.y, + ( I - A,) (<X +

P D.cAGG)

Simple average
complete model

Canadian average
complete model

Canadian average
risk-sharing model

0.56
0.52
1.03 (.09)**

0.50
0.47
0.80 (.08)**

0.37
0.37
0.76 (.08)**

3 1 .5**

36. 1**

Equality of income

17.4*

18.5*

Durbin-Watson statistics

0.77-2.21

1 . 1 8-2.40

R2

Adjusted R2
Aggregate
consumption

CP)

Wald tests for:
Joint significance
of income terms

(A, = 0) X2( I 0)

terms (A
, = A) X2(9)

1 .22-2.49

Notes: Simple average is the average of per capita consumption growth across all
provinces, whereas Canadian average indicates the average per capita value in Canada
as a whole. All tests are calculated using heteroscedastic adjusted standard errors. The
instruments in the estimation for each province were a constant term, the second lags of
the growth in consumption, growth i n disposable income, and ratio of con sumption to
disposable income, and time dummies. One asterisk indicates the test is significant at
the 5 percent level; two astersks indicate the test is significant at the I percent level.
i

To this point aJI of the reported regression results have used instrumen
tal variables, as changes in provincial income may be correlated with
changes in permanent income. One concern with using instrumental vari
ables, however, is that the estimation technique may underestimate the
explanatory power of the change in disposable income in the regression.
One way of assessing the potential size of this problem is to estimate the
model by least squares. This regression, which ignores the potential prob
lem of the correlation of changes in permanent income with current
income, indicates the maximum explanatory power of income in the regres
sion.26 If there were to be a large increase in the explanatory power when
least squares was used, this would imply considerable uncertainty as to the
role of income in the behavior of consumption. If the rise is relatively mod
est, on the other hand, the potential level of uncertainty would likewise be
modest.
Table 5 shows the results from estimating the complete model and the
regression using only the income terms using least squares (again, the
26 A further argument for using least squares is that income should not be in
s lrumen ted in the pure ri sk sharing model, as the change in permanent income
should be fully accounted for by the time dummies, and hence there will be no
-

simultaneity bias.
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Table 5.

Resul1s Using Leas/ Squares

Estimating Equation: Llc11

R2

Adjusted R2
Wald tests for:
Joint significance of income terms

X2( I 0)
Equal ity of income terms
(A, = A.) X2(9)
Joint significance of ti me dummies
(0, O) X2( 16)
(A, = 0)

=

A,Lly11 + ( 1 - A,)(a +

T

'Lo1dj )
j=2

Complete model

I ncome model

0.63
0.57

0.30
0.25

103.1**

1 1 5.3**

28.0**

19.4*

1 1 1 .4**

=

Notes: All tests are calculated using hetcroscedastic adjusted standard errors. One
asterisk indicates the test is significant at the 5 percent level: two asterisks indicate the
test is significant at the I percent level.

results from the equation including only the time dummies are unchanged).
In both equations, the estimated significance of the income coefficients
rises considerably, as might be expected. However, the increase in explana
tory power in the equations is relatively small. The R2 rises from 0.57 to
0.63 in the main regression, and 0.24 to 0.30 in the equation excluding time
dummies. This increase is not large enough to make a material impact on
the decomposition of explanatory power discussed above, implying that
the potential biases from the use of instrumental variables are relatively
unimportant for the results.27

Ill. Additional Variables
The results to this point are based on a utility function that is separable
with respect to durable consumption, government consumption, and leisure,
and the assumption that the impact of deviations from the risk-sharing
model can be captured using changes in aggregate provincial income. This
section explores the impact of using a more general model of consumption
on the results.
Lack of separability between nondurable consumption, other types
of consumption, and leisure, will affect the behavior of optimizing
27When the instrumented values for the income terms were substituted for the
actual income terms in the least-squares regression, the fit of the equation fell, sug
gesting that the lack of explanatory power of the actual income terms does not
reflect errors in measurement.
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consumers.28 If durable goods are partial substitutes for nondurable goods,
this implies that their relative price should be included i n the part of the
regression explaining the behavior of optimizing consumers, with a rise in
the relative price of nondurable goods being associated with lower non
durable consumption.29 Similarly, if government consumption is a partial
substitute for private nondurable consumption, the change in government
consumption should be included i n the regression, with a rise in government
expenditures being associated with a fall in nondurable consumption.
Finally, if there is a trade-off between consumption and leisure, then real
wages or hours worked should also be included in the equilibrium part of the
regression, with increases in wages or hours being associated with higher con
sumption. The unemployment rate was used as a proxy for changes in hours
worked.30 A potential problem with this is that changes in unemployment are
also often considered to be a useful additional variable to explain the behav
ior of liquidity-constrained consumers. To the extent that such consumers dif
fer from the population as a whole, for example, by being poorer or located
in specific industries, changes in the disposable income of constrained con
sumers may not equal changes in income for the province as a whole, and
unemployment may therefore be a useful additional proxy for such effects.
As these two effects operate in the same direction, it is very difficult to
disentangle their relative influence. In what follows, the impact of the
unemployment rate on the results is reported in such a manner that either
hypothesis, whether it reflects optimizing behavior or the impact of
constrained consumers, can be ascertained.
Taking all of these considerations into account, and retaining the assump
tion that utility functions are identical across regions, the estimating equa
tion becomes

!:lcrr

=

7"

A.,!:ly, + <j>,Urr + (1 - /.. , )(a+ ro!:lp,l + v!:lgrr + L OJd), (5 ')
)=2

where UNrr is the unemployment rate in province r, Prr is the logarithm of
the relative price of nondurable goods to durable goods (measured using
28 Earlier work on these issues includes Mankiw and Rottemberg ( 1985) and Eichen
baum, Hansen, and Singleton ( 1 988) on labor supply, Bemanke ( 1985) on durable
goods, and Aschauer ( 1 985) on government purchases. Empirical microeconomic
work has generally ignored these nonseparabilities (Browning and Lusardi, 1995).
29Lewis ( 1996) argues that nonseparabilities between traded and nontraded goods
can exp lain most of the correlation between consumption and income across coun
tries. Our data do not distinguish between traded and nontraded goods, so we are
onl6, able to consider nonseparabilities between durable and nondurable goods.
3 Comprehensive data on hours worked are not available for aJI provinces.
Hourly wages are only available from 1983, which would have severely restricted
the sample.
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implicit price deftators), g,. is the logarithm of real government consumption
per capita, and Greek letters represent estimated coefficients.3 1 The coeffi
cients on relative prices and government consumption are constrained to be
equal across provinces since the underlying utility functions are assumed to
be the same, while the coefficients on unemployment, whose effect is more
ambiguous, are allowed to vary.32 The instrument set was augmented by the
new variables, that is, the change in the relative price of nondurables for all
provinces, the change in real government consumption for aJI provinces, and
the change in the unemployment rate for each province separately.
The results from this exercise are shown in Table 6. The full model now
explains 70 percent of the variation in consumption over time, somewhat
higher than the equivalent model reported in Table 2. The coefficients on
income and on the time dummies continue to be highly significant, as is the
coefficient on the rate of change in government consumption. However, the
coefficients on the relative price of nondurable goods and on unemployment
are not significant at conventional levels.33 Hence, the improvement in the
equation appears to largely reflect the inclusion of government consump
tion, whose coefficient of -0. 1 4 implies that each 1 percent rise in govern
ment consumption lowers private consumption of nondurable goods by
0. 1 4 percent. As government consumption represents about 45 percent of
private nondurable good consumption over the estimation period, this
implies that each dollar increase in government consumption lowers
nondurable private consumption by about 30 cents.
The results for the risk-sharing model are reported both excluding and
including changes in the unemployment rate. All of the variables in these
regressions, including the change in the relative price of nondurable goods
and (when included) the unemployment rate, are highly significant. The
results indicate that the loss in explanatory power from excluding changes
in disposable income and changes in the unemployment rate are quite
limited, lowering the R2 by 0.07 and 0.02, respectively. Even when the
unemployment rate is regarded as measuring the behavior of liquidity
constrained consumers, therefore, the extended version of the risk-sharing
model explains over 60 percent of the variance of consumption. By con
trast, the model that ignores ri sk-sharing behavior continues to produce a
31 Strictly speaking, this specification will only occur if the underlying utility
function has a Cobb-Douglas form. For other utility functions there should also
be interaction terms between the various types of consumption and leisure. The
chosen specification. however, is the one usually used in the literature .
.l2The unemployment coefficients are consu·ained to be the same in the risk-sharing
specification, as the utility functions are assumed to be the same across provinces.
JJ When the coefficients on income are constrained to be equal across provinces,
the coefficient is 0.16, very similar to that found in the simpler model discussed
earlier.
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Decomposilion of Consumption: Ex/ended Model

Esti mati ng Equation:Lk;, =A.,6y, +$;6UN, + ( I - A.,)(a+ 9,6p, +y6g, +

Rz

Adjusted R2
Coefficient on
relative prices
Coefficient on
government
consumption
Wald tests for:
Joint significance
of income terms

(A., = 0) X2(10)

Excluding·•

In lud ing•

0.70
0.61
-0. 1 9
(0.13)
-0.14
(0.03)**

0.61
0.57
-0.26
(0.07)**
-0.14
(0.02)**

0.65
0.58
-0.20
(0.07)**
-0.14
(0.02)**

c

49.8**
15. 1

Joint significance
of time dummies

85.9**

173.1**

);1

Income model
Excluding·•

Including•

0.24
0.19

0.38
0.30

1 22.8**

72.8**

30.6**

Joint significance of
unemployment
terms

(cj>; = A.) Xz( I 0)

Full insurance model

Complete
model

T

"LJ>1d1 )

72. 1 **

1 35.8**

(o, = 0) X2( 16)

Notes: All tests are calculated using heteroscedastic adjusted standard errors. The
instruments in the estimation for each province were a constant term, the change in rel
ative prices. the change in government consumption, the change in the unemployment
ratio. the second lags of the growth in consumption. growth in disposable income. and
ratio of consumption to disposable income, and time dummies. One asterisk indicates
the test is significant at the 5 percent level; two asterisks indicate the test is significant
at the I percent level.
• Excluding or including change in the unemployment rate.

large deterioration in the explanatory power of the model, particularly when
the unemployment terms are excluded. Adding the variables that represent
risk-sharing behavior either doubles or triples the explanatory power of the
equation, depending on the assumption made about unemployment. In
short, extending the model does not affect the basic results.

IV. Conclusions
This paper has proposed a specification for testing the relative importance
on consumption of risk-sharing behavior and changes in income, and tested
it using data on nondurable consumption across Canadian provinces.
Empirically, the focus has been less on whether or not either model can be
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rejected based on parameter constraints than on how much each of the main
hypotheses can contribute to explaining overall variation in consumption.
Formal statistical tests consistently indicate that both types of behavior
are statistically significant. However, most of the marginal explanatory
power comes from risk-sharing behavior rather than changes in income.
This is true of both the basic model and an extension that takes account of
nonseparabilities in the utility function and the impact of changes in unem
ployment. The results also indicate that the inclusion of terms that capture
the behavior of fully insured consumers reduces the estimated proportion
of consumption associated with changes in income.
These results may help explain why the empirical characterization of
consumption has been difficult to resolve. They imply that while changes
to income are a significant factor in explaining consumption, its importance
may have been overstated in models that take no account of risk-sharing
behavior. At the same time, the sensitivity to income is small enough to be
difficult to identify in microeconomic data sets, where the data suffer from
large amounts of noise. In summary, changes in income appear to be a sig
nificant but relatively subsidiary part of the explanation of variations in
consumption, at least across Canadian provinces.
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The Effect of Expected Effective
Corporate Tax Rates on Incremental
Financing Decisions
REINT E. GROPP*

This paper 11ses U.S. panel data to estimate the effect of expected effective
corporate tax rates on the amount of debt issued by firms. The paper
directly estimates expected corporate tax rates using rational expectations.
The estimated measures of expected effective tax rates offirms are related
to a continuous measure of incremental debtfinancing. The paperfinds that
expected effective tax rates are significantly and positively related to a
higher level of debt financing. Simutations suggest that debt issues would
double iffirms were unable to shieldprofits and actuallyfaced the statutO!)'
tax rate. [JEL H25, H32, G32]

T

HE CURRENT SYSTEM of corporate taxation in the United States treats
debt and equity financing of firms differently. Interest payments, unlike
dividends, are deducted from the corporate income tax and, therefore, enjoy
a tax advantage. Firms with higher corporate tax rates have an incentive to
increase leverage. Although most firms face the same statutory tax rate,
effective corporate tax rates may vary greatly because of differences across
firms in the ability to shield profits from the corporate tax.1 A firm with
higher investment tax credits, accelerated depreciation allowances, or tax
loss carryforwards faces lower effective corporate tax rates than an identi
cal firm without these nondebt tax shields.
A large number of studies attempt to empirically establish the relation
ship between nondebt tax shields and financing choices of firms. Titman

* Reint Gropp is an Economist in the Fiscal Affairs Department. The author
would like to thank John Karl Scholz, James Andreoni, Guy Meredilh, Liam Ebrill.
and especially David Mauer, for valuable comments and suggestions.
1 Income up to $100,000 is taxed at a lower rate, which generally only concerns very
small firms. T
h is feature of the corporate tax system is ignored throughout this paper.
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and Wessels ( 1 988) and Bradley, Jarrell, and Kim ( 1 984), among others,
fail to find significant tax effects. MaciGe-Mason ( l 990a) shows that it is
important to consider incremental financing decisions, rather than aggre
gate debt-equity ratios. If effective tax rates of firms change over time,
aggregate debt-equity ratios are the result of financing decisions made with
different tax incentives. He relates tax loss carryforwards to the probability
of issuing debt versus equity, given that the firm chooses to use external
financing, and finds that firms with more tax loss carryforwards and, hence,
lower expected effective tax rates are significantly less likely to issue debt.
This finding supports the tax hypothesis of capital structure choice.
MacKie-Mason 's approach has two major shortcomings. The sample is
limited to firms that issue either debt or equity publicly and, hence, does not
consider the full menu of financing available to each firm.2 In addition, the
discrete choice approach discards valuable information about the magni
tude of debt or equity issues. Both shortcomings make the obtained coeffi
cients difficult to interpret.3
The previous literature has focused on relating proxies for expected cor
porate tax rates to firms' financing choices without explicitly testing the
quality of their tax proxies. In this paper explicit behavioral assumptions
are made about the process governing the formation of firms' expectations.
This approach provides a direct test of the effect of the proxies used in the
previous literature on the expected corporate tax rate. The paper uses a two
step approach. First, expected effective corporate tax rates are estimated
using information about current tax loss carryforwards, investment tax
credits, and current effective tax rates, as well as other observable firm char
acteristics. In the second stage, this measure is related to the firms' incre
mental debt financing.
In addition, the paper attempts to address some of the other shortcomings
of the previous literature by considering all financing choices available to
the firm, as well as by estimating tax coefficients for a sample containing
all major manufacturing firms, regardless of their financial decisions or
industry. Estimated expected tax rates are found to have a substantial effect
on the amount of debt issued by firms in all specifications. Factors inftu2 Bond and stock issues, as well as bank loans and retained earnings, compose the
full choice menu of the firm.
3Gentry ( 1994) compares the capital structure decision of publicly traded part
nerships and corporations in the United States oil and gas exploration industries. He
finds that partnerships, which are not subject to the corporate income tax, are sig
nificantly less likely to use debt financing, which provides support for the tax
hypothesis. His estimates, however, only apply to one industry and cannot be gen
eraJized to reach conclusions about the whole population of firms in the United
States. Gropp ( 1995) uses variation of local business tax rates in Germany and finds
that taxes have a signjficant effect on the capitaJ structure choice of German firms.
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encing effective corporate tax rates, like statutory tax rates, the magnitude
of investment tax credits, and accelerated depreciation allowances, are
likely to have at least a moderately large effect on the supply of debt and
equity by firms and, hence, on capital markets.

I. Estimation of Expected Effective Corporate Tax Rates
Although the corporate income tax is generally a flat tax, even firms with
identical profits in a given period might face different effective tax rates.
Firms are allowed to carry profits and losses forward as well as backward
to smooth their tax burden over time.4 Moreover, some firms might benefit
from investment tax credits or accelerated depreciation allowances, which
tend to decrease effective tax rates. By the same token, firms' expecta
tions about future tax payments depend on past profits, as well as on future
and current investment tax credits, and future extraordinary expenses
(discontinued operations).
There have been several different attempts to model firms' ability to shield
profits and the resulting effective tax rates. Bradley, Jarrell, and Kim ( 1 984)
calculate the 20-year average of annual depreciation plus investment tax
credits divided by average earnings. The authors regress this proxy of firms'
effective tax rates on the firms' debt-to-value ratio and find a significantly
positive coefficient, which is taken as evidence against the tax hypothesis of
capital structure choice. Titmao and Wessels ( 1988) in a more elaborate
empirical model, but with a similar measure, find insignificant tax effects.
MacKie-Mason ( 1 990a) points out that investment tax credits might not
be a good predictor of lower future effective tax rates because they might
be positively correlated with more profitable investment opportunities.
Firms with more profitable investment opportunities, however, are less
likely to be tax exhausted. This reasoning might explain Bradley, Jarrell,
and Kim's ( 1 984) estimated positive and significant relationship between
investment tax credits and debt financing. MacKie-Mason ( l 990a) attempts
to address this problem by interacting investment tax credits with a mea
sure of the firms' likeljhood of tax exhaustion (Altman ' s ( 1 968) bankruptcy
predictor) and finds the expected negative and significant effect. In addi
tion, the author proposes tax loss carryforwards as a variable that will unam
biguously indicate lower future tax rates and finds that firms with tax loss
carryforwards are significantly less likely to issue debt. This is evidence in
favor of the tax hypothesis of capital structure choice.
4 See Auerbach and Poterba ( 1 987) and Altshuler and Auerbach ( J 990) for more
institutional details about tax loss carryforwards and their effect on the effective
corporate tax rates of firms.

©International Monetary Fund. Not for Redistribution

REINT E. GROPP

488

This paper extends the approach taken by MacKie-Mason in that the
effect of tax shields on future tax rates is explicitly modeled. Using U.S.
panel data, we estimate several measures of expected taxes under different
assumptions about the process of expectation formation of the firm. This
approach affords a direct test of the effect of the proxies used by previous
authors on future effective tax rates.
Previous studies have assumed that the financing and investment deci
sions of firms are independent (see, e.g., MacKie-Mason, 1990a, and Gen
try, 1 994).5 The same approach is adopted here and firms are assumed to
follow a two-step decision process. Specifically, in each period, firms make
an investment decision first. Given this investment, firms decide how to
finance it and also whether to adjust their capital structure. Firms can adjust
their capital structure by issuing debt to repurchase shares, or by issuing
equity to retire debt. ln each period, firms form expectations about the dis
counted present value of the tax payments in each future period associated
with the returns generated by the new investments, given their information
set at time t. This can be written as

E,;[P \Ij,,,;] = h(l,;),
where PVuu represents the discounted present value of the tax payments of
the investments of firm i at time t, E is the expectations operator, and /,
denotes the information set of firm i at time t.
It is not possible to calculate PVuu.• directly, because one does not have
information on the firms' individual investment projects, their returns, and
associated tax payments. Hence, four different proxies are proposed that are
calculated on the basis of different assumptions about the rate at which the
firm discounts the future. All proxies are estimated using a simple rational
expectations approach. First, the firm is assumed to only look one period
into the future and we present two consistent estimators for that case. Sec
ond, firms are assumed to have a horizon of five years. Two estimators are
presented for that case as well. Each model is discussed in turn.
•

.

Model I : Actual One-Period-Ahead Tax Rates

Kennan ( 1 979) shows that under the assumption of rational expectations,
the actual value can be used as a proxy of the expectation. Hence, the actual
effective corporate tax rate of firm i in period t + I , 't1+ 1 . i • can be used as a
proxy for the expected effective corporate tax rate, £,;['t,+J.;], and under the
5This appears to be a reasonable assumption. Recently Mauer and Triantis
,

( 1 994) developed a model that suggests the feedback effects between financing and
investment decisions are likely to be small.
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additional assumption that firms assign a discount factor of infinity to all
periods after 1 + I , 'tr +l.i is also a proxy for E,;[PVuu.d.r'
Model IT: Linear Prediction of One-Period-Ahead Tax Rates

Alternatively, in order to obtain £,['t,+11] a simple linear projection can be
used.7 Holden, Peel, and Thomson ( 1 985) show that consistent estimates of
the expected effective corporate tax rates, given the information available
to firm i at time t, can be obtained by using the predicted values from the
estimating equation
(I)
with la 1 1 <1 to ensure stationarity. The effective corporate tax rates in period
t+ 1 for firm i is denoted by 't,+ 1.; , and X,1 represents the vector of variables
in the information set of firm i at time t. The specification allows for effects
across time and firms.
Hsiao ( 1 986) shows that the estimated parameters obtained from a two
factor fixed effects estimation of equation ( 1 ) are inconsistent, because a
lagged dependent variable appears as one of the explanatory variables and,
therefore, 't1; and the error term of equation ( 1 ) might be correlated. The mag
nitude of the problem decreases with the length of the panel (i.e., the num
ber of observations for each firm). In addition, the interpretation of the
results from estimating equation ( I ) depends upon assumptions about
the "endowed" effective tax rate of each firm i.
Hsiao ( 1 986) gives a consistent feasible generalized least squares esti
mator for the case when -r01 is independent of the unobservable firm-specific
effect, a1, where 'to; represents the initial effective tax rate of firm i in period
0. Intuitively, this estimator implies that the initial observation for each firm
i is drawn from some distribution that is common to all firms, and the
impact of -r01 on subsequent effective tax rates of the firm gradually dimin
ishes over time and eventually disappears.8 Whereas this model and Model !
described in the previous subsection should yield very simi lar proxies for
£,1 [-r,+t.;], Model II has the additional benefit of enabling us to test the abil
ity of measures of firms' debt and nondebt tax shields to predict future
effective tax rates.
6This also describes the case when the investment only lasts one period.
7This is a "rational" expectations model in the sense that firms use all informa
tion available to them to "rationaUy" predict 'tt+ 1 This does not imply that this will
yield a "rational" prediction of PV,'-'·'' unless the investment only lasts one period.
8 Altematively, one could assume that 't;o and ex, are correlated. This has the unde
sirable consequence, however, that each firm i converges to some final tax rate that
is primarily characterized by the unobservable effect c:x1. For further discussion, see
Hsiao ( 1 986).
•••
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Model H I : Linear Prediction of Undiscounted Five-Period-Ahead
Tax Rates

1 t is likely that firms, when making decisions concerning long-term
financing instruments, form expectations about effective tax rates more than
one period into the future. The number of periods is arbitrarily fixed at five.9
Consider the case when firms do not discount effective tax rates occuning
up to five years into the future and assign a discount factor of infinity to all
tax rates at period t+6 and beyond. A consistent estimator is then obtained,
namely,

-[� ].

£
"'tt+.r.i
, .<=I
£... 5

(2)

by using equation (2) in place of E,;["'t,+t .;] in equation ( I ). The variables con
tained in the information set of firm i at time t are then regressed on the
unweighted average of the actual effective tax rates at t+l, t+2, .
, t+5
and use the predicted values of this regression. The same specification and
explanatory variables as in the previous model are used.
.

.

Model IV: Linear Prediction of Discounted Five-Period-Ahead
Tax Rates

Next consider the case when firms discount tax payments accruing fur
ther out into the future more heavily than more current tax payments.
Hence, instead of the unweighted average of tax rates proposed above, the
following weighted average is used:
5

1

L - "'t,+.d
.<;J s

(3)

±!

.r=l S

Expression (3) implies that the discount factor is increasing at a decreasing
rate as firms look farther into the future. The expression has the additional
convenient property that it yields a single tax rate and its coefficient can be
easily interpreted.10 Expression (3) is used in place of the dependent vari
able in equation ( J ) The same econometric methodology and explanatory
variables are used as in Model IlL
.

9 In the empirical analysis below, three periods ahead yield very similar results.
weights from expression (3) are 0.444 for period 1 + I , 0.224 for period
t + 2, 0.124 for t + 3, 0. 1 14 for t + 4. and 0.094 for period 1 + 5.
10 The
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Determinants of Future Effective Tax Rates

It is difficult to completel.y and accurately account for all variables in
firms' information sets. To mini mize the arbitrariness of this choice, X,
of equation ( I ) includes proxies for effective corporate tax rates that pre
vious studies have used (see MacKie-Mason, 1 990a, and Titman and
Wessels, 1 988).
Tax loss carryforwards are the portion of past losses that can be offset
against future profits to decrease effective tax rates. Hence, tax loss carry
forwards capture most of the information about the earnings history of the
firm that is relevant for future effective tax rates. Tax loss carryforwards
(scaled by sales) could be expected to be a predictor of lower future effec
tive tax rates (see also MacKie-Mason, 1990a).
Auerbach and Poterba ( 1 987) find that firms have a low probability of
moving from a nontaxable to a taxable state and vice versa. Therefore, cur
rent effective tax rates as a predictor of future effective tax rates are used.
Firms with currently low tax rates could be expected to also have low futme
tax rates and we expect to find a positive relationship between current and
future tax rates.
As described above, previous research has not found the expected neg
ative relationship between investment tax credits and future effective tax
rates, because firms with larger investment tax credits might be more prof
itable and face higher taxes. Controlling for current tax status, a firm with
higher investment tax credits (scaled by sales) can be expected to face
lower future effective tax rates. In addition, we follow MacKie-Mason
( 1 990a) and interact investment tax credits with Airman's ( J 968) pre
dictor of bankruptcy. The bankruptcy predictor is also included by itself,
since a firm close to bankruptcy can clearly expect to pay lower effective
tax rates.
Depreciation (scaled by sales) is another measure of tax shields that
might be available to the firm. Firms with large depreciation expenses are
more likely to face lower effective tax rates in the future compared with
otherwise identical firms with lower depreciation expenses.
If a firm has issued substantial amounts of debt in the past, it might face
lower effective tax rates because its high interest payments decrease re
ported profits. Hence, the debt-total asset ratio is included as an explana
tory variable in equation ( I ).
Finally, following MacKie-Mason ( 1 990a), we include two measures of
the variability of the firm's earnings as explanatory variables. The more
variable the firm's earnings, the more of its profits the firm might be able to
shield from taxes by carrying losses forward to offset profits. A negative
coefficient is expected on both variables.
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11. Data

Sample Selection

This study uses annual firm level Compustat data spanning 1979 to 1 99 1 .
The sample includes manufacturing firms (SIC codes 2000 to 4900) traded
at either the New York Stock Exchange or the American Stock Exchange,
that are covered by the Compustat industrial tape. The total sample size is
1 6,930 for the sample period, which represents 1 ,300 firms. Some firms do
not have any data in some periods, however. To generate a balanced panel,
all firms with missing years are deleted . 1 1 The primary sample has 929 firms
with complete data for 1 3 years, which yields 1 2,077 observations. For
missing values of imp01tant variables, firm-specific or industry-specific
means are used.12 The firms in the sample represent 78 percent ( 1990, all
firms) or 62 percent (I 990, for the balanced panel) of the total market value
of aJI firms traded at either the New York Stock Exchange or the American
Stock Exchange.13
Other Data Considerations

This paper considers the effect of taxes on incremental financing (the
change in the level of debt). The tax rate that most accurately reflects firms'
incentives is the marginal effective corporate tax rate. Marginal effective
tax rates of the investment projects of firm i in period t are not observed in
the data, but rather average effective tax rates. Therefore, the average effec
tive tax rate is used as a proxy for the marginal rate.
Marginal tax rates might differ dramatically from average tax rates for
firms reporting a loss and for firms with tax loss carryforwards. The effect
of tax loss carryforwards in the empirical specifications is controlled for,
but it is impossible to accurately calculate effective tax rates for firms
reporting a loss in a given period, because effective tax rates arc defined as
1 1 It simplifies the econometrics considerably to estimate Models 11 through IV
using a balanced panel. Estimating the models for the unbalanced panel and allow
ing for fixed effects across firms and periods requires the estimation of a large num
ber of additional parameters (see Hsiao, 1 986). To assess the sensitivity of the
results to the dropped firms, results for Model I are also reported with the unbal
anced panel using ordinary least squares with time and industry dummies. These
results are reported in Section VI.
12
Using this method rather than imputing missing values generally increases
standard errors of the estimated coefficients.
1 3 The total market value of all stocks traded at the NYSE and the AMEX is
approximately $2,961 billion ( 1 990; see United States, Bureau of the Census,
1 992), the market value of all stocks in the unbalanced panel in 1990 was $2.320
billion. and in the balanced panel $ 1 .548 billion.
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income tax payments divided by profits before taxes. Effective tax rates for
these firms are coded as follows: firms reporting losses, yet with positive
tax payments, are coded with the statutory tax rate (365 cases). We suspect
that the firms reported a small positive profit for tax purposes, but due to
differences between financial and tax accounting, reported a loss for finan
cial purposes.14 We assume that the profit reported for tax purposes is tax
able at the statutory rate. Firms reporting a loss and receiving a refund are
coded with the negative statutory corporate tax rate ( 1 ,394 cases). We also
assume that these firms have unused tax shields, which should be reflected
in their effective tax rate.15 For all other firms, effective tax rates are
obtained by dividing actual income tax payments by profits before taxes,
interest. and discontinued operations ( 1 5 , 1 54 cases).16
An additional problem arises if a firm has earnings close to zero. In that
case even a small tax payment may result in extremely high effective tax
rates. This is evident from the maximum of6,600 percent and the minimum
of -39,000 percent reported in Table A 1 . It is possible that these extremely
high or low effective tax rates could have a disproportionate influence on
the results. Therefore, the tax variable is split into two variables: a "good"
tax rate, which is equal to the effective tax rate if the effective tax rate is
between zero and one, and zero otherwise, and a "bad" tax rate, which is
equal to the effective tax rate if the effective tax rate is outside the range of
zero and one, and zero otherwise. The primary specifications use this split
variable.
Auerbach and Poterba ( 1987) point out that there might be a large dis
crepancy between the profits that are reported for financial purposes
recorded in the Compustat data, and profits reported for tax purposes, which
are not publicly available. The first source of discrepancy arises from dif
ferences in depreciation allowances. For the computation of financial prof
its, firms use straight-line depreciation, while for tax purposes firms are
allowed to include accelerated depreciation allowances. Therefore, profits
reported in Compustat will be higher than in the tax returns. Firms' effec
tive tax rates consequently will be lower in Compustat data than for tax pur
poses, because tax payments are calculated using lower profits. Accelerated
depreciation allowances are designed to increase investment by lowering
14 Other problems arising from differences in tax and financial accounting are

discussed below.
15 Fullenon ( 1 984) discusses this problem and reports that in previous studies
estimating the effect of effective tax rates on investment, firms with losses were
coded with their actual tax payments as proxies for effective tax rates. The approach
taken here avoids the large outliers associated with that convemion.
1 6 Discontinued operations are investments that the firm believes will not gener
ate any return in the future and, therefore, are considered without value to the firm
and are depreciated in their entirety for financial purposes. Firms are not allowed to
depreciate these items fully for tax purposes. This is discussed below.
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the taxes firms pay on investments. Whereas when using the effective tax
rate calculated from financial statements. it is possible to capture the in
centives intended by the policymaker, the measure is clearly not an accu
rate reflection of the "true" effective tax rate faced by the firm. This is an
important caveat to keep in mind.
A second discrepancy between financial and tax data might arise from
the treatment of discontinued operations and other large "extraordinary"
write-offs and expenses. Auerbach and Poterba ( 1987) point out that a
firm, by discontinuing an unprofitable operation and writing it off, might
report a substantial loss in its financial statement but receives no tax ben
efit from the transaction. ln this case financial profits are lower than the
profits reported to the tax authorities, leading to overly high effective tax
rates for these firms. Therefore, when calculating effective tax rates, the
Compustat variable "discontinued operations" was added back to the profit
variable.

Ill. Estimated Effective Tax Rates
Results from the first-stage estimation of effective future tax rates are
presented in Table I . Although these results are primarily used to generate
the predicted values used in the estimation of incremental debt-asset ratios,
they are also of independent interest. The estimated coefficients are very
similar for all three models. Current effective tax rates are an important pre
dictor of future effective tax rates. An increase in current effective tax rates
of I percentage point is associated with a 0.48 to 0.68 percentage point
increase in future effective tax rates, using the coefficient on the "good" tax
rate variable. Table A2 in the Appendix reports results for specifications
using a single tax rate. lt is evident that if the tax rate is not split, the effect
of current tax rates on future tax rates would be substantially smaller, which
is likely due to the exceptionally high and low tax rates in the sample.
It is surprising that tax loss carryforwards appear to be correlated with
higher future effective tax rates when controlling for current tax rates,
although the coefficients are very small and insignificant. It appears that
tax loss carryforwards do not contain much additional information when
controlling for current effective tax rates.
Contrary to MacKie-Mason ( 1 990a), investment tax credits are signifi
cantly negatively related to lower effective corporate tax rates. The second
measure of nondebt tax shields used, depreciation divided by sales, is also
a strong predictor of lower future effective tax rates, despite the fact that
the depreciation variable is likely to be incorrectly measured because of its
failure to allow for accelerated depreciation allowances.
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Variable
"Good" effective tax rate
"Bad" effective tax rate
Tax loss carry forwards
Investment tax credits
Depreciation
(Investment tax credits) X
(bankruptcy predictor)
Bankruptcy predictor
Current debttotal asset ratio
Variance of earnings.
Type A
Variance of earnings.
Type B
(Variance A) X
(bankruptcy predictor)
1979
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991

Constant

495

Estimation of Effective Tax Rates

Model ll:
one-period-ahead
tax rates

Model Ill:
unweighted fiveperiod-ahead taxes

Model IV:
weighted fiveperiod-ahead taxes

0.679**
(0.034)
0.044**
(0.005)
0.009
(0.006)
-3.425**
( 1 .436)
-0.202**
(0.067)
1 .043
( 1.316)
-0.0002
(0.0024)
-0.082**
(0.03 1 )
-0.270**
(0.068)
-0.142
(0.124)
0.003
(0.0 1 3)
0.006
-0.036*
0.0 1 8
0.030
-0.01 I
-0.027
0.026
-0.039*
-0.043**
-0.029
-0.015
-0.015

0.48**
(0.022)
0.003
(0.0027)
0.005
(0.0038)
-4.178**
(0.87)
-0. 151 **
(0.044)
1 .409*
(0.839)
-0.0003
(0.002 1 )
-0.095**
(0.022)
-0.286**
(0.046)
-0.373
(0.7 1 1 )
0.002
(0.0 15)
-0.003
-0.002
0.024*
0.008
-0.013
-0.018
-0.022*
-0.040**

0.603**
(0.023)
0.003
(0.0028)
0.006
(0.004)
-3.672**
(0.883)
-0. 190**
(0.045)
1 . 1 12
(0.85 1 )
-0.0004
(-0.0022)
-0.049**
(0.022)
-0.266**
(0.046)
-0.504
(0.722)
0.002
(0.0 15)
-0.002
-0.009
0.026**
0.018
-0.009
-0.010
-0.001
-0.035**

0.1 15**

0.157**

0.113**

N

12,077

8,361

8,361

R2

0.12

0.13

0.13

Notes: Definitions and descriptive statistics are in the Appendix. Recall that Model I
uses actual one-period-ahead effective tax rates. Model 11 is a random effects model, estimated by feasible generalized least squares; Models Ill and IV are estimated by two-factOr
fixed effects. Standard errors are in parentheses. One asterisk and two asterisks represent
significance at the I 0 percent and the 5 percent level, respectively.
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Similarly, firms with a greater variance in earnings (Types A and B) tend
to have lower effective tax rates, which presumably is a reflection of their
greater ability to shield current profits with losses from previous periods.
The current debt-total assets ratio is associated with significantly lower
effective tax rates. This is an interesting result, because at first glance it
appears to contradict the hypothesis that higher taxes should be associated
with more debt financing. Debt-total asset ratios, however, are the cumu
lative result of a large number of financing decisions and, hence, the coef
ficient should be interpreted as reflecting the greater amount of interest tax
shields of highly leveraged firms. The estimated coefficient on Altman's
( 1968) bankruptcy predictor is negative, as expected. but the coefficients
are small and not significanl.
Poterba ( 1 992) shows that effective corporate tax rates reached their peak
in 1980 at 42.6 percent (the statutory tax rate in 1 980 was 46 percent) and
declined subsequently, with the exception of 1987 when effective tax rates
increased from 30 percent in 1986 to 37 percent in 1987 (in 1 988, the effec
tive tax rate decreased back to 30 percent). This pattern is roughly reflected
in the negative coefficients for most periods after 1 980 (the omitted
category). All other coefficients are insignificant, although most have the
predicted sign.

IV. Estimation Of Financing Decisions
As a second step the measures of the firms' expectation of future effec
tive tax rates obtained in the previous section are related to a continuous
measure of the firms' financing decision. MacKie-Mason ( J 990a) first
pointed out that it is important to use measures of incremental financing
decisions rather than debt-equity ratios, because the debt-equity ratio of the
firm is the sum of many financing decisions and changing expectations
about future tax rates. A simple measure of incremental financing of firms
is the change in total debt scaled by the firms' total assets. This dependent
variable permits one to calculate elasticities of debt financing with respect
to effective corporate tax rates and obtain a more accurate picture of the
magnitude of tax effects on firms' financing decisions.17
If firms with higher expected tax rates have lower total assets, we might
mistakenly interpret an estimated positive coefficient as evidence in favor
of the tax hypothesis. Therefore, the level of total assets is included sepa
rately as an explanatory variable. Similarly, if firms with higher effective
17 This continuous approach also does not select firms based on their financing
choice. More important, information about the magnitude of debt or equity issues
is utilized, unlike in the discrete choice approach used by MacKie-Mason ( 1990a).
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tax rates have more profitable investment opportunities, the tax coefficient
would be biased upward. A measure of the firms' current investment is
included to control for this effect.
The estimating equation for firms' financing decision is of the form

D,+li

=

13o + j3; + j3,

with the restriction

+ l3tE,;[PV,ax,;] +

j32A1;

+ E,;,

and where D,..1; represents the change in total debt divided by the level of
total assets for firm i in period t + I, and E,;[PVttu.;] denotes the respective
proxy used for the expected discounted tax rates associated with the invest
ment of firm i. To account for the effect of very high or low effective tax
rates (see also the second part of Section Il), we split E,;[PV;.""] into two
variables: a "good" tax rate that is equal to the predicted value of Models 11
to I V estimated previously if the predicted value is between zero and one.
and zero otherwise, and a "bad" tax rate that is equal to the predicted value
if the predicted value is outside the range of zero and one, and zero otherwise.
A,; represents the vector of variables measuring alternative theories of
capital structure choice. These variables and the underlying theories are dis
cussed below. We estimate a two-factor fixed effe.cts model allowing for
effects across time and firms.

V. Other Theories of Capital Structure Choice
Most alternative theories of capital structure choice are based on the idea
that managers, stockholders, and bondholder.s of the firm have diverging
interests and incomplete information, and are unable to completely moni
tor each other. Unfortunately, there is currently no theory that unifies th�.:
tax approach to capital structure choice with approaches based on asym
metric information. This paper is primarily concerned with tax effects. hut
the failure to control for these alternative theories may bias the estimate\.
Hence. proxies for several alternative theories that others have found to ht:
significantly related to firms' financing decisions are introduced into the
empirical specification.1x Because we are following MacKie-Ma,on
( 1990a) very closely in the choice and definition of these proxies. only <t
very brief description of the variables and their predicted effect on ti1L·
amount of debt financing is needed.
1 " For a survey,

see Tit man and Wesscls ( 19R8 ).
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Myers and Majluf ( 1 984) and Myers ( 1 984) propose a model that is con
cerned with the decision between external (bond issues, stock issues) ver
sus internal financing (bank loans, retained earnings), and not with the
choice between debt and equity. The relative infrequency of stock and bond
issues is explained with a simple "lemons" model. If managers have infor
mation about the firm that investors do not, firms will only be able to issue
stock at a discount. Hence, firms will issue stock only as a last resort after
having explored all other possible sources of funds. In the remainder of the
paper, this theory is referred to as the signaling hypothesis.
Since Myers's ( 1 984) and Myers and Majlufs ( 1 984) theory is concerned
with the choice between external and internal financing, retained earnings
scaled by total assets are included as an explanatory variable. Asymmetric
information increases the cost of public issues of either debt or equity. The
inclusion of retained earnings as an explanatory variable controls for inter
nal equity financing. Conditioning on retained earnings, the equity alterna
tive (stock issues) should be more affected by the lemons problem than the
debt alternative (bank loans and bond issues) measured by the dependent
variable. If internal and external equity financing are imperfect substitutes,
firms with more retained earnings will use less debt financing.
According to the traditional view on dividend taxation, dividends are
costly signals to the current shareholders.19 If a firm pays dividends, new
shareholders might view a dividend-paying firm more favorably than a
non-dividend-paying firm. Controlling for retained earnings. a dividend
paying firm should use less debt finance. because it is able to issue equity
more cheaply (the variable is coded as one if firms pay dividends). Along
similar lines, investors will require a smaller lemons premium if the stock
price recently increased, which also might signal a weJI-performing firm
(MacKie-Mason, 1 990a). Hence, we use the previous year's change in the
firm's stock price as an explanatory variable.
Myers ( 1 977) presents a model in which a large amount of outstanding
debt causes underinvestment in new projects, because managers require the
investment to generate a sufficiemly large return not only to satisfy the debt
payments (including principal) but also to generate an incremental return
for the stockholders. The first best condition would only require that the
investment generates an acceptable return on the incremental investment,
and, hence, there is underinvestment. Jensen and Meckling ( 1 976) argue in
a related model that firms with large debt burdens may take excessive risks
because the stockholders gain if the risk succeeds, but only the bondhold
ers lose if it fails. Hence, it should be very costly for these firms to issue any
new debt.
19 For a comprehensive summary of the ..new" versus the ..old'' views on dividend
taxation, see Zodrow (1991).
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Proxies related to this set of agency theories measure moral hazard and
hence are related to the amount of debt already issued (MacKie-Mason,
1 990a and 1 990b). The ratio of plant and equipment ro total assets indicates
the relative importance of the assets already committed. Agency theory pre
dicts that it should be cheaper to raise additional debt for firms with more
assets committed. Jn addition, the firm's research and development expen
ditures as well as its advertising expenditures, whose values depend on
future investment decisions (see Bradley, Jarrell, and Kim, 1984, and
MacKie-Mason, 1 990a), are used to measure the amount of intangible
assets in the firm. If there are more intangible assets in the firm, there might
be a greater potential for moral hazard and, hence, agency theory predicts
that firms with larger research and development expenditures or larger
advertising expenditures use less debt financing.
Jensen ( 1986) considers the opposite case in which firms with large
amounts of free cash flow and few profitable investment opportunities might
invest in projects with submarket returns, because that will keep the control
of the funds with the managers. Stockholders. in an attempt to increase the
amounts of funds that flow out of the firm might want to swap stocks for
bonds. We follow MacKie-Mason ( 1 990a) in the choice of proxies for these
theories related to investment inefficiencies. According to Jensen ( 1986),
firms with a lot of free cash flow and few profitable investment opportuni
ties have an incentive to choose debt. We include Auerbach's ( 1985) mea
sure of cash deficit after average dividends and investment expenditures as
a measure of "free cash flow." In addition, we attempt to account for dif
ferences in profitable investment opportunities by using the ratio of the mar
ket value of equity and the book value of equity as an explanatory variable.
If a firm has a large number of profitable investment opportunities, that
should be reflected in a high market value of equity relative to the book
value. All three hypotheses are lumped together and labeled "agency theory"
in the remainder of this paper.
Finns might use less debt because of the direct and indirect costs associ
ated with bankruptcy. Again following MacKie-Mason ( 1990a). two mea
sures of the variability of firms' earnings, as well as Airman's ( 1 968) bank
ruptcy indicator, are included as independent variables into the specification.
Definitions of all variables are reported in the Appendix. and summary
statistics are in Table A J .

VI.

Estimation Results for Firms' Financing Decisions

Table 2 reports results from two-factor fixed effects models using the pre
dicted values of Models n to IV as proxies for firms' expectations. Recall
that Model I uses the actual one-period-ahead effective tax rate. The depen-
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Table 2.

Expected Tax Rates and Financing Decisions

Variable
Tax
hypothesis

"Good'' effective
tax rates
"Bad" effective

Bankruptcy
costs

Variance of earnings,
Type A
Variance of earnings.
Type B
Variance A x
bankruptcy predictor
Bankruptcy predictor

Agency

Fraction of a�sets in
plant and equipment
R&D expenditures

tax rates

COSL�

expenditures

Advenising

Free cash Row

Market value of equity/
book value
Signaling

Change in stock price
Dividend paying firm

Other

Investment
Net assets

Retained earnings
Total assets
N

Model I

Model ll

0.087**
(0.012)
0.002
(0.002)
-0. 1 1 4**
(0.027)
0.391
(0.442)
-0.004
(0.004)
0.0005
(0.0008)
0.004
(0.004)
0.122**
(0.056)
0.065
(0.063)
0.0007
(0.004)
-0.256
(0.185)

0.11**
(0.015)
0.032
(0.038)
-0.099**
(0.026)
0.452
(0.444)
-0.005
(0.004)
0.0007
(0.0008)
0.007*
(0.003)
0.139**
(0.049)
0.053
(0.057)
-0.0004
(0.004)
-0.241
(0.185)

0.183
(0.127)
0.014**
(0.005)
0.082**
(0.009)
-0.224*
(0.125)
0.012**
(0.004)
-0.144
(0.093)
12.077

Model lfl

Model IV

0.159**
(0.019)
0.412**
(0.152)
-0.052**
(0.025)
0.6 1 1 *
(0.347)
-0.021 **
(0.007)
0.003**
(0.001 )
0.0005
(0.003)
0.073
(0.045)
0.005
(0.053)
0.007*
(0.004)
-1 .076**
(0.367)
0.187
(0.119)
0.003
(0.005)
0.073**
(0.008)
-0.371*
(0.2)
-0.003
(0.003)
-0.223
(0.155)

0.13**
(0.016)
0.468**
(0.146)
-0.058**
(0.025)
0.697
(0.350)
-0.021**
(0.007)
0.003**
(0.001)
0.0003
(0.003)
0.078*
(0.045)
0.008
(0.053)
0.007*
(0.004)
-1 .084**
(0.367)

0.199
(0.127)
0.014**
(0.005)
0.09**
(0.009)
-0.175
(0.123)
0.01*"
(0.004)
0.12
(0.092)
12.077
8,361

0.188
(0. 1 19)
0.002
(0.005)
0.071**
(0.008)
-0.399**
(0.2)
-0.002
(0.003)
-0.245
(0.155)
8.361

Notes: Definitions and summary statistics are in the Appendix. The dependent variable is the change in debt divided by total assets. Two-factor fixed effects model. Fixed
effects for firms and periods not reported. Standard errors are i n parentheses. One and
two asterisks represent significance at the 1 0 and the 5 percent level, respectively.

dent variable is the change in debt divided by the firms' total assets. All four
proxies for expected effective tax rates are positively related to the amount
of debt issued by firms. The estimated coefficients are significant at any con
ventional significance level in all four models. Firms with higher expected
effective tax rates use more debt financing. Firms issue debt on average at a
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rate of about 1 .8 percent of their total assets in every period. If all firms paid
the statutory income tax rate on aJI profits, this ratio would increase to
3. I percent. In contrast, if there were no corporate income tax the ratio would
decrease to -0.3 percent, that is, firms would issue equity to repurchase debt.
Results for specifications in which the expected tax rate is not split are
reported in Table A3. Not splitting the variable leads to substantial under
statement of tax effects for Models J and li and to a slight overstatement for
Models m and IV.
The results presented in Table 2 provide some support for agency the
ory as an explanation for financing decisions of firms, especially in Mod
els m and IV. Firms with more free cash flow, as measured by Auerbach's
( 1 985) cash deficit variable, tend to use more debt, although the effect is
only statistically significant at the 5 percent level in Models I l l and IV.
This evidence i s consistent with the idea that stockholders attempt to dis
cipline managers through the interest obligations. Research and develop
ment expenditures are positively correlated (and significant in three of the
four models) with firms' incremental debt financing, which is inconsistent
with agency theory. The estimated coefficient for advertising expenditures
is not significantly different from zero in any specification. It appears,
however, that firms with more growth opportunities and, therefore, higher
ratios of the market value of equity to the book value of equity, use sig
nificantly (at the 5 percent level in two specifications) less debt finance,
which is consistent with the predictions of the agency theory. The esti
mated coefficients are the same sign as MacKie-Mason's with the excep
tion of research and development expenditures, for which MacKie-Mason
obtained a negative coefficient.
There is no evidence supporting the signaling hypothesis. The estimated
coefficients on dividend-paying firms and on the change in stock price are
all positive and two are significant at the 5 percent level. The result contra
dicts the notion that dividends or increases in stock prices are perceived as
favorable signals by investors and, hence, decrease the cost of stock issues.
MacKie-Mason also finds a positive coefficient on dividends, but obtains
the expected negative coefficient on the change in the stock price. These
findings support results obtained by Loderer and Mauer ( 1 992), who test
whether equity-issuing firms are more likely to pay or increase dividends
than nonissuing firms. If dividends were an important signal to sharehold
ers, firms who planned to issue stock should be more likely to start paying
dividends or increase dividend payouts preceding the issue. The evidence
presented in Loderer and Mauer contradicts that idea.
The evidence on the bankruptcy hypothesis is somewhat supportive. The
variance of earnings, Type A, has the expected negative sign and is statis
tically significant. In addition, when it is interacted with Altman's ( 1 968)
bankruptcy predictor, it remains negative and significant in two specifica-
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tions. The variance of earnings, Type B, is positive and insignificant in all
but one specification.
The significantly positive coefficient on the investment variable confirms
the earlier suspicion that firms with larger investment projects issue more
debt. There does not appear to be a significant relationship between the level
of total assets and financing; the coefficients on the total asset variable are
insignificant.
In summary, important and statistically significant tax effects have been
found using four different proxies for expected effective tax rates. Some sup
port for the agency theory of capital structure choice and for bankruptcy costs
is also found. The evidence provides no support for the signaling hypothesis.
Recall that to generate a balanced panel we dropped all firms with incom
plete sets of data. This leads to the exclusion of 4,853 observations or
approximately 400 firms. Column 1 of Table 3 reports probit results for the
probability of remaining in the balanced sample. The dependent variable is
equal to one if the firm is in the balanced panel. Firms with complete sets
of data face significantly higher effective tax rates, their earnings are less
variable, and they are less likely to declare bankruptcy, have significantly
less free cash flow, have higher market values relative to their book values,
and are much more likely to pay dividends. I n addition, firms in the bal
anced sample invest more, have more retained earnings, and are larger.
Given the significant differences between the two groups we present
results using Model I (actual one-period-ahead tax rates as the measure of
firms' expected tax rate) for the unbalanced panel in column 2 of Table 3.
These results cannot be directly compared to Table 2, because they are
obtained using ordinary least squares regression (with time and industry
dummies) and, therefore, do not allow for fixed effects across firms. Nev
ertheless, the similarity of most estimated coefficients across Tables 2 and
3 can be taken as suggestive evidence that the results in Table 2 are not
driven by sample selection bias.

VII. Conclusion

This paper uses a simple rational expectations approach to estimate firms·
expectations of future effective tax rates. Using a large Compustat panel
data set of U.S. firms, we find that current average effective tax rates have
substantial predictive power for the estimation of expected corporate tax
rates. Moreover, controlling for current effective tax rates, investment tax
credits, and depreciation are powerful predictors of lower future effective
tax rates.
In the second stage, the estimated expected tax rates are related to U.S.
firms' incremental debt-total asset ratios, controlling for other theories of
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Table 3.

Tax hypothesis

Probir and Unbalanced Panel Results
Variable

Probit

Unbalanced panel

"Good" effective tax rates

0.358**
(0.076)
-0.016
(0.0 1 1 )
-1 .372**
(0. 1 5 1 )
0.417
(0.389)
0.061**
(0.027)
-0.009**
(0.004)
-0.01
(0.0 1 )
-0.253*
(0.147)
0.938
(0.33 1 )
-0.063**
(0.022)
0.494**
(0.036)
-0.094
(0.657)
0.729**
(0.026)
0.074**
(0.025)
-0.394**
(0.163)
0.206**
(0.022)
0.378**
(0.129)
16,930

0.193**
(0.02)
0.084
(0.069)
-0.073**
(0.019)
0.09
(0.169)
-0.009**
(0.003)
0.00 13**
(0.0005)
-0.002
(0.00 1 )
0.007
(0.005)
0.183**
(0.042)
-0.003
(0.002)
0.994**
(0.316)
0.973
(0.881)
0.016**
(0.004)
0.016**
(0.004)
-0.004
(0.141)
-0.337
(0.79 1 )
-0.029
(0.107)
16,930

"Bad" effective tax rates
Bankruptcy costs

Variance of earnings,
Type A
Variance of earnings,
Type B
(Variance A) X (bankruptcy
predictor)
Bankruptcy predictor

Agency costs

Fraction of assets in plant
and equipment
R&D expenditures
Advertising expenditures
Free cash tlow
Market value of equity/
book value

Signaling

Change in stock price
Dividend paying firm

Other

503

Investment
Net assets
Retained earnings
Total a�sets

N

Notes: Definitions and summary statistics are in the Appendix. The dependent vari
able for the probit model is whether the finn is included in the balanced panel (I if
included). For the unbalanced panel the model is estimated by ordinary least squares with
time and industry dummy variables. Standard errors are in parentheses. One and two
a�terisks represent significance at the I 0 percent and the 5 percent level, respectively.

capital structure choice. The results obtained support the notion that firms
take expected effective tax rates into consideration when choosing between
debt and equity to finance their investment projects and corroborate earlier
findings in MacKie-Mason ( 1 990a). In contrast to MacKie-Mason, how
ever, we have been able to estimate tax effects for firms that represent most

©International Monetary Fund. Not for Redistribution

504

REINT E. GROPP

of the corporate market value at the New York and American stock
exchanges. It was also possible to make fairly accurate statements about tht.!
magnitude of the effects and find that they are quite substantial. An increa-.c
in expected effective tax rates (due to increases in statutory rates. change.,
in depreciation allowances, or the reintroduction of the investment tax
credit) would, given the results obtained in this paper, have a large effect on
the commercial debt and equity markets in the United States. For exampk.
if all firms paid the current statutory corporate tax rate (that would reprc...cnt
a tax increase of between I 0 to 1 5 percentage points), the value or annual
debt issues would increase by 72 percent (or I .4 percentage poinh: from
1 .8 percent to 3 .1 percent).
There is some evidence that agency and bankruptcy costs have an irnpot
tant influence on the amount of debt issued, but no evidence to "upport
Myers's ( 1984) signaling hypothesis. All of these findings are con-.i-.tcnt
with the prev ious literature.
It is very difficult to unambiguously reject or support any or the alterna
tive theories of the financing decision of firms, because the choice or rrO\
ies is always somewhat arbitrary. It appears useful to attempt to unify thc-.c
theories with the tax hypothesis. in part because it is likely that there arl·
important interactions between the signaling. agency. and tax hypolhc'l'".
To develop an integrating theory of capital structure. choice remain-. an
important avenue for future research.
Corporate tax revenues have declined steadily since World War ll t n ll1l'
United States. It would be incorrect. however. to conclude that corporate
taxes therefore have little importance for corporate deci�ion'>. Thi-. papc t .
and Gropp ( 1 995) for German firm�. have presented evidence that t h c
distortionary effect of corporate taxation on firm�· financing is very li J...cl�
substantial both in Germany and in the United States.
APPENDIX
Definitions
Tax loss can-yforward = (hook tax loss carryf\lrward)/-.alc;.
Investment tax credit = invc�tment tax crcdih/sale�
Depreciation = depreciation/sales
EBIT = earnings before intere!-.t payment� and taxc!-.

Bankruptcy predictor i� Altman'!-. ( 196R) bankruptcy predicJor <.:\clud1ng th.: 1.11 11 1 "'
market equity to honk debt

Bankruptcy predictor = 3.3 1:'/J/T/( t<>lal a�sCt'-) + 1.0 sail.!,/( IOW I '"'eh)
earnings)/(total asset�) + 1.2 (working capital)/(total asset\)

R & D expenditure)> = research and development exp!.!nditurc,/,alcs I i I
the variable i:-. coded as /ero)

·

I .-I 1 ll"l.llll•·.l

R&D 1s m"''n1-'.
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Table A l .
Variable
Change in debt/total assets
Effective corporate
tax rates
"Good.. tax rate
"Bad'' tax rate
Tax loss carryforwards
Investment tax credits
Depreciation
Bankruptcy predictor
Research and development
expenditures
Advertising expenditures
Variance of earnings,
Type A
Variance of earnings,
Type B
(Variance of earnings) X
(bankruptcy predictor)
(Investment tax credits) X
(bankruptcy predictor)
Fraction of assets in plant
and equipment
Free cash flow
Market value of equity/
book value of equity
Current debt/
total asset ratio
Change in stock price
Net assets
Dividend paying firm
Retained earnings
Investment

N

505

Summwy Statistics
Mean

Standard
deviation

Minimum

Maximum

1 2,077

0.018

0.172

-9.765

1 .285

1 2,077
12.077
1 2.077
12.077
12.077
1 2,077
1 2.077

0.233
0.256
-0.023
0.052
0.002
0.052
0.614

0.979
0. 145
0.963
0.714
0.005
0.068
4.319

-39.485
0
-39.485
-0.784
-0.007
0
-21 0.075

66.069
0.982
66.069
68.299
0.208
4.336
252.749

1 2,077
1 2,077

0.016
0.0 1 1

0.033
0.028

0
0

0.799
0.582

1 2.077

0.06

0.066

0.001

1.519

1 2,077

434.8

34,939.8

0.014

3,796,3 1 0

1 2,077

0.042

0.823

-34.540

64.096

1 2,077

0.001

0.005

-0.266

0.225

1 2,077
12.077

0.565
-0.097

0.488
0.414

-27.648
-35.925

1 8.839
18.736

1 2,077

1 .797

8.357

1 2,077
12,077
12.077
1 2,077
12,077
12,077

0.215
0.552
2060
0.851
0.265
0.098

0.155
1 2.548
6,149.070
0.356
0.434
0.178

0

688.882

0
-329
- 1 .393
0
-22.6 1 8
-5.933

3.323
201.875
157,719
1 .000
1 . 1 22
4.501

Note: Definitions of all variables are in the Appendix.
Advertising expenditures = (advertising expenditures)/sales (if advertising expenditures
are missing, the variable is coded as zero)
EBIDT = earnings before interest, depreciation, and taxes
Variance of earnings, Type A = standard deviation of (EBIDT, - EBIDT,_1) divided
by mean of total assets for the sample period
Variance of earnings, Type B = standard deviation of (EBIDT, - EBIDT,_ 1 )1EB/DT,_ 1
Fraction of assets in plant and equipment = (plant-accumulated depreciation)/(total
assets-current liabilities)
Free cash flow = {capital expenditures + average dividends - {cash flow + capital
expenditures X [(total debt)/(net assets)]}/(net sales), where average dividends are the
mean dividends during the sample period
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Table A 2.

Additional Resultsfor the Estimation ofExpected Tax Rates

Variable
Current effective
tax rates
Tax loss carryforwards
Investment tax credits
Depreciation
(Investment tax credits) X
(bankruptcy predictor)
Bankruptcy predictor
Current debt/
total asset ratio
Variance of earnings,
Type A
Variance of earnings,
Type B
(Variance A) X
(bankruptcy predictor)

1979
1981
1982
1983
1984
1985
1986
1987
1988
1989
1 990
1991

Constant

N

Model l l :
one-periodahead tax rates

Model JII:
unweighted fiveperiod-ahead taxes

Model lV:
weighted fiveperiod-ahead taxes

0.0434**
(0.0044)
0.01084*
(0.0063)
-3.2807**
( 1 .4920)
-0.2839**
(0.0755)
0.2669
(0.3400)
-0.00091
(0.0024)
-0.2430**
(0.0337)
-0.3633**
(0.0773)
-0.1602
(0.1238)
0.004 1 2
(0.0126)
0.7008
-0.4170*
0.6564
0.2163
-0.1271
-0.32 1 5
0.2486
-0.437 1 **
-0.6709**
-0.5718**
-0.477 1 **
-0.5632**

0.0115**
(0.0027)
0.0056
(0.0039)
-4.0179**
(0.8928)
-0.2123**
(0.0455)
0.8304
(0.8604)
-0.2082
(0.2190)
-0.2759**
(0.0209)
-0.4556**
(0.0463)
-0.6207
(0.7297)
0.1264
(0.7297)
0.6934
-0.61
0.1159
0.2343
-0. 1 398
-0.2196*
-0.2226*
-0.426**

0.0141**
(0.0028)
0.7373*
(0.3988)
-3.4707**
(0.9183)
-0.2668**
(0.0468)
0.3841
(0.8850)
-0.2668
(-0.2252)
-0.2757**
(0.02 14)
-0.4786**
(0.0476)
-0.8158
(0.7506)
0.1633
(0.1564)
0.1077
-0.1363
0.1083
0.1095
-0.1079
-0.145
-0.1024
-0.3802**

0.335 1 **

0.3377**

0.3403**

8,361

8,361

12,077

Notes: Definitions and descriptive statistics are in the Appendix. Recall that Model I
uses actual one-period-ahead tax rates. Model II is a random effects model, estimated
by feasible least squares; Models I l l and IV are estimated by two-factor fixed effects.
Standard errors are in parentheses. One asterisk and two asterisks denote significance at
the 5 percent and the 10 percent level, respectively.
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Additional Resultsfor the Financing Decision

Variable

Model !

Model H

Model lll

Model IV

0.004**
(0.002)

0.098**
(0.014)

0 . 1 63**
(0.019)

0.135**
(0.016)

Tax
hypothesis

Effective tax rates

Bankruptcy
costs

Variance of earnings,
Type A

-0.1 20**
(0.027)

-0.098**
(0.026)

-0.063**
(0.024)

-0.071**
(0.024)

Variance of earnings,
Type B

0.366
(0.442)

0.531
(0.442)

0.539
(0.344)

0.546
(0.344)

-0.003
(0.004)
0.0003
(0.0008)
0.002
(0.004)
0.121**
(0.056)
0.075
(0.063)
0.0014
(0.004)
-0.223
(0.186)
0.233*
(0.1 27)
0.02**
(0.005)
0.084**
(0.009)

-0.005
(0.004)
0.0008
(0.0008)
0.006*
(0.003)
0.139**
(0.048)
0.055
(0.057)
-0.0004
(0.004)
-0.239
(0.185)
0.205
(0.127)
0.015**
(0.005)
0.09**
(0.009)

-0.019**
(0.007)
0.002**
(0.00 1 )
0.0005
(0.003)
0.074*
(0.045)
0.003
(0.053)
0.007*
(0.004)
- 1 .064**
(0.367)
0.184
(0. 1 19)
0.002
(0.005)
0.073**
(0.008)

-0.018**
(0.007)
0.002**
(0.00 1 )
0.0003
(0.003)
0.079*
(0.045)
0.006
(0.053)
0.007*
(0.004)
- 1 .069**
(0.367)
0.183
(0. 1 1 9)
0.002
(0.005)
0.072**
(0.008)

-0.238*
(0.125)

-0.178
(0.123)

-0.369*
(0.2)

-0.398**
(0.2)

0.01**
(0.004)

-0.002
(0.003)

-0.001
(0.003)

0.122
(0.092)

-0.221
(0.155)

-0.244
( 0.1 55 )

Variance A X
bankruptcy predictor
Bankruptcy predictor
Agency costs

Fraction of assets in
plant and equipment
R&D expenditures
Advertising
expenditures
Free cash flow

Signaling

Market value of
equity/book value
Change in stock price
Dividend paying firm

Other

Jnvestment
Net assets
Retained earnings
Total assets

N

0.017**
(0.004)
-0.156*
(0.093)
1 2,077

12,077

8,361

8,361

Notes: Definitions and descriptive statistics are in the Appendix. The dependent variable is the change in debt divided by total assets. Two-factor fixed effects model. Fixed
effects for firms and periods not reponed. Standard errors are in parentheses. One asterisk and two asterisks denote significance at the 5 percent and the I 0 percent level,
respectively.
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Market value of equity/book value of equity = [(end of year stock price)*(n umber of
shares outstanding)]/(book value of common and preferred stock)
Current debt-total assets ratio = (long-term debt)/(total assets)

Dividend paying firm= I if firm pays dividends either on common or preferred stock:
0 otherwise
Change in stock price= (stock price beginning of current year) - (stock price beginning
of previous year)
Investment= [(change in fixed assets) + depreciationV(total assets)
Net assets = total assets - current payables
EBTDO = earning!\ before taxe!\ and discontinued operations
Current effective tax rates = (income taxes paid)/£8/TDO if £8/TDO < 0
Current effective tax rates = statutory corporate tax rate if £8/TDO < 0 and (income

taxes paid) > 0
Current effective tax rates = -(statutory corporate tax rate) if £8/TDO < 0 and (income
taxes paid) < 0
Change in debt divided by total assets = (total debt,+1 - total debt,)/(total assets,)
Investment = investment/total assets
Retained earnings = retained earnings/total assets
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Market Information and Signaling in
Central Bank Operations, or, How Often
Should a Central Bank Intervene?
DANIEL C. HARDY*

A central bank must decide on thefrequency with which it wiff conduct open

market operations and the variability in short-term money market that it
will allow. The paper shows how the optimal operating procedure balances
the value of attaining an immediate target and broadcasting the central
bank's intentions against the informational advantages to the central bank
of allowing thefree play of marketforces to reveal more of the information
available to market participants.

I

[JEL E52, G 14]

N

ALMOST ALL industrialized countries, the central bank implements
policy by setting a proximate operational target for short-term money
market interest rates and then using open market operations and other
instruments such as standing facilities to keep rates near the target. An
increasing number of developing and transition economies have developed
similar operating procedures in recent years. Viewed more closely, how
ever, practices vary widely. In particular, centraJ banks differ significantly
in the frequency with which they intervene in financial markets and the
precision with which they steer market rates. The U.S. Federal Reserve
and the Bank of England typically deal at least once a day with commercial
banks in order to absorb or inject liquidity. In this way, these centraJ banks
largely determine certain short-term interest rates, with the Bank of England
normally allowing rather greater fluctuations in very-short-term money

* Daniel C. Hardy is an Economist in the Monetary and Exchange Affairs
Department. William E. Alexander, Ulrich Bindseil, Nadeem Ul Haque, Jlirgen
Reckwcrt, V. Sundararajan, and participants of seminars at the Deutsche Bundes
bank and the International Monetary Fund provided helpful comments, without
bearing responsibility for remaining errors.
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market rates. In contrast, the Deutsche Bundesbank usually intervenes only
through weekly repurchase tenders, resorting to ad hoc "Schnelltender"
just a few times a year. Between tenders, the B undesbank is prepared
to see at least moderate day-to-day fluctuations in market rates around
its central operational target, even though it is technically capable of
eliminating them.
The operating procedures used by individual central banks have also
evolved over time. The Bundesbank, for example, announced in 1985 that
it would begin emphasizing repurchase operations in the implementation of
policy; the central bank's other instruments, namely, the standing facilities
and reserve requirements, were not changed concurrently. Since then, the
volume transacted in the repurchase tender has increased, the tender mech
anism has been refi ned in various ways, and the schedule of tenders made
more regular (see Oeutsche Bundesbank, 1995).·
Given this variety and change, one may be prompted to ask what general
considerations should enter into the choice of operating procedure, and in
particular how precisely a central bank should attempt to achieve its imme
diate operational target for the interest rate. At one extreme, if the central
bank knows its objective and faces no technical obstacles, why should it not
intervene enough to achieve its operational target continuously? In terms of
marginal decisions, what are the advantages and disadvantages of inter
vening, say, twice a week rather than weekly and reducing short-term
interest rate fluctuations correspondingly?
This paper attempts to provide a (partial) answer to such questions by
discussing a number of factors affecting both the costs and the benefits of
more frequent intervention. First, some familiar arguments based on the
relationship between open market operations, the other instruments avail
able to the central bank, and the clearing and payment system will be
reviewed. Then it is argued that the design of instruments can have an
important effect on the information content of market prices, which both
the central bank and market participants use in devising their strategies. The
starting point is the observation that the central bank does not have a pre
cise, optimal operational target set in advance (as is often assumed in the
economic literature). Instead, it must actively search for and analyze infor
mation, including that contained in market prices, before deciding on its
short-term strategy and estimating an appropriate operational target (and in
practice central banks do indeed monitor market developments closely). It
will be shown how by not intervening and thereby allowing market rates to
fluctuate freely, a central bank may be able to acquire valuable information
not otherwise available to it. Limiting intervention provides the central
bank with more occasion to observe undistorted market trends, and there
fore to acquire a clearer impression of the information available to market
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participants. Some variability around the central bank's cunent operational
target may facilitate the estimation of a better target. It will further be
shown how market participants will be able to make inferences about the

policy stance and other information available to the central bank from the
frequency and strength of intervention. Optimally designed instruments
and operating procedures will respect the need for clarity in the transmis
sion of signals to and from the central bank and the value of information
contained in market prices.
The discussion will be framed in terms of the operating procedures cur
rently employed by central banks in most industrialized countries to imple
ment domestic monetary policy. The central bank will be taken to have
some medium-term target (say, for M3 growth, the exchange rate, or the
inflation rate itself), which it attempts to achieve by appropriately steering
short-term money market rates. The operational target for the short-term
interest rate will depend not only on the medium-term target, but also on
the information available to the central bank through different channels and
its understanding of the transmission process. Since the interbank money
market is constantly disturbed by inflows and outflows of liquidity and by
changes in expectations, in the absence of intervention, random deviations
from the central bank's operational target are inevitable. Hence, the central
bank has to actively manage short-term rates, primarily through open mar
ket operations using either a formal tender or over-the-counter trading and
perhaps based on repurchase agreements. The arguments of this paper are
presented in the context of such an operating procedure, but they can be
reformulated to address the case in which the central bank sets its opera
tional target in terms of a quantity variable. The arguments can also be
applied to economies in many stages of development, and may indeed be
especially forceful in economies where financial markets are still being
established and the central bank has limited capacity to collect and analyze
economic data. Analogous arguments applying to the implementation of
exchange rate policy can easily be formulated.
Related issues arise in the determination of longer-term policy. Edwards
( 1 9 8 1 ) and Dotsey and King ( 1 986) investigate at a macroeconomic level
the connection between monetary policy and incentives for information
acquisition. Recently a number of authors have applied the theory of
optimal control with learning (as in Easly and Kiefer, 1988, for example)
to macroeconomic policy questions (see Balvers and Cosimano, 1 994;
Bertocchi and Spagat, 1 993; and Wieland, 1 996, for example), and gener
ally find that policymakers should allow greater fluctuations in target vari
ables so as to improve their estimates of structural parameters. Bindseil
( 1 997), who deals with reserve requirements, takes an approach related to
that of this paper.
·
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I. Financial Market Institutions and Central Bank Instruments

Most discussion of the optimal operating procedures to be used in the short
term implementation of monetary policy deals with effectiveness in achiev
ing a given operational target, the strength and nature of the disturbances
affecting the financial system, and the possible side effects of different instru
ments. Under this conventional approach, the marginal benefit of more fre
quent intervention can be measured in tenns of reduced deviation from the
operational target and possible strengthening of the transmission process,
whereby monetary policy impulses radiate out into the economy at large.
Differences between central banks in the frequency of intervention can, in
the first instance, be explained by differences in financial market institutions
and the central bank's instruments. These factors help determine the volatil
ity of money market interest rates in the .absence of intervention, and market
reaction to such intervention. Of course, how much volatility in money
market rates should be pem1itted is itself a normative issue, so institutional
differences cannot provide a complete explanation.
In countries where the payment clearing and settlement system is rela
tively unsophisticated and generates large, unpredictable swings in com
mercial bank's deposits with the central bank, the central bank may have to
intervene frequently to inject or withdraw liquidity, if it wishes to forestall
erratic movements in short-term interest rates. The design of the payment
system (netting arrangements. time lags, the interval between settlement, the
role of private clearing houses, the availability of overdrafts, etc.) may affect
the sensitivity of market rates to given liquidity disturbances and may there
fore influence the decision to intervene more or less often. Likewise, rela
tively frequent intervention may be called for when commercial banks have
little expertise in, and opportunity for, liquidity management, although the
centra! bank also needs to give banks enough incentive to develop the rele
vant skills. When the government keeps its funds at the central bank, as is
the practice in most countries, variations in its receipts and outlays may
warrant even daily offsetting injection and withdrawal of liquidity by the
central bank.
Many central banks have instituted standing facilities that limit interest
rate fluctuations, such as a deposit facility that sets a floor on rates and a
rediscount or Lombard facility that sets a ceiling. These central banks can
then afford less frequent discretionary intervention for a given level of inter
est rate volatility because market participants will access the facilities at
their own initiative, which will have a stabilizing influence on prices. Open
market operations are still undertaken more or less regularly, so the ques
tion of how frequently to intervene must still be answered, as well as the
analogous question of how wide to set the interest rate "band."
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When commercial banks are subject to reserve requirements that are
higher than the working balances they would hold voluntarily and that have
to be met on an average basis, a large buffer stock is available to absorb
short-term liquidity shocks before money market rates are affected signif
icantly. Therefore, less intervention is needed to maintain reasonably low
interest rate volatility. In contrast, central banks that do not impose bind
ing average reserve requirements on commercial banks may in contrast be
motivated to intervene frequently. In the United Kingdom, for example,
reserve requirements are insignificant and commercial banks hold very low
working balances. The Bank of England sometimes intervenes more than
once a day to offset even small exogenous f l uctuations in bank liquidity
that might otherwise generate large disturbances in money market rates. 1
It is, however, possible that i f intervention were not s o frequent, banks
would learn to hold larger working balances, and private institutions would
find it profitable to act in a stabilizing fashion. Furthermore, even i f the
marginal benefits of more frequent intervention are greater, the lower are
reserve requirements, one also needs to consider the possible marginal
costs. A low reserve requirement is not justification in itself for more
frequent intervention.

11. Intervention and Information Inference by the Central Bank
In the previous section, it was assumed that the central bank determines
an immediate operational target for the short-term interest rate in an
autonomous process unconnected to the implementation of policy. Most
academic literature starts from the same premise. In reality it is very diffi
cult for central banks to determine appropriate operational targets for
money market interest rates. Even when a medium-term objective such as
price stability is generally accepted and an intermediate target, say for
money stock growth, has been established, a great deal of information gath
ering, economic analysis, and indeed intuition goes into setting the opera
tional targets from month to month, week to week, or day to day. The
difficulty lies not so much in effective implementation as in deciding on the
short-term aim. This short-term aim must then be communicated to market
participants in a credible manner. In this paper it will be argued that the opti
mal intervention frequency balances the benefit of limiting deviations from
an operationaJ target once chosen and broadcasting the central bank's inten
tions, against the costs of obscuring information useful in estimating the
best target.
1 See King ( 1 994), especially page 69, for a statement of this approach.
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Market Information and Central Bank Information
Central banks have at their disposal large amounts of data on which to

base monetary policy implementation decisions, but they do not know
everything of relevance. Much information, especially on disaggregate
developments, will originally be spread thinly across the economy, perhaps

kept confidential by various economic agents, or compiled only with a sig

nificant Jag. Such information might be aggregated in market prices but not

captured in official statistics or reports. To reflect this dichotomy, suppose

that in each period t the information of relevance to the implementation of
short-term monetary policy can be captured by two state variables, denoted
by

x,

and y,. These state variables might represent such factors as the

strength of credit demand, fluctuations in the liquidity position of banks and
other economic agents, disturbances from abroad, and news from the cor
porate sector. The state variable x, represents relevant information that is
not immediately and directly available to the central bank but is at the dis

posal of market participants. The state variable y, represents the informa
tion directly available to the central bank at the start of the period. One
could also interpret y" but not x" as representing shifts in the central bank's
preferences and longer-term strategy.

In general, these state variables might follow any time-series process, but

to illustrate the argument it will be assumed here that their levels each
period evolve according to
x,

= o:x,_ 1

+ e.rt,

Ja.J < I

( l a)

y,

= f3y,_,

+ e,."

Jl31 < I ,

( I b)

where ex, and ew are two identically and independently distributed (i.i.d.)

random variables with mean zero and variances of a; and a}, respectively.
The central bank implements policy by attempting to keep the price of
funds in the money market, that is, the short-term money market interest

rate denoted by P, as close as possible to an operational target that depends

on these state variables. (One could reinterpret P, as an item from the cen

tral bank's balance sheet, such as reserve money, that the central bank tar
gets in order to implement longer-term monetary policy.) For simplicity, it

will be assumed that the central bank has a quadratic loss function such that
it aims to minimize expected sum of squared deviations in each period:

(2)
where

E is the expectations operator, Q,+; is the information set of the cen

tral bank in period t + i, which, as discussed below, depends in part on its
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operating procedures, and for convenience the rate of time discount has
been set to zero. 2 If the central bank in fact knew both x, and y, every period,
it would face no technical difficulty in intervening continuously to set the
price and preempt any deviations from its operational target.3 I n determin
ing its operating procedure, the central bank needs to decide whether to
intervene every N = 0, I . 2, . . . days so as to minimize the expression (2).
The central bank can commit itself to following such a rule.
When i n some period the central bank does not intervene, the evolu
tion of the money market price is determined entirely by the information
available to market participants, and so will be assumed to be described by

(3)

Thus, left undisturbed the money market equilibrium yields changes in the
price of funds that perfectly reflect the current innovation in the state vari
able x, but (without loss of generality) not that of y,.4
Suppose that the central bank never intervenes. Then one can easily show
that in each period the unconditional (average) expected loss is
v,

=

E[<P, -

x, -

y,J']

= �(t,we,_, )']= ��'
1

(4)

In a period when the central bank does intervene, it can no longer observe
an undisturbed market price. Instead, it receives at the start of the period a
signal l!.s, that imperfectly reflects innovations in the state variable x,:
t1s,

=

e ., + e." ,
.

(5)

where e,, is another i.i.d. random variable with mean zero and variance cr;.
This signal might be contained in the tenders and quotes received by the
central bank when it initiates open market operations. The assertion that
central bank intervention does not reveal information as well as does a
freely functioning market is a somewhat ad hoc assumption, but nonethe
less plausible: when the central bank conducts open market operations such
as a "Schnelltender," it normally deals with only a relatively small number
of money center banks, which may have incentives to behave strategically,
2Introducing a positive time discount rate would not affect the results significantly.

3This objective function with a partially unknown (operational) target can be
Lhought of as capturing model uncertainty, as in the literature on optimal control
with learning.
4The incentive for market participants to acquire the relevant information and
how it comes to be reflected in market prices will not be discussed here, but the
issue is addressed in a companion paper (Hardy, 1997), where it is shown Lhat cen
tral bank operating procedures can affect the relative profitability of investing in the
acquisition of different sorts of information, and thus the equilibrium structure and
informational efficiency of financial markets.
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and information available to other institutions is neglected; when the cen
tral bank organizes a tender with wide participation, the tender procedure
may not induce complete revelation, and the repeated tatonnement process
of the market cannot function. The biddrng in a quantity tender when the
central bank fixes the price in advance may be especially difficult to inter
pret. The volume of central bank intervention can certainly contain impor
tant information on market conditions, but that information is likely to be
obscured by various disturbances such as fluctuations in the quantity of cash
in the hands of the public. Insofar as money fulfills a "buffer stock" func
tion, the quantity demanded may be very interest-rate elastic and vary
greatly because of transitory phenomena that are not relevant to the form
ulation of the central bank's operational targets.5 In any case, the argu
ment that follows provides sufficient, albeit not necessary, conditions for
infrequent intervention to be optimal.
If intervention is conducted every period, the central bank's problem
reduces the minimization of its expected loss function period by period. Its
information set at time t contains only the series of signals &,_;, i = 0, I , . . .
besides the state variable y,. (RecaiJ that by assumption the central bank has
direct information on y, but not on x,.) The central bank can do no better than
set the money market price as a linear function of the history of these signals
and y, broken down into its autocorrelation and innovation components:

�, = L, aliD..s,_; + c,py,_,
�

i=O

+

d1ew.

(6)

The parameters a1;, c1, and d1 are chosen to minimize the average loss func
tion in each period. As shown in the Appendix, at the optimum c1 = d, = I ,
ali depends on the relative variances, and the minimized loss function Vi is

axa_.
I·
V *' = -1 o: 2 a� + a.� ·
2

2

(7)

-

The central bank will prefer to intervene every period rather than not at
all if the minimized average expected loss in the former case (Vi) is less
than that under the latter regime (V0 given in equation (4)). From an exam
ination of the partial derivatives of the difference (Vi V0) it is clear that
this condition is more likely to be met the smaller is o: and a} and the larger
is 13 and a}. Then fluctuations in the state variable known only to market
participants are relatively small compared to those of the state variable
-

5With a reserve requirement, at the end of the maintenance period demand for
reserve money may become very interest-rate inelastic; overnight money market
rates will tend to move up or down violently in response to a small aggregate
reserve shortfall or surplus. Again, such fluctuations may not contain much infor
mation of interest to the central bank.
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observed by the central bank, so it is more important to keep the money
market rate in line with the latter than with the former. The condition is also
more likely to be met the smaller is cr;, because then the central bank can
better infer the information available only to market participants when it
does intervene.
Suppose instead that intervention is conducted regularly every other
period. Under this operating rule the central bank has only half the occasion
to set the money market price as it wishes, but gains occasion to observe the
uncluttered free market price and thus receive additional information on the
evolution of the state variable x,. In particular, on a nonintervention day
t - 1 it observes P,_" which allows it to infer e..,_1 exactly, since from equa
tion
= aP,_2 + ex,-�> and a and f,_2 are known. On the subsequent inter
vention day 1, its information set thus consists of { y,, l:ls,, e..,_" l:ls,_ , . . . } . The
2
optimal money market price can depend only on the available information
variables:

(3) ?,_1

..

��

=

L(a2;6.5,_2i + �i+lext-2i-t ) + c2�Yt-l + d2eyt ·
i=O

(8)

Moreover, the central bank is aware that its intervention in period t wiU
affect the market price in the nonintervention period 1 + I . At 1 + 2 it will
intervene again and so have a chance to correct deviations from the opera
tional target that arose in t + 1 . Therefore, its problem is to choose the para
meters a2;, b ;+ 1, c2, and d2 so as to minimize the expected squared deviation
2
of the actual price from its operational target averaged over periods 1 and
1 + I , based on current information and knowledge of the history of the state
variables:

V2 = ( I I 2)£[( P, - x, - y, ?

+ (P,+t

-x,+t - Yt+t )2 [ y, , M,, ex,-1 > . . .].

(9)

The solution is derived in the Appendix. The parameters c2 and d2 are less
than or greater than unity depending on whether a is greater than or less
than 13. respectively; in this way deviations of the money market "price"
from the state variable y are evened out between periods 1 and t + 1 . The
minimized average loss function is

[

�

J

1
(a - !JA)2 cr•.
cr2cr2
X
.V
� = 1 -+
2
2
2 l - a2 cr; + cr;
J + a2 I - � ·

( I 0)

The central bank would do better by intervening every other period rather
than every period if the difference in the minimized expected loss functions,
( l l)
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is negative. In general, the sign of this difference i s ambiguous, but one can
determine its partial derivatives with respect to the various parameters in
order to assess when i t i s likely to be larger or smaller. The difference is
positively related to crJ. so that if variance in the component of the opera
tional target determined by the central bank's own information i s large
enough or if deviations are costly enough, intervention every day i s supe
and
rior to intervention every other day. l t is negatively related to
for
the reasons given above related to the importance of the state variable x, and
the ability of the central bank to make inferences about it based either on
free or "intervened" market prices. Frequent intervention can thus be coun
terproductive if the signal received in the course of intervention i s suffi
ciently poor compared to that available in undisturbed market prices, and
both are sufficiently important relative to the central bank's own informa
tion and preferences. A larger value of ex (the autocorrelation coefficient for
the state variablex) implies that the market price and the operational objec
tive evolve more sirrularly during the nonintervention days. A larger ex also
entails that the central bank's errors in estimating ex, in any one period are
largely carried forward into subsequent periods, so it is more valuable to
learn its true value by not intervening. Therefore, less frequent intervention
i s more likely to be optimal, the larger is ex. A larger � implies that changes
i n the state variable y, are more persistent; since in the absence of interven
tion the market price does not reflect these follow-on changes, frequent
intervention is more likely to be desirable, the larger is �If the variances of the random variables, their autocorrelations, and the
weight attached to them in the central bank's objective function differ
greatly, it could be worthwhile to intervene every third period or even less
frequently. If the central bank intervenes once every N days, it would set a
price according to the rule

cr;

cr.t

( 1 2)
It is straightforward, if laborious, to deterrrune the optimal pricing rule and
the rrunimized average expected loss from intervening every N = 3, 4, . .
days and confirm that as N tends to infinity, the optimized V function
converges back to the level obtained for N = 0 given i n equation (4).
The incentive for limiting intervention could be reduced if the undis
turbed market price did not fully and solely reflect innovations in the state
variable, that is, if (P, - P,_1) was affected by "noise" from short-term dis
turbances that are irrelevant for monetary policy purposes. However, under
certain circumstances the reverse could occur: in the presence of such
"noise" the central bank may require a longer sample of undisturbed mar
ket prices to be able to distinguish longer-term developments that are rele.
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vant for policy purposes from short-term volatility.6 The introduction of an
irrelevant "noise" term in the signal y, received directly by the central bank
would, however, increase the incentive to limit intervention; market prices
and information from other sources may need to be combined to filter out
what is of true importance. One could also include an error term in the cen
tral bank's operating rule to capture the possibility that it does not always
extract information fully efficiently or indeed know its own preferences
exactly.
Ad Hoc Intervention

So far it has been assumed that the central bank commits itself to a rule
to intervene every given number of days and sets the parameters for that
rule in advance. However, it could be that the central bank cannot so
commit itself or chooses not to. Jn particular, on any particular day the
central bank may determine whether or not to intervene only after it has
received information on the innovation in the state variable y, , and then
must solve what amounts to an "optimal stopping rule" problem of when
to intervene and when to observe unintervened prices so as to improve
its information set. In general, the best choice for each period is likely
to depend in a complex way on expectations of future intervention and
on the history of past intervention, which affects the current informa
tion set.
To illustrate considerations that go into this choice, assume that the mar
ket price in period t - l is known to be exactly at the operational target,
that is, P,_1 = x,_1 + y,_1• The central bank then learns the realization of y, =
13y,_1 + e,., and has to decide whether or not to intervene. If it does not inter
vene, the market price evolves to P, = aP,_ 1 + e.ft• and so the immediate
loss is

V0 = ( P, - x, - y,)2 = ( aP,_1 + ex, - x, - y,)2
= (a(x,_1 + y,_1 ) + ex, - x, - y,)2 = (ay,_1 - y, )2 ,

( 1 3)

where equation ( l a) has been used to simplify. By not intervening, the cen
tral bank can observe the realization of e , which is relevant to the decision
.•

6This possibility can arise if the market price evolves accordjng to the rule

where e, is an i.i.d. disturbance tenn that is irrelevant to the choice of the opera
tional target, provided that y is sufficiently large that the negative moving average
component offsets the autocorrelation component.
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of whether or not to intervene in t + J. The loss from not intervening must
be at least V0 and will be greater by an amount that depends on the realiza
tions of the random variables next period and on whether the central bank
intervenes. If the central bank does decide to intervene, it antjcipates that it
wiJJ set a price

P,

= ax,_, + a0!1s, +

y,

once it learns !:ls,. Therefore, the immediate expected loss contingent on the
information set available when the decision must be made is
2

E[(P, - x, - y,) 2 jx,_1,y,_.,y,) = E[(<XX,_1 + a06.s, + y, -x, + y,) lx,_ 1 , y,_ 1 .y, l
2
= E{(a0 - l )e .., + a0e" ] }
cr 2 cr 2
.f

.\

when a0 is chosen optimaJJy. However, the central bank will not have learnt
the realization of e"' precisely, and any estimation error it makes will be per
petuated in subsequent periods whether or not it intervenes. The importance
of this carryover wi 11 depend on the degree of autocorrelation displayed by
the state variable x,; the sum of the losses from the estimation error can
easily be shown to be
'
V1 =

I

__

I

-

2 2
cr_.cr
..

a2 er� + cr.�

( 14)
·

Thus, a sufficient condition for the central bank to intervene is that
(V� - V�) be negative. An examination of equation ( 1 3) shows that if, for
example, y,_, and y, are both positive and (ay,_1 - y,) < 0, then V0 is a
decreasing function of y,_, and an increasing function of y,, and vice versa
if they are both negative; the larger the innovation in the central bank's state
variable y, away from its central value, the more likely is intervention.? An
exarrunation of equation ( 14) shows that V� is an increasing function of a,
er}, and er�. A higher value for a increases the importance of the estimation
error in future periods, a higher er} increases the magnitude of the error, and
a higher er} signifies that variations in the state variable x, are greater in
magnitude and receive more weight in the central bank's objective func
tion, so an increase in any of these variables makes intervention less likely.
A further extension would be based on the assumption that the central
bank receives the signal tu, at the start of each period, whether or not it
7The resull that the central bank may refrain from intervention to correct small
derivations from its immediate monetary policy target bears some resemblance to the
conclusions in Orphanides and Wilson ( 1996) on "opportunistic" monetary policy.
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intervenes. If possible, the central bank would wish to assess the signal
before deciding when to intervene, and i t is easy to work out the decision
criterion under simple circumstances. In general, an exceptionally large
absolute value of !!::.s, would indicate a large change in the state variable x,
which the market itself will incorporate into prices better than the central
bank can, so intervention is less likely to be warranted.
ID.

Information Inference by Market Participants

ll has been shown how the design of monetary policy operating proce
dures can facilitate the extraction of market information by the central bank.
Yet information can also flow in the opposite direction, and the central bank
may be very anxious to convey its assessment of the economic situation and
its future intentions to market participants.8 This concern is likely to be
strongest when the central bank wishes to broadcast "news" about longer
term developments and its policy stance; investment decisions, the pricing
of long-term securities and exchange rates, wage negotiations, and general
economic confidence would be affected by such news, and thus the mone
tary policy transmission process initiated. Here too the design of the oper
ating procedure may improve the precision with which prices reveal
information.9 In general, however, one might expect to be presented with a
trade-off, whereby practices that help the central bank to infer market infor
mation, such as limiting intervention, make it more difficult for market
participants to filter out the central bank's signal from "noisy" prices. Such
a trade-off will be illustrated here.
In the context of the model presented above it is plausible to suppose that
the central bank would be concerned about the accuracy with which market
participants can estimate y,, the state variable representing the central bank's
private information. Because changes in y, are persistent, the market esti
mate of the state variable in any one period t will be highly correlated with
expectations of its value in periods t + I, t + 2, . . . . Therefore, expectations
of short-term interest rates in subsequent periods and uncertainty about them
will depend on the level and precision of this estimate. Current forward rates
and long-term interest rates, which may be especially important i n the mon
etary policy transmission process, will adjust correspondingly. More pre
cisely, the central bank's loss function in any one period will be assumed to
depend on both the expected deviation of the spot price from its target and
8However, under certain .circumstances the central bank may wish to make
intentionally imprecise announcements (see Garfinkel and Oh, 1995).
9 A central bank might send signals through various other channels, such as
changes in the rates applied at its standing facilities, but the information content of
changes in rates on open market operations need not thereby be diminished.
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the expected squared deviation of market participants' estimate of y, from
its true value:

£(�

{wE[( P,+, - x,.; - y,+Yin, J + ( l - w)El (.yl+, - Yl+; )1lf,., l}ln,
•.

).

( 1 5)

where roe[O, I ] is a weight, and y,+; is the market participants' best estimate
of y, based on their information set l,+i · This information set could be
derived from market participants' knowledge of the economy generally
and observations of the central bank's past actions, which indicate its pol
icy reaction function, and the central bank's public pronouncements. In
addition, as will be shown, the central bank's operating procedures can
affect lt+i·
Policy Signaling Through Open Market Operations

Here it will be assumed that the central bank does not announce its pri
vate information in advance of intervention operations or cannot do so cred
ibly.10 Indeed, the practice of many central banks is to conduct most open
market operations by soliciting quotes from money center banks or by con
ducting a tender where neither the price nor the quantity is set in advance.
Under such procedures, market participants must make inferences about the
central bank's information and policy stance based on the money market
price determined through intervention. By assumption, the realized value
of the state variable x, is already known to market participants. To simplify
the presentation, i t will be assumed that the true value of y,_, is revealed at
the start of the next period t. It will also be assumed that the announcement
of the tender results from the previous period is sufficiently detailed that the
market participants can infer D.s,_" which allows them to identify e_,,_
1
because they already know the realization of x,_ 1 • Therefore, market par
ticipants need to make inferences about current disturbances only; the
uncertainty in the estimation of y, concerns just the value of ey, and es,. 1 1
When the central bank never intervenes, no information about ew is
revealed, soy,= �y,_1 and the expected squared deviation of the estimate is
cr?.. The average expected loss function can be shown to be
10The question of why the central bank cannot simply announce its information
immediately will not be addressed here. During the 1970s the U.S. Federal Reserve
did indeed announce whether changes in its discount rate were determined by "tech
nical" or "poticy" considerations. However, words are always open to interpretation
and ambiguity, and the central bank may be tempted to make use of this margin for
vagueness and obscurity, so concrete action may be necessary to make statements
convincing.
1 1 The information set of market participants at t is {x,, P,, x,_;, y,_., ru-,_., . . . )

.
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cr�.·p2 + ( L - ro)cry = roV0 + (I - ro)cr-".
Wo = ro _

( 1 6)

1

Suppose now that the central bank intervenes every day. The central bank
will follow a pricing rule of the general form 1 2
00
�� L, [ a
d
( 1 7)
]
=

i=O

, ; ( exr-i + esr-; ) + cr PYr-1 +

r e.w ·

(The parameters a 1 1, c 1 , and d1 need not be equal to those derived in Sec
tion II). The information set of market participants is r, = {x,, Yr- r . . . . } and
they face a standard "signal extraction" problem in estimating y,, the state
variable known to the central bank. As is shown in the Appendix, the
expected squared error of the market participant's best estimate ofy, is now
2r]
Yr - Yr ) I r =

. £[(�

mm

2

2

2

( 1 8)

2

a,ocrs

2 2

Cir oOs + d, 0 ,.

°

Again, the central bank effectively has a two-period problem. Using
equations ( 1 7) and ( 1 8) in equation ( 1 5 ) yields the expected loss function
that is to be minimized through choice of the parameters of the pricing rule:
w.

r

- 00\11 ( a r o , a l l , . . . ,c" d1 ) + ( 1 - ro )
_

2

Clfocr;
2

a,ocr.• +

dz

2

1 cry

2

cry .

( 1 9)

In the Appendix it is shown that the optimal parameter a0 of the pricing rule
is now smaller than when V1 alone is minimized, and d1 is larger; when the
central bank wants to signal its private information, it reacts relatively lit
tle to innovations in the state variable known already to market participants,
and relatively strongly to innovations in its private information. Strength
ening the transmission from the central bank to market participants requires
that the current market price deviate more from what would otherwise be
its optimum level, for a given frequency of intervention.
One can also confirm the intuition that a central bank will want to inter
vene more often, the more importance it attaches to transmitting its own
information. Consider the difference between the expected loss function
when intervention occurs every period, as given in the minimized value of
equation ( 19), and the expected loss when no intervention is undertaken
(equation ( 1 6)):

(20)
12 Again,

the model can be reformulated in terms of the quantity of intervention.
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In general, the sign of this expression is ambiguous. Suppose, however,
that the variances and parameters of the model are such that the minimized
Vi just equals V0, so the central bank is indifferent between intervening and
not when w = I and transmitting information to the market is not a concern.
The central bank's minimized expected loss function Wi cannot be larger
than it would be if it sets the money market price to minimize V1 • But the
second term on the right-hand side of equation (20) is certainly smaller than
the last term because market participants are able to make better inferences
about the state variable y, when the central bank does intervene and send a
signal (the expression on the right-hand side of equation ( 1 8) is certainly
smaller than cr;.). Hence, under these conditions, the difference (Wi - W0)
is negative and intervening every day becomes a superior strategy. There
fore, intervention is likely to be more frequent, the more weight the central
bank attaches to the broadcasting of its own information and intentions.
It can readily be confirmed that intervening every day gains in value to the
central bank compared with intervening every 2, 3, . . days as w increases.
In particular, when the variance of the state variable known to the central
bank is large relative to that of the "noise" term e_., the central bank has a lot
of "news" that it would like to broadcast every day, while frequent inter
vention is not very costly in terms of loss of precision in its own estimates
of market information. Therefore, more frequent intervention is preferred.
.

Policy Signaling and Quantity Tenders

Some central banks may have available mechanisms whereby they com
mit themselves to setting an intervention price in advance of their open mar
ket operations. An example of such a mechanism is a quantity tender, as
used on occasion by the Deutsche Bundesbank, whereby the central bank
announces an interest rate at which it will conduct repurchase transactions
in a forthcoming tender and commercial banks submit bids for the amount
they wish to transact. In this way, the market participants get a very clear
signal of the central bank's private information, but the central bank must
decide on its operational target for the interest rate without the benefit of
observing the tender bids. The nature of this trade-off can be illustrated here.
Assume first that the central bank undertakes a quantity tender every
period. Then its information set consists of { y,, &,_1, y,_1, &,_2,
} ; it lacks
the information about the current innovation in the state variable x, that
would be contained in the signal D.s, received through the bidding process.
Its pricing rule cannot depend on e.<� or e.,. and will take the form
•

P; = L, a(;&,_;
00

i=O

•

•

+ c(py,_1 + d{ew.
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Recall that, by assumption, the central bank announces Yr-J and Llsr_1 at the

start of period t . Market participants have an information set {x,, P,', x,_" y,_"
Lls,_" P;_ " . . . } . from which they can infer the value of y, exactly. The
expected squared deviation of their estimate from the true value is zero. The

Appendix contains a derivation of the central bank's minimized expected loss

function, which is compared with the loss function in the case where the cen

tral bank conducts an interest rate tender. It i s shown that when the central

bank receives only a very noisy signal of market information, or when vari
ations in the state variable y predominate, a quantity tender is advantageous.

However, the more important is market information, the more likely it is that
the operational interest rate target should not be set in advance of the tender.
So far, the central bank has been assumed to have private information on
changes i n one state variable. One could construct a situation in which the
operational target is affected by permanent and transitory shocks, and in addi
tion the central bank is concerned with transmitting information specifically
about longer-term developments so as to influence expectations. 1 3 Very fre
quent intervention that partially accommodates daily or hourly fluctuations
might in effect generate "noise" that makes it difficult for market participants
to identify when the central bank is conducting stabilizing or accommodative

operations and when, alternatively, it is initiating policy shifts.
In a more complex policy "game" one would have to consider a richer

array of possible strategies where the revelation of information is not always
desired. For example, less frequent intervention could be preferred if it facil
itates the intentional not sending of a signal, as when the central bank wishes
to allow interest rates to drift "silently" up or down. Less prominent in
volvement in determining money market interest rates may also help reduce
political pressures on the central bank to keep interest rates always low.

IV. Conclusions
It has been shown how making room for the play of market forces by not
intervening too frequently can offer the central bank itself occasion to
extract valuable information contained only in free market prices. This i s not
to say that feedback from financial market prices to policies should domi
nate in the determination of operational targets, let alone intermediate goals.
Rather, the additional information yielded by this source complements i n an
important way that directly available to the central bank and the central

bank's own preferences and longer-term forecasts. The actual practices of

13To model such a situation, the central bank could be assumed to receive a sig
nal z, that is a serially uncorrelated random variable affecting only the current
operating target, so its loss function would be W' = c.oE[(P, - x, y, z,)21Q,]
+ ( 1 -c.o)£[(51, - y,)21r,].
-

-
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central banks, which take developments in interbank interest rates and other
financial market prices into account when deciding how to use their instru
ments, reflect this complementarity. Market-based instruments are not only
effective in achieving given operational targets, but may also help the cen
tral bank in choosing the right targets. A central bank has many sources of
information; in an economy with well-developed financial markets, the cen
tral bank can observe not only money market rates but also, for example, the
whole term structure. However, the term structure will in large measure
reflect market expectations about future developments, notably in the central
bank's own policy stance. Hence, information in the term structure comple
ments rather than replaces information on current money market conditions
contained in short-term rates.
A central bank needs to know how well its actions convey information to
market participants. The money market rates determined through interven
tion are likely to be interpreted as signaling the central bank's assessment
of the economic situation and its future policy stance. A clearer signal can
typically be sent if intervention is more frequent and if more weight is
placed on the central bank's private information, even at .the expense of per
mitting deviations from the operational target and a reduction in the infor
mation available to the central bank. Signal extraction requires that market
rates be allowed to fluctuate relatively freely around an operational target,
whereas signal transmission is strengthened when intervention dominates
the determination of market prices.
Similar considerations may be applied to the design of other monetary
policy instruments. For example, a central bank must decide on which inter
est rate to focus. It may be that the very-shortest-term rates for overnight
money are subject to considerable "noise" from minor disturbances to the
supply of, and demand for, liquidity that are irrelevant for monetary policy
purposes. The requirements of signal extraction and signal transmission
may prompt the central bank to concentrate on a slightly longer-term rate.
In addition, many central banks maintain one or more standing facilities at
which commercial banks may borrow or deposit funds under certain con
ditions. The availability of these standing facilities often has the effect of
imposing more or less tight bounds on money market interest rates. These
bounds should not be too narrow; money market rates need to be free to
fluctuate enough for the central bank to extract clear signals and for market
participants to have sufficient incentive to acquire information and develop
well-grounded trading strategies. Likewise, a central bank seeking to keep
the exchange rate within a "band" should consider informational implica
tions when determjning the width of the band, and when deciding how fre
quently it should intervene through trading foreign exchange or adjusting
domestic interest rates to defend the band.
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APPENDIX
Derivation of Results

In this Appendix some of the results discussed in the main text are derived in detail.
The first section presents the derivation of the central bank's minimized loss function as
the frequency of intervention varies. The second section deals with the inference of cen
tral bank information by market panicipants. The third section considers the case in
which the central bank conducts a quantity auction.

Intervention and Information Inference by the Central Bank
Intervention Every Period
If intervention is conducted every period, the central bank's information set at each
time 1 consists of ( y,, tls,, y,_., tls,_., . . . } , on the basis of which it sets the money market
price:

?.,,

=
=

-

L aittls,_, + c,�y,_, + d,e,

i=_O

-

L OII(e_n-r + e,_, ) + c,�y,_, + d1e,.

i=O

(22)

Using equations ( 1 a), (2), (5). and (22) and the independence of the disturbance terms,
the loss function to be minimized can now be written as an infinite moving average

(23)
lt is easy to derive the first-order conditions for a minimum:

(24a)
(24b)
(24c)
which can be solved to yield that c,

= d1 = 1 and
(25)
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(22), so after simplifying the min

(26)

Intervention Every Other Period
is

If intervention is conducted every other period, the central bank's information set

,.. .,

( y,, 6.s,. e ,_ Lls,_2,

}

• • •

•

The optimal money market price depends linearly on the

available information variables:
P2 ,

=

L,(a2;6.s,_2i + b2i+lext-2t-l) + c213Yt-l + d2e)'l'

(27)

i=O

The central bank must consider the expected squared deviation of the actual price from
its operational target averaged over periods 1 and 1 +

I, based on current information and

knowledge of the history of the state variables. Hence, its expected loss function becomes

2

V2 =( '/l)£[( � -x, - y, )
=

I

.

+(�+1 -xt +l - Yt+ t >2 Y,. 6.s,, ext-l•· . ]

( 1/2)£[( � - x, - y, )2 +

(28)
where use is made of equations

(I a) and ( I b) describing the time-series behavior of the
(28), average

state variables. By substituting the pricing rule (27) into expression
expected loss that is to be minimized can be written as

{�[
{ .f �(12i -

i ]

2i
2i l
L. < a2i - a )ext-2i + (12iest-2i + (�i+l - a + )ext-2 +l
t=O
2
2
+(c2 - 1)13Yt-J + ( d2 - 1 ) ey1

'hE

+ a

t=O

+(ac2

}

1i

a2i )ext-2i + ( 2 est-2i +

(�i+l - a2i+l )ext- i+l ] '

- 13 )13Yr-t + (ad2 - 13)ey, - eyr+l

1

2

2

which can easily be formulated in terms of unconditional variances as

V2

=

't{(l ;�(
2

+a

+

)

; a�;cr; + (�i+I - a2i+l )2 cr;)

<a2; - a2i )2 cr

2
2
(c2 - l) + ( ac2 - l3 )
I - 132

2

+

2

]

y, + crv ,
•
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under the assumption that all disturbances are independent. The optimal choice of pa

rameters is determined using the first-order conditions to be

2]

The minimized average loss function can then be shown to be

V*2

=

,12

[

A )2 cr.,.
( a - ..,
cr_2. cr.2
1
-+
+
I + a2 1 - 132 •
l - a 2 cr;
cr�

--

(30)

The difference between the minimized loss functions (Vi - Vi) when the central bank
intervenes every other day versus every day is given in equation ( I I). The partial
derivatives of this difference with respect to a and 13 are

acv: - v; )
aa

=

( a - 13)(1 - al3)
( l + a2)2 ( 1 - 132 )

crl \

a

cr:cr:

( l - a2 ) cr! + cr: ·

(a - 13)(1 + al3) 2
cr .
( 1 - 132 )2 ( 1 + a 2 ) , ,

(31a)

(31 b)

both of which can be either positive or negative. However. if I > a > 13 > 0, then equa
tion ( 3 1 a) is certainly negative and (31 b) is certainly positive. Under these conditions, a
larger a implies that the market price and the operational objective evolve more similarly
during the nonintervention days. A .larger a also entails that the central bank's errors in
estimating e, in any one period are largely carried forward into subsequent periods, so it
is more valuable to learn its true value by not intervening. Therefore, less frequent inter
vention is more likely to be optimal the larger is a. A larger l3 implies that changes in the
state variable y, are more persistent; yet in the absence of intervention the market price
does not reflect these follow-on changes, so more frequent intervention is desirable.

Information Inference by Market Participants
Intervention Every Period
The information set of market participants is r, = {x, y,_" . . . } . As is apparent from
an examination of equations ( 16) and the time-series behavior of the state variables
given in equations ( I a) and ( I b). with this information set the market participants can

identify a signal q, defined by

The best estimator of y, is y, = l3y,.1 + !;1q,. The parameter 1;1 is chosen to minimize the
expected squared deviation, that is,

!; 1

=

=

=

argmin�;, Ef(y, - y, >2lr;]

argminE;, £1(!;1q, -e1.1 )2 J

= argminE;,
):.2
2 2
2
argmm.;, [..,1 (aiO + d1) cr,. + cr,]

.

£[(!;1 (a10e.r1 +d1 lew)- e_,., )2 I

2
cry
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One can proceed to derive that

(33)
Substituting equations ( 17) and (33) into ( I S ) yields the expected loss function that is to
be minimized through choice of the parameters of the pricing rule, specifically,

w,

=

i{.�(

..-+ (<,P- PlY,_, + (d,

(o,, - a ' >•,_, .,,�

- tk"

n

+

(1 - oo) min El(Y, - y,)2Jf, J
(34)
It can easily be verified from the first-order conditions for a minimum that the opti
mal a1;, i = I , 2, . . . , and c1 are unchanged from the values obtained above when the
central bank did not intentionally signal its information to market participants (see
equation (25)). For the other parameters, a0 and d" of the pricing function the first-order
conditions are

(35a)

(35b)
Now, dV11da10 and dV1/dd1 are increasing functions of aw and d�o respectively, and
equal zero when V1 is minimized (see equations (24a) and (24b)). The second terms of
both (35a) and (35b) are always positive, the former entering with a positive sign and
the latter with a negative. Therefore, .the optimal a0 is now smaller than when V1 alone
is minimized, and d1 is larger; when the central bank wants to signal its private infor
mation, it reacts relatively little to innovations in the state variable known already to
market participants, and relatively strongly to innovations i n its private information.
Strengthening the transmission from the central bank to market participants requires that
the current market price deviate more from what would otherwise be its optimum level,
for a given frequency of intervention. It will be useful later to have written the optimal
parameter values as

Then the minimized expected loss function can be written as

(36)
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Policy Signaling and Quantity Tenders
Assume first that the central bank undertakes a quantity tender every period. Then its
information set consists of {y, 6.5,_ 1 , y,_,, &,_2,
}; it lacks the information about the
current innovation in the state variable x, that would be contained in the signal f>s,
received through the bidding process. Its pricing rule cannot depend on exr or e and will
take the form
• • •

-

-

i=l

t=l

,,

P: = L,a;,.as,_, +ci13Yt-l +d{ey, = L,[a);(exr-i +es1-;)]+cll3y,_1 +d{e_..,.

(37)

Recall that by assumption the central bank announces y,_, and &,_, at the start of
},
period r. Market participants have an information set {x,, P,', x,_. . y,_ 1 , f>.s,_ .. P,_1',
from which they can infer the value of y, exactly. The expected squared deviation of
their estimate from the true value is zero. Therefore, the central bank's expected loss
function becomes
• • •

w;

=

d {-e.t, + � [<a!; - ohexr-i + a;;esr-;J
1=1
'"'l

w

J) + ( I - o.>)O,

+(cl� - �)y,_1 + (d! - l)ey
or in terms of variances
W'
I

=

{

}

2
2 + (dI' - 1)2cr2,
� [( lc11' - ex ' )2cr2 + arcrz
w cr2, + £..,
1t ' ] + (e-n
l P - I-'A)2 -}'t-1
...

.4

It is easy to establish that the optimal parameters are a 11 cr}o.'/(cr} + cr}) V i � I , and
I , which are the same as when the central bank does not signal its information.
The minimized expected loss function is thus

c1 = d1

=

=

Wf

,

_

(cr2 +

-w

...

22 )

2 cr;cr;
1 - a cr_.. +cr,2
a

--

•

(38)

The difference between the minimized expected loss functions ( 19) and (38) is

Wf - Wf'

=

ro{((a,o - 1)2 - l]cr ; + arocr; + (d, - 1)2 cr;}
+ ( 1 - o.>) 2 a2rocr; 2 2 (1,2.,
a10cr + d , cr.,

(39)

s

where it has been established that 0 < a10 < I and d1 > I . Clearly, the last term on the
right-hand side of equation (39) is positive, so for w sufficiently small (when con
veying information to the market participants is given overwhelming weight), (W7 W':") > 0, in which case holding a quantity tender with a preannounced price is opti
mal. The expressions a171cr} and (d, - 1)2cr; are certainly positive. Hence when either
cri is very large (the signal of market information is noisy) or cr; is very large (the state
variable y is very variable), a quantity tender is advantageous. ·The expression involv
ing cr} is necessarily negative, so the more important is market information, the more
likely it is that the operational interest rate target should depend on the results of the
tender.
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A Provincial View of
Economic Integration
TAMIM BA YOUMI and MICHAEL W. KLEIN*

This paper develops a method oftesting levels ofeconomic integration based
upon consumption smoothing, and tests it using data on trade balances across
Canadian provinces. The results indicate the provinces are highly integrated
within Canada, but integration between Canada and the rest of the world is
partial. Provincial trade balances respond only about halfas much to events
in the rest ofthe world as they do to events within Canada. In short, national
borders appear to matterfor intertemporal trade. [JEL F 15, F36, R 1 3]
ANY MIGHT THINK, in a world abuzz with the word "globalization,"
Mthat national economies are highly integrated. For example, it is rea

sonable to suspect that the economy of Canada is highly integrated with the
economy of the United States for reasons of geography, culture, language,
and economic agreements such as NAFfA. Recent evidence suggests,
however, that the U.S.-Canadian border remains a significant economic
barrier. Engel and Rogers ( 1 994) test the law of one price using data from
cities in Canada and the United States. They find that the border adds
between 2,500 and 25,000 miles to the "economic distance" between cities.
McCallum ( 1 995), using a gravity model of trade, finds the level of intra
Canadian trade to be over 20 times what would be expected based on trade
between Canada and the United States.' Helliwell ( 1995) estimates that
Quebec trades 20 times more with other Canadian provinces than with
states in the United States of similar size and distance.
* Tamim Bayoumi is a Senior Economist in the Asia and Pacific Deparlment.
Mkhael KJein is a professor at the Fletcher School of Law and Diplomacy; work
on the paper was partly done while he was a visiting scholar at the Fund. The
authors thank Marcello Bianconi, Richard Clarida, Rudi Dombusch, Peter Isard.
and participants in seminars at the NBER, MIT, and Columbia University for help
ful comments.
1 See also Wei ( 1 996), who estimates trade within countries to be three to four
times higher than would be expected from trade between countries.
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This paper provides a different test of economic integration between
coun tries using a model of the trade balance based upon the framework of
the intertemporal approach to the balance of payments. We use this model
to consider the extent of financial integration between Canada and the rest
of the world. Intertemporal models generally assume complete integration
across countries. We adapt this framework to allow for different levels of
economic integration. Our model suggests a method for testing whether the
level of economic integration among the Canadian provinces differs from
the level of integration between each province and the rest of the world.
There are many reasons to expect extensive economic integration among
the provinces of Canada. Canada has a single currency, a national banking
system, and relatively open internal borders. There is substantial potential
for gain from intertemporal trade within Canada since the provinces differ
markedly in their respective economic profiles. Our empirical results indi
cate that economic integration is indeed high within Canada, in the sense
that provincial trade balances adjust in a way that smooths consumption.
Economic integration between Canadian provinces and the rest of the
world, however, is estimated to be considerably lower. Provincial trade bal
ances respond only about half as much to events in the rest of the world as
one would expect if financial integration were complete. In Canada, then,
the national border serves as a significant boundary for intertemporal trade.

I. Trade Balances and Economic Integration
The theory of intertemporal trade is based upon the behavior of forward
looking individuals whose decisions reflect optimal responses to economic
conditions.2 In this section we develop a model of the trade balance with a
focus on optimal intertemporal consumption behavior. We start with a world
with fully integrated goods and asset markets. While retaining most of the
features of a standard exercise of this type, our approach is relatively gen
eral, allowing for variable real interest rates and trade in equity as well as
bonds. We then allow for differing zones of economic integration, with con
sumption smoothing occurring more easily within these zones than between
one zone and another. A natural candidate for a zone of high economic inte
gration is a single country. In recognition of this, and in anticipation of the
empirical results that follow, we model the consumption decisions of repre
sentative individuals in the k provinces of a country. We begin in the next
subsection by assuming that these individuals are able to trade goods and
assets without cost with the entire world. The following subsection then
allows for differences in access to domestic and foreign asset markets.

2 Overviews of the intertempora1 approach include Frenkel and Razin ( 1987) and
Obstfeld and Rogoff ( 1994).
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Trade Balan ces

in an Integrated World

The representative consumer in each province maximizes the expec
ted value of an identical time-separable utility function with a constant
subjective rate of discount equal to p,3
max E,

(��

U(Cj+i )
+ p)j
(l

),

(l)

where E is the expectations operator, C is consumption, t andj refer to time
periods, and the superscript i refers to the province. The consumption de
cision is subject to the budget constraint that the discounted value of con
sumption equals wealth, defined as the discounted value of future net
income available for consumption plus the value of initial assets,4
(2)

where Y I G represents provincially produced income available for con
sumption, r is the real interest rate, A' is net asset holdings for the province,
and Qi is the net present value of future consumption or, equivalently, the
wealth of the province. Net assets can be of any type (conventional debt,
equity) so long as certainty equivalence holds, that is, the value of the asset
is equal to the discounted value of expected future net income. The lack of
a provincial superscript on the interest rate reflects the assumption that
national asset markets are integrated and hence that consumers in provinces
face a common (and possibly time-varying) real interest rate.
Provincially produced net income available for consumption (hereafter
simply net income) is equal to gross provincial product (the provincial ana
logue to GDP) less investment less provincial government consumption.5 It
refers to the level of consumption that could be achieved under autarky.
Asset markets allow individuals to increase their welfare by reallocating
this net income over time. We do not model the behavior of investment or
government consumption explicitly since results from this analysis follow
-

-

3There is a growing Iiterature extending this type of consumption analysis to take
account of factors such as nonseparabilities in the utility function. See, for exam
ple, Obstfeld and Rogoff ( 1 995) and Lewis (1996). We use thjs relatively simple
model as the empirical results indicate that it fits the intra-Canadian data well.
4We impose here the transversality condition that rules out the possibility of
Ponzi game-type behavior.
5 In our empirical tests we use both net income as well as a rusaggregated measure
in which income, investment, and government spending enter separately. The role
of net federal lransfers is discussed in the subsection on the empirical specification.
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regardless of the behavior of investment and government consumption as
long as all sectors in the economy face the same real interest rate.6 The
function derived here is thus relatively general.
The first-order condition for this problem is the familiar

E, U'( C;+ 1 ) l + p
= I + 'i .
uI( C/)

(3)

fn the commonly studied case where there is a constant coefficient of
relative risk aversion equal to 8, the utility function takes the form U(C:)
= (C;)1 •9/( I 8) and equation 3 takes the form
-

E, ( C/.1 )9
(C/)0

=

l + 1;
l+p

(4)

The first-order condition (4) and the budget constraint (2) imply that con
sumption in any period 1 is a fraction of total wealth,

C/ =

Q
/

--=
"-- ---.,.
<,_., =
e> .

.. IT ( 1 + 1i+ d
, � k:oO

---,.

E

(1

_
_
6

+ p)''e

(5)

For any two provinces i andj with a common discount factor and facing the
same expected path of interest rates due to integrated capital markets we have
(6)
Extending equation (6) across all provinces implies that the ratio of world
consumption to world wealth equals the ratio of consumption to wealth in
any province. As world consumption equals world income available for
consumption, this implies that
C'

__!_ =

Q;

cw
Q,w

_
_
, =

( Y - 1 - G),w
Q,w

(7)

where the superscript W refers to the world.
6Giick and Rogoff ( 1993) provide a model of the current account with produc
tion and investment modeled explicitly. Certain interest rates, for example for
provincial government debt, do vary slightly by province, but the differences are
small compared to those across countries.
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An equation for the trade balance of province i, TB;, can be derived by
noting that the trade balance equals the difference between provincial net
income and provincial consumption,

TB,i = ( Y - / - G),i - Q:w ( Y - / - G),IV .

Q,

(8)

Equation (8) demonstrates the extent to which the trade balance can be used
to smooth provincjaJ consumption over time. Differences between provin
cial net income and world net income will be manifested in the trade bal
ance but aggregate changes in net income will be met by concomjtant
movements in provincial consumption.
We derive from equation (8) an estimating eq uation in fi rst differences
that includes expectational error terms. As shown in the Appendix, the
change in the trade balance is

Cj + EI '
tlTB;I = tl( Y - 1 - G)'I - tl( Y - 1 - G)Iw c,W

(9)

where the error, E,, is a linear combination of the "news" obtained between
times t - I and 1 about current wealth of the province at time t, Ei, and the
current wealth of the world at time t, E�7
Equation (9) is the basic building block of our study. It states that, in a
fully integrated world, the per capita trade balance for any province i should
vary with expected changes in per capita net provincial income relative
to that of the rest of the world. A striking feature of equation (9) i s its
simplicity and ease of estimation.s
Heterogeneous Levels of Economic Integration

Equation (9) holds across any area with fully integrated goods and asset
markets. We now extend the analysi s to consider situations in which access
to such markets is more li!illted. Ideally, one would develop a fully opti
!illzing model involving fundamentals such as costs of transactions to look
at this question. We adopt a somewhat simpler approach based on the type
7 See Deaton ( 1 992, chapter 3) for a similar derivation in the context of the
permanent income hypothesis.
8Deriving an equation for the trade balance has several advantages over the more
usual approach, which focuses on the current account. As the current account
depends upon income from capital, equations for the current account require
explicit consideration about the path for the real interest rate in the estimating
equation. We can also be very general about the type of assets that consumers can
own (assuming that certainty equivalence holds). Despite this greater level of
generality, we obtain an exact equation involving no approximations.
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of model developed by Campbell and Mankiw (among others) to look at the
dependence of consumption upon income.9
Assume that there are two types of consumers: those who are fully
integrated with world markets and those who are limited to markets within the
country. If consumers with access to foreign resources represent a constant
share A. of consumption while the consumers with restricted options represent
the remaining ( 1 - A.) share of consumption, the expected change in the over
all trade balance for province i is a weighted average of the behavior when
international access is perfect--equation (9)-and the behavior of consumers
with access only to Canadian markets (which is described by a version of
equation (9) in which national variables replace world ones). This implies that

t,.TB1I - t,.(Y - I - G); - ;.,. .9_
I
IV t,.(Y - / - G)w
I
CI
- ( 1 - /...) C: t,.( Y - 1 -G)N
+ EI "
I
eN
I

( 10)

The term representing the change in world net income reflects the impact
of the aggregate world resource constraint on behavior even in a fully inte
grated world. The term representing national net income captures the effect
of limited international integration on the consumption of a proportion of
consumers.
Empirical Speci ficati on

Equation ( I 0) suggests specifications for estimating the determinants of
the provincial trade balance. In the case of full financial integration of the
province with the rest of the world, that is, when A. = 1 , the trade balance
equation can be estimated by

(1 1 )
where
t,.(y- i - g );•oECD

=

t,.( y - I - G);

- c<iico t,.( y - I- G)�ECO
I

and a' and W are estimated coefficients and E: is an error that is uncorrelated
with information known at 1 - 1 . The W coefficients indicate the proportion
of consumption that is integrated with the behavior in the rest of the OECD
(which proxies for the "world" in our empirical analysis) and is not directly
linked to current income.

9Campbell and Mankiw ( 1 989 and 1990).
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This empirical specification assumes that consumers who have access
to borrowing do not have differential access to national as compared to
international financial markets. An alternative specification, which nests
equation ( I 1 ), is

tl. TB/

=

ci

+

wtl.(y - i - g ):·OECD - Aftl.(y - i - g {AN.OECD + e: '

( 12)

where
t:.(y

_

._ t:.(Y - /- G)CA/>
1 _ ____£__ t:.( Y
i _ g)ICAI�.OECD - ....£.
I
cCAN
coEco
=

1

1

-

/-G )OECD
I

•

The coefficient W represents the estimate of the proportion of con
sumption in province i that is not directly linked to current income. We
call this the proportion of "smoothed consumption." Thus the specifica
tion ( 1 2 ) allows for the possibility that some consumers lack access even
to national Canadian markets. These consumers would behave in a com
pletely autarkic manner. For example, if p; 0.8, then 20 percent of con
sumption in province i is estimated to be linked to current income and not
smoothed with respect to national or world income. The coefficient on the
second variable in ( 1 2) , 'A/, represents the proportion of total consumption
that is smoothed only through access to the national capital markets. The
difference between the first and second coefficients, j3i - ')._;, indicates the
proportion of consumption that is smoothed through access to the national
capital market but not the world capital market. For example, if W 0.8
0.3, then the estimate is that 80 percent of consumption is
and ')..i
smoothed but of this value only 50 percent uses access to the world cap
ital market. The other 30 percent is smoothed only within Canada.
These trade balance equations are run for each province as well as for
Canada as a whole. The implied equation for the Canadian trade balance
from equation ( 1 2 ) is
=

=

=

tl.TB,CAN

=

CX.

CAN + p CANtl.(y

_

i

_

g

)�AN. OECD + efAN .

If coefficients are equal across provinces, this implies the coefficient
restriction W
WAN. This cross-equation restriction between the regres
sions for each province and that for Canada as a whole can be used as a fur
ther test of the validity of the model.
Lagged instrumental variables are used in the estimation because the
error term includes revisions i n expectations between time t - 1 and time t.
We use past changes in income and the trade balance as our instruments.
Past changes in income should be useful in helping to predict current
changes in income. Since consumption is smoothed over time, i t follows
that the past changes in the trade balance will also include information
=
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about changes in income. Accordingly, in addition to constant terms, the
first and second lags of the change in provincial income relative to the rest
of the OECD, the change in provincial income relative to Canada, and the
provincial and national trade balances were used as instruments.
D.

Empirical Analysis

In this section we first discuss the sources and characteristics of the data
used to test our model. We then present our results of the empirical tests
specified above.
Data Sources and Statistics

The source of provincial Canadian data is the annual Provincial National
Accounts published by Statistics Canada. This publication provides real and
nominal expenditures and nominal income (as weJI as population) for the
ten provinces and two territories of Canada. 1 0 Provincial expenditures are
subdivided into domestic categories such as public and private consump
tion and investment but do not include spending on exports and imports.11
The income accounts divide nominal gross provincial product (the provin
cial equivalent of gross national product) into categories such as wages and
profits as well as nominal net exports of goods and services. Net exports are
calculated indirectly as the difference between total provincial expenditures
(calculated from the expenditure data) and gross provincial product (the
provincial equivalent ofGDP, calculated from the income data). Hence any
statistical discrepancies are included in net exports. The nominal data start
in 1 9 6 1 , while the real data start in 1 97 1 . Both end in 1992.
These accounts provide all the data needed to estimate the model. Per
capita real domestic net income available for consumption was calculated
as nominal gross provincial product minus government consumption and
total investment, deflated by population and the implicit consumption defta
tor. Per capita real trade balances were calculated as nominal net exports,
again deflated by population and the consumption deftator. 1 2

10These are, in descending order of size (based on 1992 income), Ontario, Quebec,
British Columbia, Alberta, Manitoba, Saskatchewan, Nova Scotia, New Brunswick,
Newfoundland, the combined Yukon and Northwest Territories, and Prince Edward
Island. Data are available over the full sample period only for the aggregate of the
Yukon and the Northwest Territories so the two are treated as an eleventh province
in the estimation.
1 1 Estimates of exports and imports do exist for certain years, see Messinger
( 1993) and McCallum ( 1995).
12The consumption deftator was used on both series since the model is concerned
with the use of the trade balance to smooth consumption over time. Hence, all nomi
nal values should be converted into their equivalent level of consumption. From 1971
onward, individual provincial consumption deftators were used; pnor to 1971 these
deflators did not exist, so the national consumption deflator was spliced onto the series.
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There are two issues associated with the data that deserve further discus
sion. One is the inclusion of a statistical discrepancy in the data for net
exports. According to the national accounts identity, net exports should
equal the difference between total expenditure and income. However, in
most national accounts net exports are derived from direct estimates of
exports and imports. The difference between the direct estimate and that
implied by the national accounts identity is then labeled a statistical dis
crepancy. The provincial accounts do not contain a direct measure of net
exports, however, and by assuming that the national accounts identity
h olds, net exports are derived as a residual. This could potentially affect our
regression results since there would be a correlation between changes in net
income and the trade balance due to errors in the measurement of provin
cial expenditures and product. As mentioned above, we estimate equations
using instrumental variables and therefore the errors present in the measure
ment of provincial expenditures and product only affect estimates of net
exports to the extent that they are predictable. We consider it unlikely that
the predictable errors i n provincial estimates of product and expenditure are
large enough to bias the coefficient estimates significantly.
Another issue concerns the Canadian federal government. While the fed
eral government has a budget constraint with respect to the whole of
Canada, it does not have one with respect to individual provinces. Differ
ent provinces may either receive or contribute net resources to the federal
government, and such flows are used to equalize incomes across provinces.
Both net income and the trade balance should be adjusted for these flows
since they are, in effect, unrequited transfers and hence income for the
province. Fortunately, the data include information on federal deficits by
province. We measured these resource transfers by the deviation between
per capita net lending by the federal government to a specific province,
which does not have to satisfy a budget constraint, and per capita net
lending by the federal government at the national level, which does.13
This difference was added to the provincial series on per capita net income
available for consumption and the per capita trade balance.14
Some time-series plots and summary statistics provide a first look at our
data set. Figure J shows the evolution of the first difference of per capita
values of real income available for consumption, the trade balance, and the
real gross provincial product for Canada as a whole and for each province
separately, while Figure 2 illustrates levels of the san1e series.15 The striking
13There is one further issue, which is that in the re�ional accounts a significant

part of federal net lending is assigned to Canadian cil!zens overseas. To make the
transfers within Canada sum to zero, this part of net lending was eliminated from
the �per capita data on aggregate Canadian federal net lending in this calculation.
' Estimation using data without this adjustment produced very similar results.
15 All three series were adjusted for the federal transfers discussed above. The

results without this adjustment (not reported) were similar. For consistency, real
gross provincial product was calculated using the consumption deflator, since the
other series were also calculated using this deflator.
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Figure I . Canada: Change in GDP, Income, and Trade Balance
(In thousand of 1986 dollars per capita)
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Figure 2. Canada: GDP,
(In thousand of

Income, and Trade Balance

1986 dollars per capita)
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Table I .

Provincial income and Correlalions Between Changes In Per Capiw
Income and Changes in 1he Trade Balance

Alberta

British Columbia
Manitoba

New Brunswick
Newfoundland
Nova Scotia

Ontario
Prince Edward Island
Quebec
Saskatchewan

Yukon & Northwest

Territories
Canada
Note:
ences i n
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1992 GDP

Change in real

(billions of C$s)

GDP

Change in income
available

for consumption

72.9
86.7
24.0
13.9
9.2
18.0
277.5
2.2
157.1
20.2
3.1

0.52
0.05
0.22
0.48
0.29
0.26
0.19
0.37
0.10
0.10
0.32

0.96
0.81
0.92
0.97
0.93
0.82
0.75
0.91
0.73
0.98
1.00

684.7

0. 1 5

0.64

All series are mea<>ured in 1986 Canadian dollars and are adjusted
federal net lending.

for differ

feature of the figures is the close relationship between provincial net income
and the provincial trade balance. 16 This relationship holds more closely for
smaller provinces (and territories), such as Prince Edward Island or the
Yukon and the Northwest Territories. and less closely for the larger
provinces, such as Ontario, and for Canada as a whole.
These visual impressions can be supplemented by some simple statistics.
Tables I and 2 show correlations and standard deviations of the change in
real provincial product, net income, and the trade balance for each province
and for Canada as a whole. In addition, to give a sense of relative size of
the provinces, Table 1 also reports GDP in 1 992 for each province. The cor
relation between net income and the trade balance is generally higher for
the smaller provinces than for the larger ones, while the lowest correlation
of all is for the whole of Canada.17 There is also a close connection between
the variability of the trade balance and the variability of net income.
The finding that there is a closer connection between net income and the
trade balance for small provinces than for large provinces or for Canada as
a whole is consistent with the view that integration is higher within Canada
16By comparison, the relationship between real gross provincial product, a more
traditional measure of activity, and the trade balance is much less close.
17By contrast, the correlation between real product and the trade balance. while
positive, is relatively low.
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Table 2.

Standard Deviation of Per Capita Variables

(Thousands of

1986 Canadian

Changes
in
real GDP
Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon & Northwest Territories
Canada

1.12
0.65
0.55
0.51
0.36
0.41
0.61
0.60
0.47
0.87

2.72
0.53

dollars)
Changes in
income
available for
consumption
0.91
0.43
0.46
0.58
0.48
0.34
0.33
0.48
0.30
0.90
3.37
0.26

Changes
in trade
balance
0.90
0.40
0.46
0.55
0.43
0.33
0.25
0.49
0.29
0.92
3.43
0.19

Note: All series are adjusted for differences in federal net lending.

than between Canada and the rest of the world. Small provinces, which are
economically less self-sufficient and whose economic relations are largely
withjn Canada, are able to use Canadian markets to smooth consumption.
For Canada as a whole, however, it is integration with the rest of the world
that matters, so any lack of integration will lirrut the ability of some of the
larger provinces to use the capital markets to smooth consumption.18 A
formal test of this hypothesis is investigated in the next subsection.
Regression Results

Table 3 shows the results from estimating equation ( 1 1 ), which assumes
that Canadian provinces are equally integrated with all parts of the world,
using a panel that includes data on each province and aggregate data for
Canada as a whole. The first column, which shows the estimated constant
terms for each equation, indicates that all of the estimated constant terms
are small and insignificantly different from zero. As shown in the lower part
of the tables, a Wald test of their joint significance also indicates that they
are insignificantly different from zero, a result that holds for all other
estimates in this paper.

18 Obstfeld ( 1 994) and Bayoumi and MacDonald ( 1995) both conclude that
Canada as a whole fails simple tests of consumption smoothjng.
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Table 3.
t:;.TB'

= o/

Basic Model

+ �;t:;.( y - i - g)'·OE.'CVo

Constant (<X')
Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon & Northwest
Territories
Canada

547

Net income
coefficient

DurbinWatson
statistic

([3')

R2

0.00 (.05)
-0.01 (.04)
0.03 (.03)
-0.03 (.03)
-0.02 (.02)
0.00 (.03)
0.02 (.03)
-0.01 (.03)
-0.02 (.04)
0.0 I (.05)
0.02 (.06)

1 .05 (0.08)**
0.61 (0.18)**
0.93 (0.09)**
1 .00 (0.07)**
0.90 (0.1 4)**
0.75 (0.1 0)**
0.59 (0.17)**
0.88 (0.09)**
0.79 (0.1 8)**
I . 1 2 (0.07)**
0.99 (0.06)**

1 .37
1 .92
1 .70
1.63
1 .3 1
1.80
1.98
1.55
1.35
1 .64
1.87

0.97
0.61
0.83
0.94
0.86
0.69
0.56
0.87
0.61
0.92
0.99

0.01 (.03)

0.52 (0.18)**

2.07

0.46

Wald tests (on provincial
equatjons only):
Constant terms are
equal to 0 X2( 12)
Income coefficients
are equal to I X2( 1 2 )
Income coefficients
are equal to X2( 1 1 )

3.7
24.2**
2 1 .7**

Notes: All standard errors are adjusted for heteroscedascity. The instruments for the
provincial regressions were to first and second lags of the change in provincial income
relative to adjusted OECD income, the change in the provincial trade balance, the adjusted
change in Canadian income relative to adjusted OECD income, and the Canadian trade
balance. For the Canadian regression, Canadian values were used in place of provincial
ones, and OECD values in place of Canadian ones. One asterisk indicates that the coeffi
cient is significant at the 5 percent confidence level: two asterisks indicate significance at
the 1 percent level.
".1(y ; g);.oeco = .1(Y 1 G); < C;1coecD> t:;.(Y 1 G>oeco.
_

_

_

_

_

_

_

By contrast, the estimated coefficients on net income per capita relative to
the OECD are all highly significant, and many of these coefficients are close
to the value of unity that would occur if all consumers had full access to
world markets. Paradoxically, however, among the three provinces that fail
this test are two of the largest and most important: Ontario, which makes up
some40 percent of the Canadian economy, and British Columbia, the largest
western province in economic terms. The aggregate Canadian equation also
rejects the restriction that the coefficient is unity. Indeed, at 0.52, the esti
mated coefficient on the change in relative net income in the Canadian
regression is lower than that estimated for any of the provinces individually.
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A Wald test that all of the coefficients on relative income are jointly equal
to unity, and hence that all consumers have full access to world markets, is
rejected whether or not the aggregate Canadian data are included. The
weaker restriction that coefficients are equal across provinces is also
rejected by the data. The results appear to indicate that integration is lower
in many of the larger (and relatively rich) provinces than in smaller ones.
In addition, results from aggregate Canadian data show lower international
integration than do the results from individual provinces.
The results from the extended model, which allows for di fferential access
to national and international resources, are reported in Table 4.19 As in
Table 3, the coefficients on the change in provincial net income relative to
the rest of the OECD (that is, the Ws) are large and generally significant.
Unlike the simpler specification, however, the coefficients are jointly
insignificantly different from unity, which implies that Canadian consumers
have access to at least the national capital market.
The coefficients on the change in net income in Canada relative to the
OECD generally have the expected negative sign. The joint hypothesis that
all of the coefficients are zero, and hence that there is no difference in inte
gration between national and international markets, is easily rejected. The
subsidiary hypothesis that all of the coefficients are equal is accepted, as is
the cross-equation restriction between the individual provincial regressions
and the regression for Canada as a whole discussed earlier (not reported).20
Hence, the results indicate high integration within Canada, but more lim
ited integration between Canada and the rest of the OECD. The Durbin
Watson statistics in Table 4 indicate no problems with autocorrelation,
while the level of fit is similar to that found in Table 3 .
The coefficient restrictions discussed above point to a highly simplified
version of equations ( 12) and ( 1 2') in which the constant terms are elimi
nated, the coefficients on the change in provincial net income relative to
OECD (f31) are constrained to be unity, the coefficients on changes in Cana
dian income relative to the OECD (A;) are constrained to be equal across
provinces, and the implied cross-equation restriction is imposed on the
regression for the aggregate Canadian data. The results from estimating the
following system,

!lTBj = !l(y i g) ;. £ o A !l(y i g )�AN.O£co + E;
!l.TBICAN ( I - A )!l(y- i - g )�AN.O£C[) + EfAN,
_

_

o c

_

_

_

=

( 1 3)

19The constant terms, which are not reported, were uniformly small and
insignificant.
20The Canadian results i n Table 4 are identical with those in Table 3, reflecting
the fact that neither the specification nor the instrument set was changed.
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Table 4.

tiT8'

= ex' + ptti(y - j

tiTBCA

=

Extended Model
_

g)'·OECD

po.

ti( y

_

Coefficient on
provincial
income (�')

1 .07 (.06)**
0.46 (.40)
1.22 (. 12)**
1 .00 (.07)**
0.90 (.1 I)**
1 . 1 3 (.21)**
0.95 (.29)**
0.94 (. 1 4)**
1.08 (.24)**
1 . 1 6 (.07)**

Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon & Northwest
Territories
Canada

_

/..:ti(y- i

i _ g) CA.OECD�

a

t.(y - i - d.OECD

b t.(y

_

=

i _ 8>cA.oEco

_

g)O•. OECD o

Coefficient on
Canadian
income p,.i)

DurbinWatson
statistic

R2

-0.57 (.35)
0.36 (.58)
-1 .24 (.40)**
-0.04 (.18)
-0.53 (.26)*
-0.92 (.49)
-0.61 (.40)
-0.30 (.SS)
-0.44 (.28)
-0.61 (.3 1 )

1.87
2.01
2.32
1 .64
1.75
2.31
2.42
1 .74
1.74
1 .48

0.94
0.46
0.88
0.94
0.92
0.69
0.53
0.89
0.72
0.95

-1 .50( 1 .47)

2.48
2.07

0.99
0.46

1 .02 (.06)**
0.52(.18)**

Wald tests (on
provincial equations only):
Income coefficients
12.9
are equal to I X2( 1 1 )
Income coefficients
are equal to 0 X2( I I )
Income coefficients
are equal X2(1 0)
Income coefficients
are equal plus restriction
on Canadian equation X2( I I )
Notes: See Table 3.
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3 1 .2**
13.3
13.3

t.( y- I - G)' - (C'/COECD ) t.(Y- I - c/ECD .
=

t.( ccAtcoEco ><Y _ 1 _ c/A

_

<c'tcoEco > t.( r _ 1 _ G)o£co

are presented in Table 5. The estimate of A. is 0.45 and, with a standard error
of 0.07, it is highly significant. This estimate implies that 55 percent of the
consumption smoothed through access to the Canadian but not the greater
OECD markets.21 Durbin-Watson and adjusted R2 statistics for each provin21
The hjgh correlation between the growth of consumption and income across
countries implied by this result has also been noted by Backus, Kehoe, and Kydland
( 1 992), Lewts ( 1 996), Obstfeld ( 1995), and Tesar ( 1995). Cole and Obstfeld ( 1 99 1 )
and Tesar ( 1995) both ascribe this lack of consumption smoothing across countries
to the hjgh costs of international transactions compared to the benefits from
consumption smoothing.
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Table 5.
f!TB'

=

f!(y _ i

f!T8c�

=

Constrained Model Results

g )•.OECD _ A f!(y _ i _ g)c�.O£CO:.
f
( I A) f!(y i g A.OECD b

_

_

_

_

Proportion of consumption
constrained outside Canada (A.) = 0.45 (.07)**
DurbinWatson statistic
Regional results
Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon & Northwest Territories
Canada

1 .57
2.05
1.88
1 .87

1 .35
2.04
1.82
1.87
1 .87

1.54
2.13
2.00

0.95
0.72
0.92
0.94
0.91
0.79
0.59
0.89
0.74
0.96
0.99
0.48

Notes: See Table 3 .
fl(Y - I - G)' - c dtc0£CI> ) fl(Y - I - G)O£CD .
.o
l:l(y-i-g) cA eco = ( Co.1coEco >6<Y_ 1_ G)eA_ (C;tcoeco )l:l( Y _ 1 _ G)o£co.

a l:l(y-i-g)'·0£CIJ
b

=

cial equation are reported in Table 5. In spite of the simplicity of the spec
ification-the behavior of the trade balances of the J J provinces and terri
tories we use, as well as Canada as a whole, is explained using only one
estimated coefficient, A.-the Durbin-Watson statistics indicate that auto
correlation is not a problem in the equations. The adjusted R2 statistics indi
cate no noticeable deterioration in the fit of the data compared to the earlier
specifications. Indeed, in many cases the statistics rise, reflecting the greater
parsimony of the specification.
We carried out a number of checks of the robustness of our results to
alternative hypotheses. One of the assumptions in the theoretical model is
that the path of the trade balance only depends upon the path of net income,
defined as output less investment and government consumption. It is possi
ble, however, that these three components have differing effects on the
trade ba1ance.22 To investigate this, we reestimated the constrained model
presented in equation ( J 3) allowing the coefficient that measures the level
of integration between Canada and the rest of the world to vary between net

22For example, markets for investment goods may be more integrated with the
rest of the world than other markets.
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income, investment, and government consumption. Specifically, we esti
mated the regression

f:::.TB/

= f3!::.(y
"'

_

i

_

g );· OECI>

A .CAN.OJ::CJ)

- 11. 1 D.l1

"'

_

f.. !::.( y

_

i

_

A CAN.0£C()

- II.<;D.81

g )�J\N.OECO

( 1 4)

+ E1 ,
I

where
CCAN
= C /)./CAN _ � - /)./O £CI>
c,OEC/)
- cleAN
CJ\N
f:::.g CAN.O£CO = ...,!;____ !::.GCAN !;___ !::.GOECD
f:::.iCAN.O£CD
I

I

'

1_

_
_

i

c1CJ\N

I

I

I

_

c,O£Cf)

I

'

I n this case the coefficient on net income for Canada as a whole, A., provides
a general estimate of the lack of integration between Canada and the rest of
the OECD while the coefficients on Canadian investment and on Canadian
government consumption measure the deviations from this underlying
value for these components of spending.23 The equation is parameterized so
that a positive coefficient on investment or government consumption rep
resents higher levels of integration. Hence, for example, the implicit coef
ficient on Canadian investment, which measures the lack of integration of
investment between Canada and the rest of the OECD, is A. + A.,.
The results from this specification are reported in Table 6. The coefficient
on provincial net income is very close to unity, indicating that markets are
fully integrated within Canada. The coefficient on Canadian net income is
-0.45, very similar to that found in the earlier estimation, again implying
that integration with the rest of the world, measured in tern1s of the response
of the trade balance to disturbances in net income, is about half of that found
within Canada. The coefficient on the change in Canadian investment, how
ever, is significantly positive, indicating that investment spending is more
integrated with the rest of the OECD than is the bulk of net income. Indeed,
the implied coefficient on the change in Canadian investment is insignifi
cantly different from zero, indicating that investment spending may be
completely integrated with the rest of the OECD. The results for govern
ment consumption also show some offset, but it is not statistically signifi
cant, indicating that the trade balance may respond to this component in a
similar manner to the rest of net income.

23The model was also estimated with changes in provincial investment and gov
ernment consumption (M and tiG) included in the specification. The coefficients
on these two variables were not significant. As the coefficient of provincial net
income � is insignificantly different from its optimal value of unity in the estima
tion, implying that all provinces have full access to local Canadian markets, we
chose not to include terms in investment and government consumption that
measure the level of integration with the rest of the OECD.
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Table

6.

Results with Separate Coefficients on Investment
and Government Saving

t:.TB'

=

� t:.(y - i - g)I.OECD - A t:.(y - i - g)CA.OECD
_

t.., 1

t:.iCA..OECD

_

Provincial net income (!3)
Canadian net income (/..)
Canadian investment (/..1 )
Canadian government consumption (f..c;)
Regional results

Ac t:.g CA.OECD•

1.02 (.03)**
-0.45 (.07)**
0.39 (.07)**
0.39 (.26)

Durbin-Watson statistic

RZ

1.55
1 .70
2.16
1.88
1 .90
2.06
1.35
2.00
1.95
1 .72
2.37
1 .89

0.98
0.81
0.93
0.95
0.93
0.86
0.84
0.88
0.85
0.97
0.99
0.82

Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland
Nova Scotia
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon & Northwest Territories
Canada
Notes: See Table 3.
• The equation

t:.TBcA

=

03

_

for Canada as a whole is
"A) t:.(y _i _ g)cA.

o£co

The variables are

i
t:.(y - i - g) .OECD

=

t:.(y - i - g /AJ>ECD

t:.iCA.OECD

tl CII.OECO
g

=

=

+ f.. ,t:.icA.oeco + f...ct:.;/A.oeco.

t:.( Y - / - G)' - (C'!COECD ) t:.( Y - / - G)OECD
=

( CCA /COECD ) t:.( Y-I-G)CA - ( c'tCOeCD ) Il ( Y - I - G)OECD

(CCII ICOECD ) t:.JCA - (CiICOECD )t:.IOECD
CD ) t:GCII
(CCII/COE
.

_

( C;/COECD )t:.GO£Cf) .

Another issue we investigated was whether the results were affected by
replacing the OECD aggregate data by data for the United States. About
three-fourths of Canada's visible trade is with the United States. It is pos
sible, then, that the United States is a better measure of the extemaJ envi
ronment than the entire OECD. Results using U.S. data were aJmost iden
ticaJ to those using the OECD aggregate.24 These results confirm the Jack
of economic integration between the United States and Canada found in
studies using levels of trade (McCaJium, 1 995) and prices (Engel and
Rogers, 1994).

24These results are not reported for the sake of brevity but are available from the
authors upon request.
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m. Conclusions
This paper has developed a method of testing for zones ofeconomic inte
gration based upon consumption smoothing. We first derived a simple spec
ification for the behavior of the trade balance over time. This specification
was then adapted to take account of the impact of differential levels of eco
nomic integration. The model was tested using data on trade balances across
Canadian provinces. The results indicate a high level of integration within
Canada. Integration with the rest of the world, however, appears to be more
limited. The trade balance response to foreign shocks is only midway
between optimal behavior in the presence of full capital mobility and the
behavior that would emerge under autarky.
These results are interesting on both a methodological and an empirical
level. Methodologically, we are unaware of any other work with inter
temporal models that enables one to identify zones of economic integration.
Our empirical results indicate that a relatively simple intertemporal model
can explain the behavior of trade balances between Canadian provinces
quite well. The results with respect to the rest of the world further indicate
that national borders matter for intertemporaJ Canadian behavior, which is
consistent with other empirical work. This lack of international integration
presumably reflects the uncertainties and costs generated by differing cur
rencies and legal systems, including problems of enforcement of contracts
across national boundaries. In short, national borders appear to matter. for
intertemporal trade just as they also appear to matter for levels of trade and
for deviations from the law of one price.

APPENDIX
Derivation of the Estimating Equation

In this Appendix we derive equation (9) in the text. First, we multiply each side of
equation (8) by Q'rand then quasi-difference. After some manipulation this yields
�TB/ Q,w

+ TB/_ 1 (Qj - ( I + 'i- 1 )Q,'�1 )

�(Y - I - G); Q,IV + (Y - I - G);_1 (Q,IV - ( I + 'i-1 )Q,�1 )
+�( Y -/-G):V Q/ + (Y I G)�� � (Q/ - (I + r,_. )Q/_ 1 ).
=

-

-

(A I )

Note from equation (2) and the definition of the provincial trade balance that provincial
wealth can be rewritten as
(A2)
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and hence that the quasi-difference of wealth is

(A3)
where €.: is the "news" about wealth at time 1 obtained between times 1 - I and 1.25

(A4)

A similar equation (excluding the term in the trade balance) holds for the quasi-difference
of national future expected income available for consumption, including €."/, the expecta
tional error for the region as a whole.
Substituting these results into equation

llTB;Q� +
=

TB;_,[(l +

(A I ) gives

-/-G);�, + e; )
[
( Y - I - G);',:, {[{ I + r,., )(Y - I - G);_, - TB; )+ e�'}.
,; _,

)(Y

ll(Y- 1 - G);Q�' +( Y - 1 - G);_, (I + r,., )( Y - 1 - G):� , + e:]

+ll( Y - I - G)': Q;

+

(A5)

Since the tem1s in the levels of lagged incomes and trade balances all cancel, equation

(A5) simplifies to

ll.TB; Q;v = ll(Y-1 -G); Q;v - ll.( Y - 1 - G):v Q;
+{( Y - / - G);�, €.: + ( Y - / - G):_, €.;v - TB;_ 1€.:v .

}

(A6)

While provincial wealth and national wealth are not observable, equation

(4) shows

that their ratio equals the ratio of provincial consumption to national consumption.
Using this, a simple transformation of equation

(A6) implies the following equation for

the change in the trade balance:

(A7)
where the error.

e,.

is a linear combination of the "news" about current wealth of the

province, €.:, and of the world, €.� Equation (A7) corresponds to equation

(9) in the text.
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The Asymmetric Effects of Monetary
Policy on Job Creation and Destructior
PIETRO GARIBALDI*
This paper presents theory and evidence on the asymmetric effects of mon
etary policy on job creation. and job destruction. First, it solves a dynamic
matching model and it shows how interest rate changes result in an asym
metric response ofjob creation and destruction. Second, it looks at how
changes in thefederalfimd rate affect grossjobflows in the U.S. manufac
turing industry, and it finds evidence ofasymmetry. Tight policy increases
job destruction and reduces net employment changes. Conversely, easy
policy appears ineffective in stimulating job creation. [JEL F4 l F3 l ]
,

T

HE

vmw THAT tight and easy monetary policy produces asymmetric
effects on economic activity has long been recognized in policy debates
and in the academic profession (Johnson, 1 962). The behavior of the U.S.
economy during the 1 990-92 recession, when successive cuts in the federal
fund rate failed to produce economic recovery, seemed to confirm the tra
ditional view. Furthermore, recently coJlected empirical evidence for both
the United States (De Long and Summers, 1988: Cover 1 992; and Morgan,
1 993) and Europe (Karras, 1996) strongly supports the hypothesis that neg
ative money-supply shocks and/or increases in interest rates reduce output
more than monetary expansions raise it.
Theoretically, the asymmetric effect of monetary policy has traditionally
been rationalized in models that assume price rigidity or asymmetric infor
mation. Monetary policy has asymmetric effects on real output if prices are
* Pietro Garibaldi is an Economist in the IMF's Research Department. He holds a
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Alberto Martini, Julian Berengaut, Giuseppe Bertola, John Leahy, Marcello Estevao,
Peter Hole, and Jorge Marquez-Ruarte. He is particularly indebted to Humberto
Lopez, and thanks semjnar participants at the IMF, at the Board of Govemors of
the Federal Reserve, and at the 1997 European Economic Association Meeting in
Toulouse.
557

©International Monetary Fund. Not for Redistribution

558

PIETRO GARIBALDI

less flexible downward than upward. Ball and Mankiw ( 1 994), Caballero
and Engel ( 1 992), and Caplin and Leahy ( 1 99 1 ) propose Keynesian mod
els i n which tight policy causes output to falls with little change in prices,
while easy policy causes prices to rise with little change in output.
Monetary policy may also result in asymmetric output responses if asym
metric information in the banking sector produces binding credit con
straints. Jackman and Sutton ( 1982) show that tight policy makes banks less
willing to lend to riskier borrowers when market rates are high. This behav
ior results in credit rationing and a fall in output in a way that does not have
a counterpart during periods of easy policy.
The present paper focuses on the labor market and presents theory and
evidence on the asymmetric effects of monetary policy on the process of
job creation and job destruction. The traditional analysis focuses only on
the net effect of monetary policy, and it fails to distinguish the different
effects of monetary policy on the job creation and the job destruction
margins. Theoretically, we develop a minimalist version of the most re
cent matching literature developed by Mortensen and Pissarides ( 1 994).1
With respect to the traditional matching approach (Diamond, 1982, and
Pissarides, 1 990), the new matching models assume heterogeneity in the
value of the labor product. The idiosyncratic and job-specific risk for
existing jobs is modeled as a jump process characterized by a Poisson
arrival frequency and a common distribution of productivity. In equilib
rium, existing entrepreneurs endogenously select a reservation productiv
ity at which the continuation of a job is no longer profitable. We show that
when interest rates are increased, existing entrepreneurs adjust their reser
vation productivity and immediately destroy any job that falls short of the
newly selected value. Conversely, reductions in interest rates result in
higher job creation through a costly and time-consuming process. The
paper shows that the asymmetry between the hiring and firing technology
implies that job creation and job destruction respond asymmetrically to
changes in interest rate.
We ana1yze empirically the effect of changes in interest rates on the U.S.
manufacturing data compiled by Davis and Haltiwanger ( 1990 and 1 992).
To identify a measure of policy stance we use an econometric procedure
similar to the one applied in the existing literature on asymmetry (Cover,
1992, and Morgan, 1 993). We find evidence that tight policy increases job
destruction and reduces net employment changes. Conversely, easy policy
appears ineffective in stimulating job creation. These results are broadly
1 The framework set forth by Mortensen and Pissarides has been recently
expanded by Mortensen ( 1 994), MiJiard and Mortensen ( 1 994), and Garibaldi
( 1 997).
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consistent with the empirical implications of the model and with the view
that monetary policy produces asymmetric response on job creation and
destruction.

I. Existing Empirical Evidence
From the mid- 1 970s to the mid-1 980s, most of the work in empirical
monetary economics (Barro, 1 977 and 1978, and Mishkin, 1982) was con
cerned with the distinction between expected and unexpected changes in
money supply, and related papers tried to determine to what extent output
fluctuations were the result of unexpected changes in the money supply.
With Cover's ( 1 992) paper, the attention has shifted to the distinction
between positive and negative shocks. Cover presents evidence that nega
tive money-supply shocks have a larger and more important effect on
output than do positive shocks. Technically, he employs the following two
step econometric procedure. The first step implies specifying different
money-supply and output processes. From the residual series of shocks
from the money process, Cover constructs two distinct series of positive
and negative shocks. Regressing output growth on its lagged values and on
the constructed variables, one can obtain an estimate of the separate effects
of positive and negative shocks. Cover shows that, no matter which speci
fication of the money supply process is used, the only significant effect on
output growth is the one originated from the negative shock variable.
De Long and Summers ( l 988) find similar results using annual data and
going back to the beginning of the century. In these papers, the existence
of asymmetry is robust, even though quantitative measures of the effects
are difficult to calculate.
To measure the robustness of the results, scholars have considered alter
native measures of the policy stance. Morgan ( L 993) uses the federal funds
rate to identify the policy stance and, using a two-step procedure similar to
the one used by Cover, shows that changes in the federal funds rate appear
to have an asymmetric impact on output growth, just as changes in money
growth do. In Section V, when we look at the effects of interest rate changes
on job flows, we use a procedure very similar to that of Morgan ( 1 993).
Karras ( 1 996) examines whether asymmetry, traditionally reported in
U.S. data, is also a European phenomenon. Using annual data from 1953 to
1 990, he identifies money-supply shocks for a panel of 1 8 European coun
tries and shows that various specifications and estimation methods strongly
support asymmetry. Similarly to the Morgan paper, Karras shows that
asymmetry also characterizes interest rate effects: increases in interest rates
result in statistically significant decreases in output, while reductions in the
discount rate have insignificant output effects.
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Il . Concepts and Notations

We consider a continuous time economy populated by a fixed quantity of
risk-neutral workers normalized to one for simplicity. Workers can be
either employed or unemployed and looking for a job. Since our focus is on
jobs, rather than on firms, we assume that each firm is made up of only one
job. Jobs are forward-looking assets that can be in two different states: filled
and producing or vacant. Filled jobs produce one unit of a homogeneous
product with different productivity levels E, and each job is characterized
by an irreversible technology. The job's productivity is subject to idiosyn
cratic (firm-specific) shocks and randomly switches between different val
ues. The idiosyncratic risk is modeled as a simple Poisson process with an
arrival rate equal to A.. Conditional on being hit by an idiosyncratic shock,
the new productivity level is drawn from a common productivity distribu
tion F(E), with finite support over the interval E, - E,, and with no point
mass, other than at the upper support E,. Existing firms observe only the cur
rent productivity level E and must decide whether to keep the job open or
whether to immediately destroy it at no cost. Firm behavior is described by
the choice of a reservation productivity, Ed, below which the continuation
of production is no longer profitable, and job destruction takes place when
a filled job draws a productivity below the reservation level.
Vacant jobs incur a search cost equal to y and are slowly matched to
unemployed job seekers; similarly to the definition used in the empirical lit
erature, job creation takes place when a vacant job meets an unemployed job
seeker. We assume that newly created jobs have the option to select the best
productivity in the market and create a job at the upper support of the distri
bution E,. However, after a job has been created, the technology becomes
irreversible and firms cannot adjust their productivity levels. The meeting of
unemployed job seekers and vacant firms is described by a homogeneous of
degree one matching function m(u, v), where u and v are, respectively, the
unemployment and the .vacancy rate. In what follows, we shall indicate with
q(e) =

m(u, v)
V

,

e

V
= -

u

,

the probability of filling in an existing vacancy, where e is a measure of
market tightness from the firms' standpoint. Similarly, the job finding rate
for unemployed job seekers reads 9q( 9) = m(u, v) . Monetary policy's stance
u

is exogenous and is indicated by the interest rate r. In Section m, monetary
policy is fixed and existing firms and unemployed job seekers take as given
the interest rate r. Conversely, in Section TV, monetary policy can be tight
or easy and there is a probability !l of switching between the two regimes.
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The existence of the matching frictions and the search costs generate a
pure economic rent to be shared between firms and workers already
matched, and to close the model it is necessary to specify a wage rule. In
most of the matching literature (Pissarides, 1990) the rent-sharing problem
is solved with a Nash-bargaining game at the level of the job. Since the
focus of this paper is on job creation and job destruction, rather than on
wages, we assume that firms extract all the surplus from the match and fix
the wage at the workers' reservation utility level b. As Diamond ( 1 97 1 ) has
shown, this outcome is an equilibrium in a wage-setting game in which
workers search sequentially at some positive cost and have only the power
to accept or reject offers. Given this outcome, workers have no incentive to
search on the job and their behavior is fuJly described by the reservation
utility level b. Finally, with respect to the existing Mortensen and Pissarides
( 1 994) model, we do not model common aggregate shocks and the
technology is fully described by the idiosyncratic productivity E.

Ill. A Minimalist Model: Steady State
In steady state, the policy stance is fixed and each firm takes as given the
exogenous interest rate r. In line with the traditional matching literature
(Diamond, 1982, and Pissarides, 1990), we model jobs as forward-looking
assets that can be in two different states: filled and producing or vacant. We
present and solve the steady-state model in three steps. First, we solve for
the job destruction decision of existing firms. Second, we focus on job cre
ation and solve for the vacancy posting decision. Finally, we introduce
aggregate unemployment and close the model.
Since the productivity of each job is stochastic and randomly jumps
across the productivity distribution F, the value of an existing job depends
on its current productivity E, and in what follows we shall indicate with
l(E) the value-function of a filled job with idiosyncratic productivity E. At
each point in time the asset function J(E) yields a (net) flow of production
equal to the difference between the idiosyncratic productivity E and the
exogenous wage rate b. Furthermore, with finite probability A, an idiosyn
cratic shock arrives, the productivity E changes, and the firm draws a pro
ductivity level from the distribution F(.). Thus, conditional on a change in
productivity, the firm incurs a capital gain (loss), equal to the positive (neg
ative) difference between the expected value of a job and the value of the
current job. Accordingly, the asset valuation of a job of productivity E reads

rl(E) = E - b + A {E[Jjl(E) > 0] - J(E)},

(I)

where E[JIJ(E) > 0] is the expected value of a job, conditional on a positive
value l(E). Equation ( I ) shows that the return from a job is equal to the sum
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of a dividend, E - b, and an expected capital gain (loss). Since a firm always
has the option to shut down a job that commands a negative present value, the
expectation term in equation ( l ) i s conditional on those values of E that yield
a positive value function J(.). Making use of the probability distribution F(.),
the conditional expectation of equation ( 1 ) can be conveniently expressed to
reflect the firm choice between the value of each job and the firm's option to
freely destroy a job. The firm's decision problem in equation ( l ) reads
E[JiJ(E) > 0] =

(2)

J (max[J(y), 0]} dF(y)

Differentiating equation ( I ) with respect to E yields
I

J '(E)
=

(3)

r+ A '

and shows that J(E) is a monotonic increasing function of E. Firm behavior
can be fully described by the choice of a reservation productivity, say Ed, so
that for each productivity level lower than E,�> a job is immediately destroyed.
Formally, the reservation productivity or cut-off value Ed is defined as
J(E1,) E 0.
After a simple integration by parts,2 and making use of the definition of E,1,
the expected value in equation (2) reads

J {max[J(y), 0] }dF(y) [ J(y)dF( y)
=

"

Et
t

=

�
[
r + A. EtJ

"

[ 1 - F(y)]dy.

(4)

Making use of equation (4) in equation ( I ), and evaluating equation ( I ) at
J(E,,) = 0, the reservation productivity (or cut-off value) Ed solves
Ed

-

f.'"

(5)

A
b = - -[ I - F(y)]dy.
A + r '"

Equation (5) is the first key equation of the model and uniquely solves for
the reservation productivity Ed, as a function of the parameters of the model
and of the distribution F(E). The left-hand side of equation (5) is the profit
from the marginal job and is negative. This implies that a zero present value
for the marginal job is consistent with a negative marginal profit. Since
firms have the option to shut down the job at no cost, they hoard tabor in
the event that conditions improve. Several comparative static results are
derived in Appendix I. First, when

a;;

� 0, higher interest rates increase the

2Making use of equation (I), it is easy to derive that

f.Eu J(x)dF(x) = J(Eu) - �J.Eu F(x).
EJ

r

}

+ 1\. Eel
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marginal productivity. Intuitively, higher discount rates reduce the present
value of future returns and make the firm less willing to hold on to existing
jobs. Second, when

��

$0, the higher arrival rate of the idiosyncratic shock

reduces the reservation productivity. Since the persistence of the idiosyncratic
shock is

�,

a higher A reduces the persistence of each shock and makes the

firm more wilJing to hold on to existing jobs.
Job creation is a costly and time-consuming process, and comes from
the matching of vacant jobs and unemployed job seekers. Vacancies are
forward-looking assets owned by the firm and their yield is the sum of a div
idend and a capital gain. Since vacancy posting involves a flow cost ofy per
period, the dividend is equal to -y per period. Furthermore, with instant
probability q(9), a vacant job meets an unemployed job seeker and creates
a job at the upper support of the distribution. If we let V be the present value
of a vacant job, the asset valuation of a vacancy reads
rV = -y + q(9)[ J(E, ) - V],

(6)

where J(eJ - V is the capital gain associated with the meeting between a
vacant job and an unemployed job seeker. If there is free entry and full
exhaustion of rents, as in Pissarides ( 1 990), vacancies will be created as
long as their present value is positive. Thus the free-entry condition implies
that, in equilibrium, V= 0 . Substituting in equation (6) for V = 0 yields
1< e,) =

qla)

(7)
·

Since llq(9) is the average duration of a vacancy, y/q(9) is the expected
search cost, and equation (7) shows that the value of a job at the upper sup
port of the distribution is equal to the expected searching cost. Making use
of equation (5) and of equation ( l ) evaluated at the upper support E,., J(e.,)
can be written as
J(E ) = E., -�d .
.,

r+

and the job creation condition becomes
E.,

-

Ed

r+A

=

"(
q(9)"

(8)

Equation (8) is the second key equation of the model and, given the
reservation productivity El1, uniquely solves for a. Appendix I derives the
comparative static results. In particular, higher interest rates reduce market
tightness. Higher interest rates reduce the present value of a new job and
make vacancy posting less attractive.
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To close the model, we need to introduce unemployment. In steady state,
unemployment is constant and job creation is equal to job destruction.
Aggregate job creation is the fraction of unemployed job seekers that meet
a vacant job and can be written as

JC= 9q(9)u .
Aggregate job destruction is the fraction of existing jobs hit by a shock
below the reservation productivity Ed and reads

JD = A.F(ed)(1

-

u).

Ifjob creation must be equal to job destruction, equilibrium unemployment
solves
u

=

A.F(Ed
) .,-----'
'--"-'-.
A.F( Ed ) + 9q(9)

(9)

Equation (9) is the Beveridge curve and completes the description of the
modeL The model is recursive and is fully described by three equations.
Equation (5) determines the reservation productivity Ed. Equation (8), given
Ed, uniquely solves for e. Finally, equation (9), given e and Ed, determines
equilibrium unemployment. From equation (9), an increase in interest rate
r unambiguously increases unemployment. In steady state, changes i.n the
interest rate reduce firms' job creation and increase firms' job destruction
and permanently affect equilibrium unemployment. To look at the asym
metric effect of interest rate changes on job flows, we need to expand the
model and explicitly allow for changes in the interest rate.
IV.

The Model with Tight and Easy Policy

This section extends the model of the previous section and considers an
economy in which the policy stance can be tight or easy and, from the
agents' standpoint, randomly switches between the two states. In what fol
lows we assume that the interest rate can take a high value r* and a low
value r. We assume that the stochastic process that drives the policy change
is Poisson with arrival probability j..t. We solve the extension of the model
and highlight the empirical implications through a simple simulation.
Model

From the steady-state model solved in the previous section, it is clear that
in each policy regime, firms' behavior is characterized by a reservation pro
ductivity. In what follows, we shall indicate with eJ' and Ed the reservation
productivity during tight and easy policy, respectively. Furthermore, since
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the interest rate during periods of tight policy is higher than the interest rate
during periods of easy policy (r* > r), the comparative static results of
Appendix I suggest that ej > etf. To solve the model, however, we need to
specify a policy state contingent value function. Thus, we need to explic
itly model the behavior of a filled job in each policy stance, and in what fol
lows we shall indicate with J*(e) and J(e) the forward-looking value of a
job with productivity E under tight and easy policy, respectively.
For values of the idiosyncratic productivity e > ed', the value of a job dur
ing a period of tight policy, J*(e), reads

l"*l*(E) = E - b + A

r�
.,
,

{maxl J*(y), 0 ] - J*(E) )dF(y)

+ f.,l( J(E)- J*(E)],

E

�

e; ,

( 1 0)

where at rate A an idiosyncratic shock arrives and at rate 11 a policy switch
takes place. With respect to the steady-state specification of equation ( l ),
equation ( 1 0) features an extra capital gain term: at rate Jl policy switches
from tight to easy, the firm loses its current value J*(e) and gets the value
of a job with the same productivity level during an easy regime, J(e).
Similarly to equation (I 0), the value of a job during a period of easy
poUcy, J(e), for e > e,1 reads

[

rJ(e) = E - b + A.. " {max[J(y), 0] - J(e) }dF( y )
<d

+ Jl[l*(e)- J(e)],

:

E�e .

(11)

For idiosyncratic values below e:J', a job is operative only during periods
of easy poUcy and J( e) reads

[

rJ(E) = E - b + A.. " {max(J(y), 0 ) - J(E) }dF(y)-f.,ll (E),
<d

( 1 2)

The last term in equation ( 12) reflects the capital loss deriving from a
change in the policy regime: a job with productivity level E < ed' is imme
diately destroyed i f policy turns tight, and the firm loses its current value
J(e). Differentiating equations ( I 0) and ( 1 1 ) with respect to E yields

aJ* (E)

( 1 3)

r + A + 2Jl

aE = (r + A + ll)(r* + A + f..l ) - 112
and

r* + A + 2Jl
� = (r + A + U)(r* + A + U) - u_2

aJ(e)

'VE � E *
d·
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Similarly, di fferentiating equation ( 1 2) with respect to E yields
( l 5)

MaJdng use of equations ( 1 3), ( 1 4), and ( 1 5), after integrating by
parts, the reservation productivity during tight policy, e:t, solves as follows:

Ed* - b = -

A.( r + A. + 211)
"\
) 2
(r + ��. + ll )( r* + ��. + ll - ll
"\

- r +r+

ll

(Ej - Et/).

[" [I - F(y)]dy
a
•
•

( 1 6)

Similarly. the reservation productivity during easy policy solves
E,/ -

b=

-

_

A
t[l - F(y)]dy
r+ A + J.I <,J
A(r* + A. + 211 )
f.•"[t - F( )1)]dY·
(r + A + J..l )(r* + A + J..l ) - J..l 2 .;,
•

( 17)

To obtain market tightness during tight and easy policy it is first neces
sary to solve for the value of a job at the upper support of the distribution.
Subtracting from both equation ( I 0) and equation ( I I ) the reservation pro
ductivity ( 16), it is possible to write
(r* + A. + !l)J*(E,.)

=

E,. - ej + ll[l(e,.) - J(ej)],

( 1 8)

(r + A + !l)[l(E11) - l(ej)] = E11 - ej + Ill* (E").

( 19)

and

Equations ( 1 8) and ( I 9) form a system of two equations that can be
solved for J*(e,) and J(e,) -J(e,1). Similarly, subtracting equation ( 1 7) from
equation ( 1 2), it is possible to write
(20)
Equation (20), given J*(E11) from ( 1 8) and ( 1 9), uniquely solves for l(Eu).
Given J*(E,) and l(E,) from equations ( 18), ( 19), and (20), two expressions
analogous to equation (6) yield 9 and 9*.
To complete the model, we need two differential equations that describe
the dynamics of unemployment during the different regimes. During peri
ods of tight policy, the unemployment dynamics are given by the difference
between job creation and job destruction and read
it =

A.F(ej )(I - u ) - 9* q(9*)u,

while during periods o f easy policy the differential equation becomes
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(22)

where the difference between equations (2 1 ) and (22) is the fact that during
periods of tight policy job creation and destruction are driven by E] and e*,
while during periods of easy policy they are driven by Ec� and e.
Discussion and Simulation

In the model with tight and easy policy, job creation and job destruction
change over time, and it is possible to analyze the response ofjob flows to
changes in policy. Since Ed > E,1, equations ( 2 1 ) and (22) show that, other
things equal, there is more job destruction during periods of tight policy
than during periods of easy policy. Similarly, since e * < e, there is more
job creation during periods of easy policy.
Let us now consider what happens when there is a switch from tight to
easy policy. The intuition goes as follows. On impact, e jumps upward and
E falls downward. Those jobs whose productivity level is now higher than
E." and lower than E.d will no longer be destroyed and job destruction will
fall . The jump in e causes a jump in the number of vacancies and an increase
in job creation through the slow matching described by eq(e). This process
will continue as long as job creation is equal to job destruction or there will
be another policy shock. Let us now consider what happens when the pol
icy shifts from easy to tight. As e* < e, job creation falls in a symmetric
way to the increase in job creation during a shift from tight to easy policy:
the number of vacancies faJJs and so does job creation. The behavior ofjob
destruction during a switch from easy to tight is the driving force behind the
asymmetric effect of interest rate changes. First, since E.d > E.", job destruc
tion is higher, and those jobs whose productivity is lower than EJ will now
be destroyed. But on impact, as the reservation productivity jumps to E.,f ,

all jobs whose idiosyncratic productivity lies between the two reservation
values are immediately destroyed. This jump in job destruction does not

find a counterpart in the behavior of job destruction during a switch from a
tight to an easy regime, nor in the behavior of job creation during switches
from tight to easy policy. The intuition would suggest that job flows
respond to interest rate changes in an asymmetric way.
To simulate the model's response to policy switches in a formal way we
need to discretize time and to characterize the distribution of employment
at each reservation productivity E. Appendix I l shows how to obtain the dis
tribution of employment and how to simulate the model when time is dis
crete and uncertainty is resolved at the beginning of each period. Table 1
gives the parameter values used for such simulations. The choice of the
parameter is standard and is in line with the values used by Mortensen and
Pissarides ( 1 994) for simulating the U .S. job flows, but in this paper the
simulations are meant to be suggestive rather than fully realistic.
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Table I .

Baseline Parameter Values

Variables

Notation

Value

a

0.500
1 .000
0.000
0.050
0.020
0.100

Matching elasticity
Friction parameter

k
b
r*

Reservation utility
Tight interest rate

r

Easy interest rate
Idiosyncratic shock rate

A.
F(.)

Price distribution
Upper support

uniform

1 .000
- 1 .000

Lower support
Switching probability

0.100

Source: Author's calculations.

Figure 1 plots the time profile of net employment changes (the difference
between JC and JD in equations (22) and ( 2 1 ) ) aJoog a full policy cycle. The
economy starts off i n an easy regime, switches to tight, and finally goes
back to the easy regime. I n correspondence to the switch to tight policy (in
period 3 in Figure 1), there is a clear spike in net employment change that
does not find a counterpart in the behavior of net employment changes when
the policy switches back to the easy regime (in period 1 3 in Figure 1 ) . At
the time of the policy switch, the model predicts an asymmetric effect of
monetary policy on the behavior of net employment changes. EventuaJiy,
net employment changes go back to zero and unemployment is constant.
Thus, in the very long run the asymmetry fades away.
Figure 2 reports, for the same time profile as Figure l , gross job creation
and gross job destruction. From Figure 2, it is clear that the asymmetric
Figure 1 .

Net Employment Change in Response to Changes in Policy

Net employment change
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Figure 2. Gross Job Flows in Response to Changes in Policy
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response of net employment changes to interest rates is driven by the behav
ior of job destruction. Furthermore, not only does the jump in job destruc
tion not find similarities in the behavior of job creation during the switch
from tight to easy policy, but the response ofjob creation is much smoother,
due to the existence of the matching function, which acts as a stochastic fil
ter on the increase in vacancies. The other empirical implication of the
model is thus that the marginal effect of tight policy on job destruction
should be larger than the marginal effect of easy policy on job creation.
To conclude, our theoretical model implies that, on impact, changes in
monetary policy have asymmetric effects on job creation and job destruc
tion. In particular, we pointed out two empirical implications. First, net
employment changes should be more responsive to increases in interest
rates than to proportional cuts. Second, the increase in job destruction in
response to increases in interest rates should be higher than the increase in
job creation in response to cuts in interest rates. In the next section we turn
to the empirical investigation and we test the implications of the model.

V. Empirical Evidence
Data
We use two sets of data. Job flows data are the statistics compiled by
Davis and Haltiwanger ( 1 990 and 1992) for the U.S. manufacturing service
between 1972:2 and 1 988:4. Gross job creation (destruction) is measured
as the sum of all employment gains (losses) at the level of the establishment
in a given period in the U.S. manufacturing industry. If we divide job ere-
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ation (destruction) by the number of jobs in the sample, we get the job
creation (destruction) rate. The difference between the job creation and
destruction rates is the traditional measure of net employment changes.
Figure 3 is from Davis, Haltiwanger, and Shuh ( 1 996) and plots the quar
terly time series ofjob creation, job destruction, and net employment change.
The fact that job destruction experiences wider fluctuations than job creation
is evident and has stimulated much interest and research (Mortensen and Pis
sarides, 1 994; Caballero and Hammour, 1 995; and Garibaldi, 1 997). Policy
data are constructed using the federal fund rate for the U11ited States between
1971:2 and 1 988:4, as reported in the IMP's International Financial Statis
tics (line 60b). To carry out the empirical analysis, we need also the growth
rate of GDP and the inflation rate, as measured by the consumer price index.
In the subsection where we check the robustness of our findings, we also use
the oil price in U.S. dollars, the growth rate of the money supply (line 34),
and the government net borrowing (line 84).
The onJy problem with the comparability of the data concerns the different
definition of quarter in the two data sets. In the flows data, the first quarter is
defined as the change in employment between end-November of the previous
year and end-February. Conversely, in International Financial Statistics the
first quarter is defined as the traditional end-December to end-March period. In
what foUows we do not adjust the series but we keep in mind that the contem
poraneous value of the two time series has a lag of approximately one month.
Evidence of A s ymmetry
We employ the econometric procedure developed in the empirical liter
ature on the asymmetric effects of monetary policy (Morgan, 1 993, and
Figure 3. Net and Gross Job Flows in Manufacwring, 1972:2 to 1 988:3
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Cover, 1 992) and briefly discussed in Section I. First, we need to specify
the interest rate process.
In what follows, we follow Morgan and regress the level of the federal
fund rate on its own lagged values, on current and lagged values of output
growth, and on current and lagged values of inflation. The federal fund
process reads

i=P
i=N
i=M
F, = a + L CX.;F,-; + L �;G,_; + L "{;1t,_; + e, ,
i=l

i=O

(23)

i=fl

where F, is the federal fund rate, G, is the real growth of output, n, is the
inflation rate, and e, is a white noise. Following Cover ( 1 992), we define a
negative shock in monetary policy as

tight = max(e,, 0),

(24)

and a positive shock as

easy = min(e,, 0).

(25)

To analyze the effect of positive and negative policy shocks on job flows,
we specify the following process for job flows data. Net employment
changes are regressed on a constant term, on their own lagged values, and
on lagged values of the series defined in equations (24) and (25). Formally,
the job flow process reads
i=Q

t=R

i=S

i=l

i=l

i=l

NET, = � + L_ o;NET,_; + L_ p;tight,_; + L ffi,easy,_, + z,.

(26)

As the quarterly definition of NET, is di fferent from the quarterly defini
tion in F" equation (26) does not include the contemporaneous value of
shocks tight, and easy,. A regression similar to that in equation (26) can be
estimated for job creation (JC,) and for job destruction (JD,).
We estimate the system described by equation (23) and equation (26)
using two different econometric methods. The first method is the two-step
procedure used by Barro ( 1 977 and 1 978) in his study of the effects of unan
ticipated and anticipated money shocks. In the first step, equation (23) is
estimated by ordinary least squares (OLS), and the residuals are used as
regressors in equation (26). Several authors, and Mishkin ( 1 982) in partic
ular, have pointed out the advantages of a simultaneous estimation of the
system in equations (23) and (26). Thus, the second method requires the use
of multivariate maximum likelihood for a simultaneous estimate of the sys
tem specified in equations (23) and (26). Nevertheless, from the empirical
analysis that follows, it is obvious that the overall results do not depend on
the particular method applied.
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The first issue we address concerns the specification of the number of lags
in equation (23). As a starting point, we used the Akaike information crite
rion and, from equation (23), we select M = N = 1 and P = 2. The results are
reported in Table 2.
Table 3 reports the results of the second stage of the procedure, that is,
the regression specified in equation (26), using the residual obtained from
the regression of Table 2. Table 3 uses job flows data that include employ
ment changes originated in existing establishments as well as in newly
created (destroyed) establishments.
The second column of Table 3, labeled NET, reports the regression of net
employment change (NEn on its own Jag value, and on the policy shocks
variables and their lags. As predicted, the coefficients on tight have a nega
tive sign and the coefficients on easy have, overall, a positive sign. Both
shocks have a significant effect on net employment changes but the tight
shock has a bigger (negative) impact than the easy shock. Quantitatively, the
sum of the coefficients on tight are several times bigger than the sum of the
coefficients on easy and the hypothesis that the sum of the two coefficients
is equal is confidently rejected. In particular, the impact of tight policy on
net employment changes takes place predominantly in the first Jag, while the

Table 2.

Federal Fund Rate Process 1971:1 to 1988:4
Ordinary Least Squares

F

=

Federal fund rate

Variables

Estimate

Constant

-0.49
(0.54)
0.92***
(0.05)
0.58***
(0.17)
0.49***
(0. 17)
-0.37**
(0. 17)

G,•

Number of observations:

F(4,66) = 1 1 0.42
R2 0.87

71

=

Ar( I ) coefficients of the residuals = -0.16 (0.12)

Akaike criterion = 0.30

Source: Author's calculations.
Notes: Standard errors are in parentheses. One, two, and three asterisks indicate
significance at the I 0. 5, and I percent level, respectively.
•GDP growth rate.
bJnAation rate.
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Job Flows Estimate 1972:2-1988:4: All Firms

(Ordinary least squares, second stage regression)

Constant

tight,_.
tight,_2
easy,_1
easy,_z
NET,_1
N£T, z
_

NET

JD

JC

0.37
(0.32)
- 1 .01***
(0.25)
-0.12
(0.27)
0.99***
(0.32)
-0.84***
(0.35)
0.72***
(0. 12)
-0.46***
(0. 13)
0.34***
(0. 1 1 )

2.06***
(0.77)
0.73***
(0.2 1 )
0.17
(0.2 1 )
- 1 .03***
(0.32)
0.39*
(0.34)

1 .66***
(0.67)
-0.20**
(0. 1 1 )
-0.06
(0. 1 1 )
0.08
(0.14)
-0.38***
(0.14)

0.64***
(0.12)
-0.42***
(0.13)
0.29***
(0. 1 1 )

JD,_.

JC,_.
JC,_z

SUM(tight)"
SUM(easy)b
tight = ()<
easy = ()d
easy = tight•

-1.13
0.15
8.48***
6.96***
4.06**

0.91
-0.63
9.14***
8.21 ***
8.40***

0.55***
(0. 12)
-0.08
(0. 13)
0.18*
(0. 1 1 )
-0.27
-0.37
1 .96
3.62*
0.15

Source: Author's calculations.
Notes: Standard erl'ors are i n parentheses. NET, JD, and JC are net
employment, job destruction, and job creation. One, two, and three asterisks
indicate significance at the I 0, 5, and I percent level, respectively.
• Sum of the tight coefficients.
b Sum of the easy coefficients.
•F-statistic of the hypothesis that the coefficients on tight are jointly zero.
d F-statistic of the hypothesis that the coefficients on easy are jointly zero.
• F-statistic of the hypothesis that the sum of the coefficients on tight equal
the sum of the coefficients on easy.
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coefficients on easy policy are significant at both the first and the second Jag,
and the second Jag has a negative sign.
Looking at the regression on job destruction, in the third column of
Table 3, there is again some evidence of asymmetry, even though the mag
nitude of the effect is somewhat smaller. Tight policy increases job destruc
tion more than easy policy reduces it, similarly to the theory's prediction.
Finally, looking at the effect of the tight and easy variables on job creation,
Table 3 finds that easy monetary policy reduces job creation. This finding
is certainly counterintuitive, but in Table 3 it is impossible to reject the
hypothesis that the overall effects of tight policy and easy policy on job
creation are different. Basically, from the last column ofTable 3, it is impos
sible to conclude that there is clear evidence of the effect of monetary policy
on job creation. Table 4 reports results for the same regressions as Table 3,
but uses job flows data that exclude the employment changes originated in
newly created and destroyed establishments. Overall, the results in Table 4
confirm the results of Table 3, and find clear evidence of asymmetry in the
regressions that use net employment change and job destruction.
Table 5 reports simultaneous estimates of the system specified in equa
tions (23) and (26) using a multivariate maximum likelihood. The overall
evidence on asymmetry is still significant, even though the magnitude of
the effect is smaller. The standard errors of the policy coefficients on net
employment change are very similar to those of Table 3, but in Table 5 the
effect of tight policy is only twice as great as the effect of easy policy. Sim
ilar considerations hold for the coefficients on job destruction. In the case
ofjob creation, maximum likelihood estimates show that the negative effect
of easy policy on job creation is not statistically significant. From the results
of Table 5 i t is clear that the evidence of asymmetry does not depend on the
particular econometric method applied.
Robustness Checks

This subsection investigates the robustness of the evidence of asymmetry
to a number of specifications and generalizations. First, we check whether
the results of the preceding subsection depend on the particular number of
lags of the policy shocks. Second, we change the specification of the federal
fund process and include a higher number of lags. Third, we include in equa
tions (23) and (26) the effects of other variables, such as the dollar price of
oil, government net borrowing, and growth of the money supply.
The model developed in the first part of the paper suggests that the trans
mission of easy policy on job creation takes more time to produce its effect
than does the transmission of tight policy on job destruction. Thus, the
model predicts that in the very long run the asymmetric effect of tight and
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Job Flows Estimate 1972:2-1988:4-Continuing Firms
(Ordinary least squares, second-stage regression)

Constant
tight,_!
tight,_2
easy,_l
easy,_2

NET,_1
NET,_2
NET,_3

NET

JD

JC

0.42*
(0.30)
-0.99***
(0.22)
0.02
(0.23)
0.92***
(0.28)
-0.9 1**
(0.3 1 )
0.72***
(0.12)
-0.5 1 ***
(0.12)
0.39***
(0.10)

2.27***
(0.78)
0.73 ***
(0.20)
0.08
(0.20)
-1 .07***
(0.23)
0.41
(0.29)

2.12***
(0.67)
-0.16
(0.18)
-0.09
(0.10)
-0.04
(0. 1 3)
-0.37**
(0.13)

0.54***
(0.13)
-0.40***
(0. 1 2)
0.26**
(0. 1 1 )

JD,_I
JD,_l
JD,_J
JC,_I
JC,_2
JC,_3
SUM(tight)"
SUM(easy)b
tight = ()<

easy = ()d

easy = tight<

-0.96
0.01
9.06***
10.15***
8.23***

0.82
-0.65
1 1 .37***
8.54***
7.74***

0.45***
(0. 12)
0.10
(0. 1 1 )
0.1
(0. 1 1 )
-0.25
-0.41
1.82
4.2***
0.44

Source: Author's calculations.
Notes: Standard errors are in parentheses. NET. JD, and JC are net
employment, job destruction, and job creation. One, two, and three
asterisks indicate significance at the 10, 5. and I percent level,
respectively.
"Sum of the righr coefficients.
"Sum of the easy coefficients.
F-statistic of the hypothesis that the coefficients on right are jointly
zero.
d F-statistic of the hypothesis that the coefficients on easy are jointly
zero.
F-statistic of the hypothesis that the sum of the coefficients on right
equals the sum of the coefficients on easy.
c

<
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Job Flows Estimate 1972:2-1988:4-Joint Estimates
(All finns, maximum likelihood)"

lighl,_,
lighl,_2
easy,_,
easy,_2
F,_,

G,
7t,

7t,_,

SUM(tight)b
SUM(easy)<
tight = 0d
easy = ()<
easy = 1igh1r

NET

JD

-1 .02***
(0.22)
0.04
(0.23)
1 .48***
(0.36)
-0.97***
(0.38)
0.99***
(0.04)
0.49***
(0. 1 1 )
0.61 ***
(0. 1 1 )
-0.55***
(0. 1 1 )
-0.98
0.50
22.5***
2 1 .38***
5.51*

0.75***
(0.21)
0.10
(0.2 1 )
- 1 .2 1 * * *
(0.32)
0.41 *
(0.34)
0.98***
(0.04)
0.55***
(0.12)
0.52***
(0. 1 1 )
-0.43***
(0. 1 1 )
0.85
-0.79
I 5.47***
2 1 .54***
8.65**

JC
-0.20
(0.16)
-0.06
(0.17)
0.08
(0.2)
-0.39**
(0.42)
0.91 ***
(0.04)
0.56***
(0.15)
0.47***
(0.13)
-0.34***
(0.13)
-0.27
-0.38
1 .89
3.80
0.09

Source: Author's calculations.
Notes: NET, JD, and JC arc ncl employment, job destruction, and job
creation respectively. Standard errors are in parentheses. One, 1wo, and three
asterisks indicale significance at the 10, 5, and I percent level, respectively.
• Regressions include a constant and three lags of the dependent variable.
h Sum of the tigh1 coefticients.
Sum of the easy coefficients.
d F-statistic of the hypothesis that the coefficients on 1igh1 are jointly zero.
< F-statistic of the hypothesis that the coefficients on easy are jointly zero.
r F-slatistic of the hypothesis that I he sum of the coefficients on light equals
the sum of the coefficients on easy.
c

easy on job creation would disappear. In this respect, it seems important to
check whether the existence of asymmetry depends on the number of lags
included in equation (26). Table 6 performs simultaneous maximum likeli
hood estimates of the system specified in equations (23) and (26), and
includes three Jags of the policy shocks. With respect to net employment
changes, the coefficients on the third lags are not significant and a test on
the absence of asynunetry is confidently rejected. I n the estimates of job
destruction, the overall negative effect of easy policy on job destruction is
greater than the positive effect of tight policy, but the coefficient on the
third lag of the policy shock is not significant. I n the case of job creation,
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Table6. Job Flows Estimate 1972:2-1988:4-Estimates with Three Lags
(All firms, maximum likelihood; three lags i n tight and easy)

NET
tight,_,
tight,_2
tight,_,
easy,_,
easy,_2
easy,_3
F_ ,
,

G,
1t,

1t,_,

SUM(tight)h
SUM(easy)c
tight = ()d

easy = OC
easy = tighrr

-1 .03***
(0.04)
-0.23
(0.27)
0.02
(0.07)
1 . 1 2***
(0.36)
-0.83**
(0.34)
-0.16
(0.4)
0.96***
(0.04)
0.57***
(0.13)
0.43***
(0.09)
-0.30**
(0.15)
-1.25
0. 1 2
17.5***
24.38***
2.76

JD
0.73***
(0.19)
0.06
(0.29)
-0.07
(0.22)
- 1 .34***
(0.22)
0.45*
(0.3 1 )
-0.26*
(0.35)
0.99***
(0.04)
0.50***
(0. 1 1 )
0.53***
(0. 1 1 )
-0.43***
(0.12)
0.72
-0. 1 5
13.53***
1 8.32***
7.67**

JC
-0.17
(-1 .04)
-0. 1 6
(0. I 7)
-0.03
(0.14)
-0.07
(0.32)
-0.31
(0.23)
-0.31
(0.23)
0.93***
(0.04)
0.57***
(0.13)
0.47***
(0.13)
-0.27**
(0. 13)
-0.38
-0.70
2.51
2.86
0. 1 1

Source: Author's calculations.
Notes: NET. JD. and JC are net employment, job destruction. and job
creation, respectively. Standard errors are i n parentheses. One, two, and three
asterisks indicate significance at the 10. 5, and I percent level, respectively.
•Regressions include a constant and three lags of the dependent variable.
b Sum of the tight coefficients.
<Sum of the easy coefficients.
d F-statistic of the hypothesis that the coefficients on tight are jointly zero.
F-statistic of the hypothesis that the coefficients on easy are jointly zero.
r F-statistic of the hypothesis that the sum of the coefficients on tight equals
the sum of the coefficients on easy.
<

the presence of further lags in equation (26) does not change the poor per
formance of the overall regression. Regressions with a higher number of
lags (not reported here) do not change the results of Table 6. These results
go beyond the predictions of the model and suggest that the asymmetric
effect of monetary policy on job flows is a permanent phenomenon.
Table 7 es6mates the system of equations (23) and (26) using two lags of
the federal fund rate, two lags of GDP growth, and two lags of the infta6on
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Table 7. Job Flows Estimate 1972:2-1 988:4-Two Lags of Federal Rate
(All firms, two-stage ordinary least squares,• two lags in F, G, and 1t)
First-stage regression
F,_ ,

F,_2
G,
G,_,
G,_2

1t,
1t,_ ,

1t,_2

0.85***
(0.12)
0.08
(0.13)
0.45**
(0.19)
0.34*
(0.18)
0.07
(0.16)
0.75***
0.23)
-0.98***
0.40)
0.4 1 *
(0.23)

Second-stage regression

tight,_,
tight,_2
easy,_,
easy,_2
SUM(tiglzt)b
SUM(easy)"
right = ()d

easy = ()<
easy = tighr1

NET

JD

-0.88***
(0.27)
-0.45
(0.29)
0.49***
(0.36)
-0.56**
(0.38)
-1.33
0.37
6.99**
3.71**
5.95**

0.70***
(0.2 1 )
0.38
(0.22)
- 1 .05***
(0.28)
0.21
(0.3 1 )
1.08
-0.83
6.92**
7.94***

J 1 .35***

JC
-0. 1 3
(-0. 12)
-0. 14*
(0.12)
-0.02
(0.16)
-0.34
(0.16)
-0.38
-0.70
2.54
1 .47
0.09

Source: Author's calculations.
Notes: NET, JD, and JC are net employment, job destruction, and job creation.
respectively. Standard errors are in parentheses. One, two, and three asterisks indicate
significance at the 10, 5, and I percent level. respectively.
• Regressions include a constant and two lags of the dependent variable.
bSum of the right coefficients.
<Sum of the easy coefficients.
d F-statistic of the hypothesis that the coefficients on right are jointly zero.
< F-statistic of the hypothesis that the coefficients on easy are jointly zero.
r F-statistic of the hypothesis that the sum of the coefficients on right equals the sum
of the coefficients on easy.

rate. However, as the numberoflags in equation (23) increases, the maximum
likelihood estimator has problem of convergence. As an alternative, Table 7
employs OLS estimates.3 Even though the F-statistics in Table 7 are
somewhat smaller than the statistics in Table 3, the overall evidence on
asymmetry is still remarkable.
Finally, we check whether the results depend on the particular variables
used in the specification of the federal fund process. In what follows, to the
variables already considered in equations (23) and (26), we add the dollar
price of oil, a proxy for supply shocks, the growth of the money supply, and
the government borrowing requirement in percentage of GDP, with the aim
of capturing the fiscal policy stance. Table 8 shows that the evidence of
the asymmetric effect of monetary policy on job flows does not depend on

)The maximum likelihood estimates are very similar but the convergence takes
place only with a 1 percent level of tolerance.

©International Monetary Fund. Not for Redistribution

Table 8.
Job Flows Estimate 1972:2-1988:4-0i/ Price lncl11ded

0.83***
(0.12)
0.3 1 *
0.19
0.03
(0.15)
-0.8 1 **
(0.39)
0.45***
(0.22)
0.05***
(0.02)
0.02
(0.04)

m,

bg,

1t,_2

1t,

G,_.

F,_z

First-stage regression
-0.08
(0.14)
0.21
(0.18)
0.47**
(0.24)
0.45***
(0.22)
0.95***
0.39
0.007
(0.04)

easy = tiglztr

easy = ()<

tight = ()d

SUM(tight)h
SUM(easy)'

_

oi/, 2

oi/,_1

easy,_2

easy,.1

tiglzt,_2

righr,_1

-0.92**
(0.3 1 )
-0.43
(0.3 1 )
0.73 **
(0.44)
-0.46
(0.44)
0.015
(0.07)
-0.03
(0.07)
-1.35
0.27
5.44***
1.72
3.68*

NET
0.72**
(0.24)
0.33
(0.25)
-0.78**
(0.35)
0.22
(0.35)
-0.08
(0.05)
0.01
(0.05)
1.06
-0.56
5.38***
2.54
5.59**

JD

Second-stage regression

-0. 1 7
( 0.21)
-0.16*
(0.13)
-0.07
(0.19)
-0.30
(0.19)
-0.0 1
(0.03)
0.01
(0.03)
-0.33
-0.38
1 .47
1.50
0.019

JC

finns, two-stage ordinary least squares,> including controls for oil prices, money growth, and government borrowing)

<
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Source: Author's calculations.
Notes: NET, JD, and JC are net employment, job destruction, and job creation, respectively. Standard errors are in parentheses.
One, two. and three asterisks indicate significance at the 10, 5, and I percent level. respectively.
•Regressions include a constant and two lags of the dependent variable.
h Sum of the tight coefficients.
<Sum of the easy coefficients.
d F-statistic of the hypothesis that the coefficients on tight are jointly zero .
F-statistic of the hypothesis that the coefficients on easy are jointly zero.
r F-statistic of the hypothesis that the sum of the coefficients on tight equals the sum of the coefficients on easy.
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the particular specification of the system in equations (23) and (26).4 The
important result in Table 8 is the fact that the significance of policy shocks
on job creation disappears when we include the new regressors. Conversely,
tight and easy policy have a significant and asymmetric effect on job
destruction and on net employment changes.

VI. Conclusions
This paper has presented theory and evidence on the asymmetric effects
of monetary policy on job creation and destruction. Using the most recent
matching literature developed by Mortensen and Pissarides ( 1 994 ), the paper
has shown that the theory predicts a clear asymmetry between the effects of
interest rate changes on job creation and job destruction. In a model in which
existing firms face idiosyncratic uncertainty and endogenously select the
separation rate, a tightening of monetary policy, as described by an exoge
nous increase in interest rates, is immediately transmitted into higher job
destruction. Conversely, easing monetary policy produces a slow effect on
job creation and, in particular, does not produce the one-time jump in job
creation that higher interest rates produce on job destruction. As a conse
quence, net employment change responds more to increases in interest rates
than to reductions. However, as time goes on and the slow matching takes
place, unemployment goes back to its steady-state level and the short-run
asymmetry fades away.
Empirically, this paper has implemented a standard econometric tech
nique for identifying the stance of monetary policy and has shown that the
empirical implications of the model are broadly supported by the data.
Increases in interest rates significantly affect job destruction, while reduc
tions in interest rates fail to stimulate job creation. Using quarterly data for
the U.S. manufacturing data, there appears to be a clear asymmetric effect
of interest rate changes on the dynamics of job creation and destruction.
Moreover, the asymmetric effects of interest rate changes seem to hold also
in the long run, in addition to the short-run effect pointed out in the theo
retical analysis. Future research should investigate the temporary and
permanent effects of interest rate changes on job creation and destruction.
Throughout the paper, the role of monetary policy has been collapsed to
an exogenous change in interest rate and the paper was silent on the choice
of monetary policy at various stages of the cycle. Caplin and Leahy ( 1996)
propose a policy game between two investors and a policymaker uncertain
about the state of the world, and they show that gradual reductions in inter-

4Table 8 reports the results for all the variables together, but regressions with
each variable were also tried and this did not change the results.
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est rates provide little stimulus to an economy i n recession. Caplin and
Leahy provide some insight into the apparent failure of monetary policy to
end recessions, but their paper does not help explain why tight policy pro
duces significant reduction in economic activity. Future research should try
to endogenize monetary policy in a theoretical framework that implies the
asymmetric effect of monetary policy on job flows.

APPENDIX I

Some Comparative Static Results
In the steady-state model, the reservation productivity reads
E"

=

b-

f.'•

A
[I - F(y)]dy.
cr + r ..,
--

The effect of the interest rate i s
r and rearranging yields

(AI)

dE11

a; > 0. Differentiating equation (A I ) with respect to

(A2)

Since the integral on the right-hand side of equation (A2) is positive, it follows that

> 0.

The effect of A is
arranging yields

��

CJEd

ar

< 0. Differentiating equation (A I ) with respect to A and re

(A3)
Since the expression on the right-hand side of equation (A3) is negative, it follows that

dE,,

()A. <0.
The job creation condition is

E., - Ec1
"f
� = q(G).
ae

The effect of r is CJr <

(A4)

0.

Differentiating equation (A4) with respect to 9 yields
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-�(r + A) - (E, - EJ )
q'(8
(A5)
q(8
(r + A. )Since q'(e) < 0. from equation (A5), making use of the result in equation (A2), it follows
ae
that dr < 0.
r

")

= - --

Equilibrium unemployment reads

11

=

AF(E")
f...F( e,1 ) + eq(e)

(A6)
·

du

The effect of the interest rate is 0,.

> 0.

Differentiating equation (A6) with respect to r and rearranging yields

()11

dr =

/...f( e,)�9q(9) - q(e)LI - 11(9)]/...F(e" )�
[eq(e) + f...F(e, >12

(A7)

'

11(e) is the elasticity of the matching function with respect to e. With a constant
ae
return technology 11(e) < I and. since CJr < 0, the second term in the numerator is poswhere

itive overall. Furthermore, making use of the fact that

C>e"

a; > 0, the overall expression

is unambiguously positive.

APPENDIX II

Distribution of Employment
To actually simulate the model' s dynamics, it is first necessary to discretize time and
make some assumptions on the behavior of and The behavior of firms is fully char
acterized by the reservation productivity Ea and the market tightness
When there is a
change in policy the variables will immediately jump to the new value. Thus, in what
follows, we discretize time and assume that uncertainty is completely resolved at the
beginning of the period and constant throughout. Furthermore, we have to keep track of
the distribution of employment over the job-specific productivity. Let us discretize the
support of the distribution F over Kat distinet points a1 . . . aK with a1 < aK, and let n,(at
a*+1) represent the measure of workers at jobs with productivity within the interval Ot
Ot+l· As all existing jobs flow into this set at the rate f...LF(ak+1) - F(at)l and flow out at a
rate equal to the arrival rate of the productivity shock /..., if Clt> E", and if at - at+ l is suf
ficiently small, the law of motion of the distribution of employment can be written as

e,,

e.

e.

J[

]

n,+1(ah1 - at ) = ( I - f...)n, + f...[F(at-.1 ) - F(at > N, - J.',.! n,(x)dx
if e, > a*+1 and at > E,
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or

llr+l = 0 if (lk

<

E,,.

(A9)

In equations (A8) and (A9). N, represents total employment at the beginning of period

t and � is the reservation productivity at time t. Note that the most productivejobs, those

for which e

=

e,,

and the integral

are excluded. The latter jobs are obtained as the difference between N,

f.•• n,(x)dx.
1

•

Job creation is identical to the rate at which vacant jobs are matched with unemployed
workers in the model. Given that every unemployed worker finds a vacancy with prob
ability e; q(9;). where e· is the market tightness at time t, total job creation at time t is

C, = e;q(e; )(I - N, ).

(AIO)

If the matching function assumed is log-linear with search input elasticity a., making use
of equation (6). the matching rate reads

9'q(9')

=

a

kJ'(e,.)•-a.

(A l l )

A job is destroyed for one of two reasons. Either there is policy switch and the previous
job-speci fie component e is now below the new cut-off value or a newjob-specifie com
ponent falls below the existing component. It follows that
D,

=

J.•J
n,(y)dy
<t

+

[

]

A.F(e;,) N, - J.'J n,(y)dy
<,

.

(A 12)

Finally, to close the model and obtaining N, +�. we make use of the identity

N,+l

=

N, + C, -

D,.

(A 13)
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