
Evaluating the Effe cts of
Monetary Policy wi t h

E c onomic Mod e l s

4 Federal Reserve Bank of Atlanta E C O N O M I C  R E V I E W Fourth Quarter 1999

Policymakers always rely on some kind of explicit
model to infer the future impact of their actions on 
economic variables. Such preemptive policy further
re q u i res a model to be capable of providing not simply
a single-point forecast but, more importantly, a 
useful evaluation of how alternative policy options
might affect the actual economy. By consulting a menu
of such alternative outcomes, called policy projec-
tions, policymakers then have better information for
deciding on a particular policy action that will most
likely lead to economic results commensurate with
policy objectives.

The task of developing a model to accurately
extrapolate quantitative effects of alternative monetary
policy actions on the future economy has proved to be
a challenge, however. Economists know very well that
“a new complete model can easily re q u i re years to
develop; millions of dollars and careers may be devoted
to the effort” (Geweke 1999, 54). It is simply impos-
sible to have a super model that encompasses every
aspect of the actual economy. There f o re, a modeler
must consciously choose the kinds of questions a model
is designed to address. In this article the class of policy
questions considered concerns those that policymakers
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D i fficulties of Modeling 
M o n e t a ry Policy in Reality

To evaluate the effects of monetary policy under
alternative scenarios, one must model the behavior
of monetary policy. The more explicit and rigorous

the model is, the better the model can be understood
and improved, and hence result in more effective policy
making over time. For the purpose of regular policy
making, the model must be able to capture the complex
interactions among the key macroeconomic variables
that concern policymakers. Because of their complexity,
simple rules or expre s-
sions, although useful
at times, generally do 
not characterize these
interactions adequately.

In the continuing,
day-to-day implemen-
tation of U.S. monetary
p o l i c y, for example, 
the Federal Reserve
constantly evaluates
and reevaluates curre n t
economic conditions
and updates the fore-
casts of key macroeco-
nomic variables such as
inflation and output
under alternative policy scenarios. After weighing the
alternative outcomes, the Federal Open Market
Committee votes on how to direct a main policy instru-
ment, which currently is the federal funds rate. The
decision on whether to raise or lower the target for the
funds rate or to keep it at the current level depends in
large part on the assessment of the dynamic effects of
changes in the federal funds rate on various macroeco-
nomic variables such as inflation and the unemployment
rate in the next few years.

Such policy making is common across developed
countries. At the Bank of France, for example, senior
management “assesses the reserve position of the bank-
ing system and evaluates whether current market intere s t
rates, especially the interbank rate, are consistent with
the current stance of monetary policy and f o re i g n
rates. Instructions are then taken to the money m a r k e t
trading room at the Bank of France to intervene in the
interbank market on the basis of the evaluations of
monetary market and general macroeconomic con-
ditions” (Batten and others 1990, 78). The Bank of
C a n a d a “uses economic projections to translate the
B a n k ’s objectives into suggested paths for the instru-
ments of policy, and uses various economic and financial
indicators, notably monetary aggregates, to monitor
p r o g ress and help the Bank to act in a timely fashion
when necessary” (Duguay and Poloz 1994, 197).

Because of limited 
knowledge about how the
actual, complex economy
operates, policymakers
depend on models for
understanding the workings
of the economy.

regularly ask when the central bank is facing a decision
about monetary policy. In the U.S. economy, for ex-
ample, policymakers routinely ask for forecasts of key
macroeconomic variables such as inflation and the
unemployment rate if the Federal Reserve adopts dif-
f e rent federal funds rate paths over the next thre e
years. Assessing a model’s usefulness in providing a
menu of such projected outcomes for decision making
depends on particular criteria. The modeler should
t h e re f o re be all the more explicit about the criteria set
forth in developing the model.

This article focuses on five distinct criteria fre-
quently s t ressed in the economic literature as important
for assessing whether a model is usable. The model
should (1) be transparent and reproducible for inde-
pendent evaluation and further improvement; (2) be
able to incorporate new information to update its fore-
cast without ad hoc periodic judgmental adjustments;
(3) adequately capture the complicated, dynamic
i n t e r a c t i o n s among the multiple key macroeconomic
v a r i a b l e s of concern to the policymaker; (4) be based 
on economic theory and offer reasonable econo-
mic interpretations of the central bank’s behavior; and 
(5) be able to provide a menu of policy projections
under alternative policy scenarios in an economically
c o h e rent way. Many existing models meet only some of
these criteria. For a model to be usable for actual policy
decisions, however, all five are necessary.

The first three emphasize how well an explicit
model is fit to the data. The fourth criterion addre s s e s
the issue of separating the central bank’s behavior from
that of the rest of the economy. This issue is re f e r red to
as identification of monetary policy, a topic that has
received considerable attention in the recent literature
(see Zha 1997 and re f e rences therein). All four of these
criteria are pre requisite to the fifth one—the evaluation
of alternative policy scenarios.

This article uses the dynamic, six-variable model of
Leeper and Zha (1999) as a pedagogic example of how to
combine a well-fit model (criteria 1–3) with a successful
identification (criterion 4) to provide a menu of policy
projections under alternative policy scenarios (criterion
5). It begins with a discussion of the difficulties and
challenges associated with modeling monetary policy in
the actual economy. The five criteria are reviewed in
light of comparison among different classes of models to
highlight the strengths and limitations of empirical 
modeling for policy projections. The article explains the
distinction between a forecasting model and a policy
model and then discusses in detail the two distinct
aspects of policy making: baseline forecast and identifi-
cation of monetary policy. The final discussion illustrates
the complex assemblage of these two aspects as an
i n t e g r a t e d process of evaluating monetary policy effects
under alternative scenarios.
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To what extent a particular monetary policy action
will achieve its intended effects on output growth and
inflation depends crucially on how the economy develops
over time. Many unforeseen developments are outside
the central bank’s control: an unexpected decline in
commodity prices, a surprising improvement in the labor
market, an unanticipated strength in output growth, or
a sudden fall in the exchange rate, for example. These
private shocks, coupled with the central bank’s particu-
lar policy actions, affect economic performance and
often drive the economy along paths different from those
f o recast. When favorable or unfavorable shocks arrive,
policymakers need to “be flexible in revising fore c a s t s
and the policy stance in response to new information
contradicting their previous predictions” (Kohn 1995,
235) and adopt different policy actions accordingly
(Blinder 1997).

Consumers and producers in the private sector
also evaluate the dynamic impact of monetary policy
regularly in making their own investment decisions.
They understand that particular policy actions depend
on the changing state of the economy. Thus their
investment plans take into account the uncertain 
factors in actual monetary policy actions. The outcome
of such a complex interplay between monetary policy
and the private sector is reflected in the data observed
in the actual economy. The data themselves, however,
do not distinguish the behavior of the private sector
from that of the central bank and depend on models to
infer what the policy behavior is. Because differe n t
models lead to different conclusions, learning the cen-
t r a l b a n k ’s behavior from the data re q u i res care f u l
effort in approximating the actual economy in a work-
able framework.

The notion of “workable” is important because there
does not and cannot exist a model that perfectly 
re p resents the actual economy. The central bank’s re a l -
life behavior, as described above, is far more complicated
than can be completely captured by any kind of m o d e l ,
empirical or theoretical. All well-specified models at
best approximate the actual economy, offering differe n t
perspectives on the key interactions among a set 
of variables and having their relative strengths in 
some dimensions and weaknesses in others. Thus, the  
reasonableness of a particular model depends on 
how usable the model is for certain questions and under 
certain criteria.

T h ree Classes of Models

The policy questions addressed in this article con-
cern evaluating the dynamic effects of monetary
policy as the central bank faces decisions about

raising or lowering the interest rate. This section ana-
lyzes three popular classes of models used for this kind
of policy analysis.

One class of models searches for a single policy
variable (such as a monetary aggregate or an intere s t
rate) as an indicator of monetary policy. According to
this approach, the policy variable, be it a money stock 
or an interest rate, is controlled by the central bank 
but unaffected by other variables. Policy actions 
must evolve autonomously, independent of the changing
state of the economy. This scenario allows tracing the
effects of alternative policy choices re p resented by the 
movements in the policy variable conveniently and
unambiguously through the variable’s correlations with
other macroeconomic variables.

While such a model offers simplicity, its conditions
are scarcely met in actual economies. It would therefore
be difficult to have economically coherent interpreta-
tions for imposing these conditions in a policy model
(Tobin 1970). For example, the federal funds rate 
target is not set autonomously; rather, it is regularly
adjusted to reflect the Federal Reserve’s concern about
its own objectives of, for instance, price stability and
full employment. When fluctuations in economic activ-
ity or the repercussions of past policy choices threaten
this objective under the current level of the federal
funds rate, a new target rate will be chosen. Clearly,
there is feedback between the state of the economy 
and the policy variable. The practical reality of state-
dependent policy choices makes it most likely that the
conditions underlying the indicator approach violate
criteria 4 and 5.

Another class of models seeks a simple rule f o r
describing the central bank’s behavior. Simple rules 
provide a convenient or even compelling way for 
policy analysts to explain complex economic activity 
to policymakers, but they are unlikely to adequately cap-
t u re the intricate dynamics taking place in the actual
e c o n o m y. Consequently, the assumptions embedded in
these rules are often questionable. The assumption of 
a NAIRU (nonaccelerating inflation rate of unemploy-
ment) relationship is an example. This rule states that
whenever the unemployment rate is below some thre s h-
old level, inflation will soon rise. If such a threshold 
level could be unambiguously determined and if such a
relationship were stable, the rule would provide an
appealing story to policymakers about the future path of
inflation. The threshold level of unemployment, however,
cannot, in fact, be measured. It is often estimated with
large errors (Staiger, Stock, and Watson 1997). The 
estimation is fragile because this rule ignores the effects
of other important factors (such as monetary policy
itself) on the path of inflation and employment (Chang
1997; Espinosa and Russell 1997). Consequently, this
rule provides neither a forecast of macroeconomic vari-
ables other than inflation nor a forecast of inflation
under a different policy option, so it does not meet cri-
teria 3 and 5.
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Another example of simple rules is the Taylor rule.
In its often-used version the Taylor rule states that the
federal funds rate changes in response to only two vari-
ables: the gap between current actual gross domestic
product (GDP) and potential GDP and the four- q u a r t e r
inflation rate. The attractiveness of this rule is its ability
to present a simple story involving only these two vari-
ables. Such simplicity, however, has serious weaknesses
of its own. Because potential GDP is an abstract concept
rather than something that can be measured, the move-
ment in the fed funds rate crucially depends on how
potential GDP is estimated. Like determining the
t h reshold of the unemployment rate in the NAIRU rule,
the estimation of potential GDP can be very impre -
cise and controversial. Furthermore, in estimating the
Taylor rule it is often assumed that movements in 
output and inflation are independent of those in 
the federal funds rate. This assumption itself disables
the rule from assessing the dynamic effects on output 
and inflation of changes in the federal funds rate 
(criteria 3 and 5).

In some research programs, the Taylor rule is used
as one of many relationships in a larger model. In such a
model, changes in the Taylor rule are examined and the
effects on macroeconomic variables of these changes are
analyzed. In essence, the changes arbitrarily alter the
way and the degree in which the fed funds rate re s p o n d s
to the GDP gap and inflation. These exercises are often
undertaken under the assumption that a change in the
Taylor rule does not affect the observed re l a t i o n s h i p s
among a set of macroeconomic variables in the actual
e c o n o m y. But this assumption is economically inco-
h e rent because, as Lucas (1976) has long argued, the
observed relationships among macroeconomic variables
will change with different policy rules. Because of the
Lucas critique, as this argument is dubbed in the eco-
nomic literature, these kinds of exercises examining
monetary policy effects do not meet criterion 4.

A third class of models comprises large-scale econo -
metric models designed to capture in detail the structure
of the real economy as completely and accurately as pos-
sible. Such a model often deals with a large number of
industries and sectors of the economy and may involve
h u n d reds of equations and variables. The main objective
of most large-scale models is not simply to provide fore-
casts of multiple key macroeconomic variables. Rather,
it is to provide detailed stories about the economy and 

to assess the impacts of different kinds of shocks at a 
d i s a g g regate level unavailable in smaller models.
Policymakers would like to be informed about the details
of the state of the real economy. They may want to know,
for instance, what happens to the durable goods sector,
what the outlook is for the labor market in the service
s e c t o r, or what the impact is on the U.S. economy of the
Asian financial crisis.

Large-scale models, however, also come with costs.
They are often difficult to reproduce and evaluate 
independently (criterion 1). Because modifying so large 
a model can be quite costly, judgmental adjustments are
called in periodically to address new, unanticipated
information (criterion 2).
F u r t h e r m o re, given a
short span of historical
data observed in the
actual economy, it  
is impossible to have
p recise estimation of
h u n d reds and thou-
sands of equations and
variables in a single
framework. Thus, the
large-scale model is
often broken into sepa-
rate parts by imposing
strong assumptions.
Many of these assump-
tions have been criti-
cized by Sims (1980) as “incredible” because they are
imposed not from the viewpoint of having a re a s o n a b l e
approximation of the economy as a whole but from the
separate, partial consideration of keeping various parts
of the model manageable (criterion 3). These draw-
backs are likely to compromise the modeler’s original
aim of re p resenting the detailed structure of the economy
as completely and accurately as possible.

Dynamic Multivariate Modeling

In this and subsequent sections, the discussion turns
to another class of models—dynamic multivariate
models—and explains their advantages in light of

the five criteria set forth in the introduction.1 The term
dynamic connotes the idea that economic variables
influence one another through variable lags over 
time. For example, a change in the interest rate today

For models to be usable
for evaluating monetary
policy effects, modelers
must recognize that 
fluctuations or shocks 
in the actual economy 
are often driven by 
developments beyond the
central bank’s control.

1. Dynamic multivariate models are frequently referred to as vector autoregressive (VAR) models in the economic literature. A
sample of the work includes Bernanke (1986), Blanchard and Watson (1986), Sims (1986), Bernanke and Blinder (1992),
Gali (1992), Gordon and Leeper (1994), Strongin (1995), Pagan and Robertson (1995), Cochrane (1996), Leeper, Sims, and
Zha (1996), Cushman and Zha (1997), Bernanke, Gertler, and Watson (1997), Christiano, Eichenbaum, and Evans (forth-
coming), Bernanke and Mihov (1998), and Robertson and Tallman (1999a, 1999b).
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will affect inflation over the next few years. The term 
m u l t i v a r i a t e implies a single framework in which mul-
tiple economic variables are considered. Thus, a dynamic
multivariate model is a single framework that uses 
multiple equations to incorporate the dynamic re l a t i o n-
ships among multiple economic variables.

Dynamic multivariate modeling offers an approach
to policy analysis that is different from those discussed
in the previous section. It is designed to address a small
set of recurring questions that constitutes the core of
policymakers’ concerns. Policymakers need to know, on
a regular basis, how the future paths of key macroeco-
nomic variables such as output, inflation, and the u n e m-
ployment rate will change if the policy instrument— i n
this case the federal funds rate—follows different paths
in the future. The main advantage of dynamic multivari-
ate modeling is to focus on this set of questions by 
evaluating, as accurately as possible, the quantitative
effects of policy actions on key macroeconomic variables
under different policy scenarios. To this end, a system
of multiple equations in a dynamic multivariate model 
avoids postulating a simple but unrealistic rule of mone-
tary policy. Such a system approach explicitly re c o g n i z e s
the intertwined, complex relationships between a policy
variable like the interest rate and other key macroeco-
nomic variables such as inflation and the unemployment
rate (Leeper, Sims, and Zha 1996). At the same time, the
dynamic multivariate model typically selects only a small
set of key macroeconomic variables to avoid unre a s o n-
able assumptions in the model’s estimation. In other
words, dynamic multivariate modeling is designed to
c a p t u re the joint, complicated behavior of the central
bank and the private sector in one single framework
without imposing too many strong assumptions a n d
without sacrificing its connection to modern economic
theories (Leeper and Sims 1994; Sims 1996; D i e b o l d
1998; Cooley and Quadrini 1998a, 1998b). In the discussion
b e l o w, the Leeper-Zha model for the U.S. economy i l l u s-
trates how a dynamic multivariate model is designed to
meet the first four of the five criteria listed in the intro-
duction section.

Baseline Forecast. When a dynamic multivariate
model is constructed, a minimum set of restrictions
needs to be imposed. These restrictions include the
choice of variables, the length of time over which vari-
ables are allowed to interact with one another, and
some mathematical assumptions that make the model
tractable (criterion 1). As a starting point, the model
avoids further restrictions such as particular economic
views on the exact interactions between monetary policy
and the private sector. Because these economic views
are not present, such a model is called in technical 
parlance a reduced-form model. The re d u c e d - f o r m
model is designed to allow the data, not the modeler, to
determine the complicated dynamic interactions among

the economic variables. Thus, the model is designed to
fit to the data (criterion 3).

A baseline forecast, sometimes referred to as a
reduced-form forecast, is produced from a reduced-form
model. Once the model is specified, the baseline fore c a s t
is updated upon the arrival of new information without
ad hoc adjustments (criterion 2). Often, the forecasting
performance is measured by the difference between the
baseline forecast and the actual outcome over time. The
performance thus measured has sometimes been com-
pared with other forecasts, and evidence has shown that
it has been comparable. (Litterman 1986; McNees 1986;
Meyer 1998; Zha 1998; Robertson and Tallman 1999a).

The reduced-form Leeper-Zha model is a dynamic,
six-variable monthly model consisting of a system of six
equations. Besides an index of commodity prices, the
variables include the key macroeconomic variables pol -
icymakers are most concerned about: the federal funds
rate, the M2 stock, the consumer price index (CPI),
real (inflation-adjusted) GDP, and the unemployment
rate. The six equations, as a system, allow policy vari-
ables such as the federal funds rate to interact with
other macroeconomic variables such as output and the
CPI, both within a month and through variable lags 
(criterion 3). Because of the complicated dynamics
inherent among actual macroeconomic variables, this
dynamic and multiple-equation feature of the model is
critical for allowing the variables to interact with one
another contemporaneously and over time without ad
hoc periodic adjustments (criterion 2).

The movements in these macroeconomic variables
tend to be very persistent over time. Thus, when mod-
eled in one framework, the past values of the variables
often have strong predictive power in forecasting future
values. As a result of this feature of persistence, the
Leeper-Zha model has consistently produced baseline
forecasts of these key macroeconomic variables over the
past twenty years that are comparable to other forec a s t s .
The fact that the model is small-scale and explicit makes
it transparent enough to be reproduced, evaluated, and
improved over time (criterion 1).

Although it is tempting to add more variables to
such a small-scale model, the addition would have
costs. Either it is increasingly infeasible to obtain 
precise estimation with the model as it grows larger 
or one must impose ad hoc strong assumptions or make
judgmental adjustments to keep the size of the model
manageable. These costs are not trivial as they often
lead to conflicting economic stories and even misleading
policy analysis.

While it is true that the Federal Reserve has infor-
mation about hundreds and even thousands of variables
beyond the six key macroeconomic variables in the
Leeper-Zha model, the issue is not whether the Federal
Reserve has the data for a large number of variables.



Instead, the real issue is related to criterion 3. That is,
the issue is whether other variables (for example, the
number of orders for automobiles, workers’ wage com-
pensations, or the consumer confidence index) would
significantly help in modeling the interactions among
the variables the Federal Reserve is ultimately intere s t e d
in. No consistent evidence indicates that adding other
variables would help the model better fit those core
macroeconomic variables.

Identification of Monetary Policy. The fore g o i n g
subsection discusses the reduced-form Leeper- Z h a
model in light of criteria 1–3. The reduced-form model is
often used purely as a forecasting tool in the fore c a s t i n g
l i t e r a t u re, so the performance of baseline forecasts in
comparison with others has been a central focus. There
is a tendency, however, to overemphasize fore c a s t i n g
performance as a sole criterion in judging whether the
model can be used in evaluating monetary policy
actions. Doing so can be seriously misleading.

To understand this argument it is important to
note the distinction between a forecasting (re d u c e d -
form) model and a policy (structural) model, which 
has profound implications about the importance of an 
identification of monetary policy (criterion 4). The
reason that a forecasting model is regarded as a
reduced form rather than a structural form is that, as
argued before, it imposes no economic structure to
distinguish the central bank’s behavior from the re s t
of the economy. Thus, the scenario re p resented by a
baseline forecast is often not the one that intere s t s
policymakers. The baseline forecast serves as a basis
only in the technical sense that the modeler is able to
conveniently use it to produce a menu of alternative
scenarios in which policymakers may be intere s t e d .
At a minimum these alternative scenarios re q u i re
imposing restrictions on the interactions between
economic variables that allow extracting the central
b a n k ’s behavior from the data. These restrictions are
called identifying restrictions, and this process of
sorting out the central bank’s behavior from that of
the rest of the economy is, as explained earlier, called
identification of monetary policy. A model that is able
to identify monetary policy is called a structural
model or policy model. Clearly, the structural or policy
model imposes more restrictions than the re d u c e d -
form model.

Because the observed data are the outcome of
the dynamic, complex interplay between monetary
policy and the private sector, they themselves do not
distinguish the behavior of the Federal Reserve from
that of the rest of the economy. There f o re, in addition
to the minimum set of restrictions imbedded in the
reduced-form model, one must further impose 
a particular economic view on the model in order 
to identify monetary policy. Any set of identifying

restrictions used to reflect such a view can be con-
troversial because economists disagree on particular
views about how the actual economy works. Such dis-
sension largely stems from the complicated nature of
the economy, of which economists have limited
understanding and which no single model can encom-
pass. The fact that identifying restrictions can be
controversial, however, by no means implies that one
should abandon developing a formal (that is, model-
based) economic framework. Rather, it means that
when particular identifying restrictions are imposed,
the economic meanings behind these re s t r i c t i o n s
must be explained carefully and explicitly in the con-
text of a model.

The phrase “in the
context” is the quin-
tessence of cre d i b l e
identification because
without an explicit
model to serve as a
framework it would be
impossible to distin-
guish the Federal Re-
s e r v e ’s own behavior
from that of the rest of
the economy. And if
the Federal Reserve’s
behavior is not explic-
itly specified, there is
no way to evaluate the
quantitative effects of
d i f f e rent policy actions in a formal, transparent way
(criterion 1). In other words, an explicit model pro-
vides a context in which the effects of monetary policy
can be quantified and evaluated (Shapiro 1994).

Although a particular set of identifying re s t r i c-
tions may not be accepted universally, it should be
guided by economic theory and have reasonable eco-
nomic interpretations (criterion 4). A previous article
in this publication by Zha (1997) discusses this issue
in detail. Here, the meaning of criterion 4 is illustrated
in the context of the Leeper-Zha model.

Identification in the Leeper-Zha model is accom-
plished by specifying interactions among macroeco-
nomic variables in terms of several sectors. One of the
sectors is the money market. In that market, both the
demand for and supply of money determine the level
of the interest rate. When the demand for money
i n c reases, the interest rate is driven up. If the Federal
Reserve desires to keep the interest rate from rising,
it must supply more reserves, thereby causing an
i n c rease in broad money stock (here, M2). Thus, one
equation in the model, called the money demand
equation (MD), describes the behavior of money
demand, and one equation, called the monetary policy
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It is simply impossible 
to have a super model 
that encompasses every
aspect of the economy.
T h e re f o re, a modeler must
consciously choose the
kinds of questions a model
is designed to address.



equation (MP), describes how the Federal Reserve
supplies money to keep the interest rate at a certain
l e v e l :

M = 1R + 2P + 3y + 4 XM D + εM D ( M D )
( 1 )

R = 1M + 2 Pc m + 3 XM P + εM P ( M P ) .

In system (1), M stands for M2; R, for the federal
funds rate; P, the CPI; Pc m, the index of commodity
prices; y, real GDP;  XM D, a set of lagged variables in the
MD equation; and XM P , a set of lagged variables in 
the MP equation.2 Lagged variables are important in
helping predict the dynamic fluctuations of the
macroeconomic variables in the future. The values 
of the α parameters in the MD equation and the β
parameters in the MP equation, unlike those of the
variables, do not come from the data and thus must 
be estimated. The notation εM D denotes the money
demand shock, and εM P, the monetary policy shock.
The term s h o c k is used because it describes behavior
that cannot be predicted by the model, a point that
will be further discussed in the next section.

The two equations have reasonable economic
i n t e r p retations by standard economic theory: In the
MD equation in system (1), the demand for money
depends on income (which is approximated by re a l
GDP), the interest rate, and the price level. The MP
equation implies that the Federal Reserve can
change the interest rate by influencing the money
stock and by quickly responding to changes in the
index of commodity prices (which serve as a signal of
f u t u re inflation). Because of the delay in the re l e a s e
of the data on output and the price level, however,
the Federal Reserve cannot respond to changes in
these variables instantly (here, within a month). But
the Federal Reserve can respond to changes in the
lagged variables (XM P), which serve to predict the
c u r rent and future fluctuations of output and CPI.
Because M and R enter both equations in system (1),
the money stock (M) and the interest rate (R) are
determined by both the MD and MP equations simul-
t a n e o u s l y.

The successful identification of monetary policy
involves estimating all parameters jointly from the
data. This joint estimation and inferential conclu-
sions drawn from this estimation present a technical
c h a l l e n g e .3 Nonetheless, the joint feature of the
model as shown in system (1) is needed to re a l i s t i-
cally account for the simultaneous and dynamic
interactions among policy variables and other macro-
economic variables. This realistic account is an
important aspect of reasonableness in economic
i n t e r p retations (criterion 4). In the money market,
for instance, it is known that the money stock and the

i n t e rest rate influence each other simultaneously
through both demand and supply of money. The
results would be misleading if one assumes away this
simultaneous interaction without having confirma-
tion by empirical estimates of the parameters 1 a n d

1 in system (1). If, for example, 1 is assumed to be
zero but the empirical estimate of 1 turns out to b e
significantly different from zero, the monetary policy
equation would be misspecified by the zero 1
a s s u m p t i o n .

A Menu of Policy Projections 
under Alternative Scenarios

The preceding sections discuss the re d u c e d - f o r m
L e e p e r-Zha model according to criteria 1–3 and
the structural Leeper-Zha model according to cri-

terion 4. This section offers an intuitive explanation of
how such a structural model can be used to produce a
menu of policy projections under alternative policy
options. The discussion addresses criterion 5, that is, the
m o d e l ’s ability to provide alternative forecasts under 
d i f f e rent policy scenarios. It is this ability that marks
structural dynamic multivariate models as promising
and rich tools in evaluating the effects of monetary policy
in an economically coherent way (without violating the
Lucas critique).

To demonstrate how the structural Leeper- Z h a
model—the policy model—can be used to provide alter-
native forecasts under different policy options, the dis-
cussion begins with technical notions of the terms
e n d o g e n o u s and e x o g e n o u s. The part that can be pre-
dicted by the model—for example, the terms with the α
and β parameters in system (1)—is endogenous to the
model; the part that cannot be predicted by the model is
exogenous to the model—for example, εM P and εM D—
and thus is often approximated by a stochastic (random)
process. Because of this random feature, εM P is called a
monetary policy shock and εM D a money demand shock.
C l e a r l y, the shock εM P makes sense only in the context of
a specific model. What can be predicted by one model
may not be consistent with what another predicts. W h a t
is a random shock to a particular model may not be
r a n d o m or exogenous to other models or from the per-
spective of particular policymakers.4

In the context of the Leeper-Zha model, a menu of
policy options and their corresponding effects can be pro-
duced by combining the baseline forecast and exogenous
shocks. The baseline forecast is a projection under the
assumption that there is no shock in the economy (that is,
εM P = εM D = 0). This scenario seldom occurs because
t h e re will always be shocks in the future. A projection that
deviates from the baseline reflects a scenario in which the
effect of monetary policy is different from what the base-
line implies. Such a projection there f o re combines the
baseline with a hypothetical path of exogenous shocks.
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also be simulated through the model, with the value of
this new forecast denoted by

_
Pc m ,

_
P,

_
y,

_
R, a n d

_
M.

G r a p h i c a l l y, the two red lines in Chart 2 move to the two
thin black lines, the intersection of which gives 

_
R and

_
M.

Chart 2 shows that the model can be used to advise pol-
icymakers about not only the level of the interest rate,
(

_
R), they need to target to achieve the price level, 

_
P, but

also the forecast of other macroeconomic variables.

Charts 1 and 2 depict the MP and MD equations in
system (1) on the R and M plane. These two charts pro-
vide examples of two simple scenarios in which alterna-
tive policy projections are simulated with the policy
model. In both charts the horizontal axis re p resents the
money stock, M, and the vertical one re p resents the
i n t e rest rate, R. In Chart 1, the two thick red lines re p-
resent the baseline situation in which P̂cm, P̂, ŷ, R̂, and
M̂ re p resent the baseline forecast and XM P and XM D a re
the data that have been observed. The thick red MP line,
as indicated in system (1), depends on P̂cm, XM P, and εM P
(whose value here is zero). Similarly, the thick red MD
line depends on P̂, ŷ, XM D, and εM D (whose value is also
zero). These two red lines intersect at R̂ a n d M̂ as an
equilibrium outcome. The forecast variables P̂cm, P̂, ŷ,
a n d M̂ re p resent the effect of monetary policy consistent
with the funds rate, R̂. If, for example, policymakers w a n t
to explore the effect on the macroeconomic variables of
lowering the funds rate to the level of R*, one can use the
model to compute how much an exogenous shift in mon-
etary policy is re q u i red to achieve this target. If the com-
puted value of such a shift is ε*

M P, one can calculate 
a new forecast, denoted as, P*

c m , y*, R*, and M*.
C o n s e q u e n t l y, the two red lines move to the positions of
the two thin black lines. Thus, the new forecasts, P*

cm
(commodity prices index), P* (the general price level),
y* (GDP), and M* (M2), different from the baseline, re p-
resent the effect of this new policy choice of keeping the
federal funds rate at R*.

Chart 2 presents a more complicated situation.
Suppose that the Federal Reserve has information about
a liquidity problem in the banking system. Furthermore ,
suppose that this information is not captured by the pre-
dictable (endogenous) part of the model but can be
approximated by the random (exogenous) part in the
money demand equation. If the value of this exogenous
MD shock is ε̃M D, the model’s forecast will deviate from
the baseline. This deviated forecast is denoted by P̃cm , P̃,
ỹ, R̃, and M̃. The two thick red lines in Chart 2 re p re s e n t
the MP and MD equations in this situation. Policymakers
may also be concerned about the inflation rate implied
by the price level, P̃, and want to bring the inflation rate
down. If 

_
P re p resents the price level consistent with the

inflation level desired by the policymakers, the model
can then be used to calculate the corresponding mone-
tary policy shock, the value of which is denoted by 

_
εM P.

The new forecast of other macroeconomic variables can
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2. All variables except for the interest rate and the unemployment rate are logarithmic.
3 . See Waggoner and Zha (1999) for details.
4 . This simple point is not only common across all disciplines in economics but also valid in other social sciences. As novelist

Tony Hillerman has amusingly but poignantly observed, “From where we stand, the rain seems random. If we could stand
somewhere else, we would see the order in it” (quoted in Robert 1994).
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_
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_
M

MP (
_
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_
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The charts are used for illustration only. The use of
the identified dynamic multivariate model for actual
policy projections is far more complicated because it
involves not only the dynamic paths of macroeconomic
variables under a particular policy option but also the
uncertainty around these paths into the future .
Nonetheless, Charts 1 and 2 illustrate a point that is cen-
tral to the approach proposed in Leeper and Zha (1999).
The point is that exogenous shocks, such as the MD and
MP shocks, are relevant only in connection to the base-
line forecast. In other words, the dynamic patterns of
exogenous shocks and the baseline forecast constitute
an integrated process for quantifying different fore c a s t s
of key macroeconomic variables if the federal funds rate
follows alternative paths. Such a menu of various policy
projections is at the heart of the use of dynamic multi-
variate modeling for advising policymakers.

Model Impro v e m e n t

The discussion in this section focuses on what has
been learned from the dynamic multivariate
model and in what directions the current dynamic

multivariate modeling can be improved. The dynamic
multivariate model offers a tool for decomposing the
model into endogenous and exogenous elements. This
decomposition is vitally important for simulating policy
projections in an economically coherent way (criterion 5),
meaning that the values of parameters (such as ’s and

’s) do not vary with exogenous shifts in monetary 
p o l i c y. This invariance is the essence of the Lucas 
critique, which cautions the use of an empirical model 
if the values of parameters in such a model change 
with policy shifts. Although discussion of the Lucas 
critique is beyond the scope of this article, it is important
to note that the critique is a subtle concept, and the
previous use of dynamic multivariate models has been
problematic in this re g a r d .5

It is also important to point out that the separation
of what is endogenous and what is exogenous is a conve-
nient byproduct of the model, which offers a particular
way to help modelers examine and understand the 
e c o n o m y. Any model, whether it is the dynamic multi-
variate model discussed above or another kind, is only
an imperfect abstraction of the complex real economy.
D i f f e rent economists or modelers may have differe n t
specifications of the Federal Reserve’s behavior and the
behavior of the private sector, and what is exogenous 
to one modeler may not be to others. The comparison 
of exogenous components across different models, as
some recent literature has attempted (for example,
Rudebusch 1998), misses this fundamental point. The
key insight gained so far leads to a need to combine, not
separate, endogenous and exogenous movements. It is
this combination that provides a way for modelers to
produce projections of policy effects under alternative

scenarios. Perhaps there are other economically cohere n t
ways of making similar projections. Ultimately it is the
accuracy of such projections that matters to policymakers
in their policy decisions. While the model must make
both economic and mathematical sense, the goal of
model improvement should aim at raising the accuracy
of policy projections.

Broadly speaking, the current dynamic multivariate
approach can be improved in two directions. First, the
d y n a m i c multivariate model could be more closely con-
nected to modern economic theories as called for by
Ingram and Whiteman (1994), Leeper and Sims (1994),
Sims (1996), and Diebold (1998). The dynamic multi-
variate model would then be able to offer more detailed
economic interpretations or stories for policymakers.
Currently, however, the conceptual and technical diffi-
culties associated with such a connection in a multiple-
equation framework are overwhelming.6 Finding a
particular way of connecting theory to the dynamic multi-
variate model that improves, not impairs, the fore c a s t i n g
accuracy will be a long and incremental process.

In the other direction, the empirical features in 
a class of current dynamic multivariate models could
be further refined. The current dynamic multivariate
approach often maintains the assumption that the
s t r u c t u re of the economy is linear and that the Federal
R e s e r v e ’s behavior remains more or less stable across
time. In technical terms these features are called 
linearity and time-invariance. Researchers have 
realized the need to relax these features by allowing
some kind of nonlinearity and time-variation in the
dynamic multivariate model (Sims 1993), but the 
challenge is to determine what kind of nonlinearity 
and time-variation would improve current dynamic
multivariate models. Most current time-variation and
nonlinearity literature has focused exclusively on uni-
variate cases rather than the multivariate framework
that is crucial for policy analysis. Furthermore, these
works maintain the strong assumption that the 
real economy evolves in sudden, exogenous, and dis-
ruptive ways. Empirical evidence has not supported
such an assumption (Sims 1993; Zha 1998). In fact, 
the evidence in the economic literature has shown
l i t t l e advantage, if not much disadvantage, of nonlin-
ear and time-varying multivariate models (Sims 1993;
Uhlig 1997).

The issue here is not whether the economy
evolves in a nonlinear and time-varying way because
clearly it does. The real issue is how to depict these
characteristics in ways that would best characterize
the economy and whether researchers have the tools
to handle nonlinear, time-varying multivariate models.
If introduced inappropriately, nonlinearity and time-
variation in a model could deliver a worse fore c a s t
than linear multivariate models.
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monetary policy and the rest of the economy (Duguay
and Poloz 1994). How good a model is depends on par-
ticular criteria. There f o re, modelers must specify a set of
criteria in constructing a particular model.

This article assesses the usability of a dynamic
multivariate model for policy evaluation on the basis of
five specific criteria. In summary, (1) the model’s small
scale enables the modeler to understand the specific
dimensions along which the model can be improved;
(2) the single framework enables the model to update
the forecast without ad hoc periodic judgmental adjust-
ments; (3) the dynam-
i c , m u l t i p l e -e q u a t i o n
n a t u re of the model
enables it to provide a
reliable forecast of mul-
tiple key macroeconom-
ic variables; (4) the
identifying re s t r i c t i o n s
imposed on the model
enable the modeler to
infer the central bank’s
behavior from the data;
and (5) a menu of pol-
icy projections under
alternative scenarios
produced from the
model provides useful
guidance for preemptive monetary policy.

With these five criteria in mind, this article uses the
example of the Leeper-Zha model to address a set of
recurring practical questions regularly asked by policy-
makers. These questions concern projecting multiple k e y
macroeconomic variables under alternative policy sce-
narios at the time when the policy decision has to be
made. The discussion focuses on the two conceptual
issues that are central to answering these questions: the
baseline forecast in reduced-form models and identifica-
tion in structural-form models. The article explains the
distinction between forecasting (reduced-form) and pol-
icy (structural) models. The use of a baseline fore c a s t
serves only as a convenient technical tool for computing
a menu of policy projections under alternative scenarios.
The important message is that an assemblage, not a sep-
aration, of baseline forecast and identified policy shifts
provides economically coherent ways of evaluating the
effects of monetary policy.

A recent study by Harding and Pagan (1998)
offers an illuminating example. Harding and Pagan use
d i f f e rent kinds of nonlinear and time-varying models
in the existing literature to characterize the business
cycles of the real economy. What they find is that the
simple linear model (the unit-root model in technical
terms) dominates all other seemingly sophisticated
models in describing the pattern of business cycles in
both the United States and other developed countries.
The point, already made, is not that nonlinear and
time-varying models are inferior but that introducing 
a kind of nonlinearity and time variation that can 
better approximate the real economy is not nearly so
straightforward as it may seem.

C l e a r l y, developing model improvements to
e n s u re more accurate results is challenging. Since 
the economy changes gradually in degrees that are
unknown to researchers, determining how to connect
the dynamic multivariate model to economic theory or
to introduce some kind of nonlinearity and time vari-
ation in the dynamic multivariate model re q u i res all
the more deliberate and careful effort. Meanwhile,
researchers and policy analysts have learned that 
the linear and time-invariant dynamic multivariate
framework provides a reasonable approximation to the 
economy in comparison with other existing types of
models. The assumption of linearity and time invari-
ance allows researchers to overcome some technical 
hurdles otherwise associated with dynamic multivariate
models and to gain a deeper understanding of both 
the strengths and limitations of these kinds of models
(Sims and Zha 1998; Waggoner and Zha 1998, 1999).
Such understanding is a necessary step in exploring
the feasibility and capacity for improving the dynamic
multivariate model or perhaps even replacing it with a
viable alternative.

C o n c l u s i o n

Because of limited knowledge about how the actual,
complex economy operates, policymakers depend
on models for understanding the workings of the

e c o n o m y. For models to be usable for evaluating mone-
tary policy effects, modelers must recognize that fluctu-
ations or shocks in the actual economy are often driven
by developments beyond the central bank’s control.
T h e re are no simple rules, and neither is there a single
model that re p resents the exact interactions between
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5 . See Leeper and Zha (1999) for detailed discussion.
6 . See, for example, Leeper and Sims (1994) and Waggoner and Zha (1998, 1999).

There are no simple 
rules, and neither is 
t h e re a single model 
that represents the 
exact interactions 
between monetary 
policy and the rest 
of the economy.
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Fully Funded Social Se cur ity:
Now You See It,
Now You Don’ t ?
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Mexico’s social security system is of special inter-
est to economists in the United States. Part of the rea-
son for this interest, of course, is that Mexico is a
neighboring country with which the United States has a
close social, political, and economic relationship. The
primary reason, however, is that the government of
Mexico has recently implemented a social security
reform program that is broadly similar to the social
security reform programs advocated by many U.S. econ-
omists and policymakers.

Social security systems can be implemented in a
number of different ways. These differences can have
important effects on macroeconomic variables such as
national saving, interest rates, investment, and growth.
One particularly key distinction between different types
of social security systems is the distinction between
“pay-as-you-go” systems and “fully funded” systems. The
principal goals of this article are to describe the basic
differences between these two types of social security
system, to indicate why these differences are important,
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detailed description of Mexico’s old and new social
security systems. This article confines itself to (1) pre-
senting a general discussion of the characteristics of
pay-as-you-go versus fully funded social security sys-
tems and (2) identifying the issues involved in deter-
mining whether Mexico’s new social security system is
fully funded.

P a y - A s - You-Go Systems

Pay-as-you-go social security systems also come 
in two basic types. The simpler type is one 
in which the government social security 

agency—in the United States, the Social Security
Administration—collects taxes from workers and 
u s e s them to make di-
rect payments, s o m e-
times called transfers,
to retired people. In
this article, a system
of this type is referred
to as a tax/transfer
system.

In an alternative
type of pay-as-you-go
social security sys-
tem, the government
social security agency
uses workers’ contri-
butions to purchase
financial assets. Ty p i -
c a l l y, these assets are
bonds issued by a government budget agency, such as
the U.S. Treasury Department, although they may also
include private bonds or stocks (see below). For the
moment, however, it is simplest to assume that the
assets consist exclusively of government bonds. In
this case, the government budget agency uses the pro-
ceeds of the sale of new bonds to pay off pre v i o u s l y
issued bonds. These bond-financed repayments con-
stitute the social security benefits of current re t i re e s :
the social security system bought the maturing bonds
using their past contributions. The principal and
i n t e rest on the currently issued bonds will constitute
the social security benefits of future re t i rees. The gov-
ernment budget agency will pay these bond returns by
issuing new bonds to the social security agency, the
agency will buy them using the contributions of future
workers, and so on. In this article, a pay-as-you-go 

Social security systems
can be implemented in 
a number of different
w ays. These diff eren ces
can have important 
effects on macroe con o m i c
variab les such as national
sa v ing, int e rest rates ,
investment, and growth.

and to explain, using Mexico as an example, why it may
be surprisingly difficult to determine which type of sys-
tem a country actually has.

In any social security system, current workers pay
taxes that are called their contributions to the system
and re t i red workers receive payments, called their ben-
efits, from the system. Under a pay-as-you-go system,
the contributions of current workers are used, dire c t l y
or indire c t l y, to pay benefits to current re t i rees. Under
a fully funded system, in contrast, the contributions of
c u r rent workers are not used to pay current benefits.
Instead, these contributions are used to purchase
assets, and the returns on these assets—that is, their
principal and intere s t — a re used to pay the future
social security benefits of the workers who made the
contributions. Thus, under a fully funded system there
is a sense in which re t i red workers have financed their
own benefits while under a pay-as-you-go system the
benefits of re t i red workers are financed by curre n t
w o r k e r s .

Although it is fairly easy to explain the theoretical
difference between the two kinds of social security sys-
tems, as a practical matter it may not be so easy to
determine which type of system a particular country
has. The current situation in Mexico provides an inter-
esting and instructive example of this practical prob-
lem. According to the Mexican government, one of the
principal goals of its social security reform program is to
convert the country’s pay-as-you-go social security sys-
tem into a fully funded system. As this article will
explain, however, there may be some room for doubt
that Mexico’s new social security system is or ever will
be fully funded. Instead, the new system may be a pay-
as-you-go system of a somewhat different type. While a
switch of this type may have some economic benefits,
these benefits are likely to be considerably smaller than
the ones produced by a genuine switch to a fully funded
social security system.

It is important to note that Mexico is reforming its
social security system in a number of different ways,
many of which are not directly relevant to the question
of whether the new system is fully funded. Some aspects
of the reform program may re p resent significant
improvements over the old social security system and
may produce substantial benefits for the Mexican pub-
lic, even if the new system does not turn out to be fully
funded. A companion article scheduled for publication
in the next issue of this Economic Review presents a

1. Social security systems may also make payments to people who are not retired, such as workers who become disabled or
dependents of deceased workers.

2. Sargent (1998) points out that the U.S. social security system was established at a time when academic economists believed
excessive saving and overaccumulation of capital were a significant problem. In his view, this belief played a role in build-
ing support for the system.
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system of this type will be re f e r red to as a bond/tax-or-
transfer system.3

In a bond/tax-or-transfer system, if the social secu-
rity agency wishes to pay benefits that are larger than
the bond repayments, then it will have to ask the gov-
ernment budget agency for funds it can use to make
supplemental transfers to retirees. The budget agency
obtains these funds by selling more new bonds each
year than it needs to obtain the funds necessary to pay
off its maturing bonds. If the social security agency
plans to pay benefits that are smaller than the bond
returns, then it can ask the government to levy taxes on
retired people that are equal to the difference between

the bond returns and
the desired benefits.
The budget agency can
use this tax revenue to
reduce the quantity of
new bonds it needs to
issue to finance current
social security benefits.

T h e re is no funda-
mental difference be-
tween tax/transfer and
b o n d / t a x - o r- t r a n s f e r
s y s t e m s .4 Under a tax/
transfer system, the
government social secu-
rity agency collects
contributions, in the

form of taxes, from workers while they are working. It
gives these contributions to re t i red people as their 
benefits. The agency also promises workers transfer
benefits when they re t i re. It will get these benefits by
taxing future workers, and so on. Under a bond/tax-or-
transfer system, the social security agency also collects
contributions from workers while they are working. It
uses the contributions to buy newly issued bonds from
the budget agency. However, the budget agency will use
the contributions to pay off the bonds it sold to the
social security agency a generation ago—when the cur-
rently re t i red workers were still working—and the
social security agency will use these dollars to pay
these workers’ current social security benefits. Thus,
c u r rent social security contributions end up in the
hands of current re t i rees as benefits, just as under the
tax/transfer system. Similarly, although workers will
receive future social security benefits that are based,
for accounting purposes, on the returns on bonds that
the social security agency purchased with their contri-
butions, these returns will actually be financed by the
sale of new bonds to the agency. The funds to purchase
these bonds will be provided by the social security con-
tributions of young people who will be working when
older workers are re t i red. In a practical sense, the

older workers’ benefits will come from the contribu-
tions of these young workers.

To understand the equivalence between these two
different varieties of a pay-as-you-go system, it is impor-
tant to remember that a government bond is simply a
promise by the government to make a payment in the
future. A government promise to make a payment to pay
off a bond is not fundamentally different from a govern-
ment promise to make a payment for social security
benefits. If the government requires workers to buy
bonds and promises them future payments to retire the
bonds, then it is not doing anything essentially different
from requiring them to pay taxes and promising them a
future transfer payment.

As indicated above, the government of Mexico
recently began implementing a social security reform
program that it describes as involving a switch from 
a pay-as-you-go system to a fully funded system. This
article argues that it is quite possible that the reform
program represents a change of a much less substan-
tive sort: a switch from a pay-as-you-go system of the
tax/transfer type to a pay-as-you-go system of the bond/
tax-or-transfer type.

Distinguishing Pay-As-You-Go from Fully
Funded Systems

One source of confusion in distinguishing pay-as-
you-go systems from fully funded systems is the
fact that it is possible, under either system, for

social security contributions to be used to purchase
financial assets that include government bonds. As the
previous section explained, under a pay-as-you-go sys-
tem of the bond/tax-or-transfer type the social security
contributions are used to purchase financial assets, and
the assets in question may be government bonds. Under
a fully funded system the social security contributions
are always used to purchase financial assets; again,
these assets may be government bonds.

When both types of systems purchase government
bonds, the important distinction between them involves
the question of why the government bonds are being
issued—that is, what the proceeds of the bond sales are
being used for. Under a pay-as-you-go system, when the
social security system uses the contributions of current
workers to purchase newly issued government bonds,
the government uses the proceeds of the bond sales to
pay off old bonds that were issued to finance social
security payments to past workers. The existence of the
social security system provides the only reason for the
government to issue the new bonds, and it also pro-
v i ded the only reason the government needed to issue
the old bonds.

Under a fully funded system, in contrast, the gov-
ernment bonds that the social security system pur-
c h a ses were issued for some other purpose—for instance,

Fully funded social security
systems are profoundly 
diff e rent from pay-as-you-go
systems, and a successful
t r a n s ition to a fully fu n d e d
s y s tem might have very 
sig nificant long -run macro-
economic benefits for a
national economy.
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to finance a current government project or to roll over
bonds originally issued to finance a past project. The
government does not use the proceeds of these bond
sales to retire bonds that were issued to pay social secu-
rity benefits, and the bonds would have been issued
even in the absence of a social security system.

Why is the question of how the government uses
the bonds it sells to the social security system so impor-
tant? As the introduction notes, the key feature that dis-
tinguishes a pay-as-you-go system from a fully funded
system is the source of the funds used to pay benefits to
retired workers: do these funds come from current
workers, or do they come from the returns on the retired
workers’ assets? If the funds used to pay benefits to
retired workers are obtained by selling bonds to current
workers, then it is clear that the current workers are
the source of the retired workers’ benefits. In this case,
the system is not fully funded: the retired workers have
not financed their own benefits, and current workers
will not have to increase their saving to finance their
future benefits (see below).

Defined Contributions versus Defined Benefits

A nother important feature that distinguishes some
social security systems from others is the nature
of the relationship between the size of a worker’s

current social security contributions and the size of the
same worker’s future social security benefits. Under a
defined contributions system, a worker’s social security
contributions are used to purchase assets, and the size
of the worker’s benefits depends on the rate of return on
those assets. If the rate of return on the assets turns out
to be high, then the worker will receive relatively large
retirement benefits, and vice versa.5 Under a defined
benefits system, in contrast, the social security benefits
paid to a retired worker are determined by a fixed for-
mula that involves factors like total contributions to the
system, total number of years worked, salary during the
last few years before retirement, age at retirement, and
so on. Workers’ social security contributions may be
used to purchase assets or to finance direct transfers to
retirees, but in either case the workers’ retirement ben-
efits do not depend on the returns on any assets.

C u r re n t l y, the United States has a defined bene-
fits system. Before its recent social security re f o r m ,

Mexico also had a defined benefits system. Mexico’s
new system features defined contributions. From the
point of view of workers, the attraction of a defined
benefits system is that it reduces the amount of
uncertainty about the value of their future benefits.
On the other hand, a defined benefits system pro-
duces considerable uncertainty for the government,
which usually finances the future benefits out of re v-
enue from taxes or assets whose value depends on
f u t u re economic conditions. If the promised benefits
turn out to be larger than the amount of re v e n u e ,
then the government has to obtain supplementary
financing by borrowing or by increasing taxes.

In the  United
States, Mexico, and
many other countries,
demographic changes
are producing a rapid
increase in the fraction
of the population that
consists of re t i re d
workers. As a re s u l t ,
the value of the social
security contributions
from young workers is
growing more slowly
than the value of the
defined benefits due
old workers. This situa-
tion has produced seri-
ous financial stresses. It is a big part of the reason that
many countries have switched or are considering
switching to defined contributions systems.

Historically, pay-as-you-go social security systems
have usually featured defined benefits, and fully funded
systems have usually featured defined contributions.
Other combinations are possible, however. Under a pay-
as-you-go system with defined contributions, the bene-
fits associated with a worker’s current contributions
could be indexed to the value of the future revenue pro-
duced by a fixed social security tax rate, allowing
the level of benefits to vary with the economy’s demo-
graphic evolution and growth performance. Under a
fully funded system with defined benefits, the govern-
ment could specify workers’ future benefits and cover

Under a fully fu nded 
sys tem there is a 
se nse in which retired 
workers have financed 
their own be n efits whil e
under a pay-as-you-go 
system the be nefits of
ret i red workers are
financed by cu rrent 
workers.

3. The U.S. social security system includes a social security trust fund that holds U.S. Treasury bonds. However, most social secu-
rity contributions are used more or less immediately to finance social security benefits. The social security trust fund acts as
a buffer to help smooth out temporary differences between total current contributions and total current benefits. If current
contributions are larger than current benefits, then the surplus contributions are used to purchase bonds. In the opposite
case, some of the bonds are sold in order to provide a supplementary source of funds for the benefits.

4. This point is made briefly in Auerbach and Kotlikoff (1998, 161–62) and more completely in Murphy and Welch (1998).
5. In many cases, workers are not allowed to withdraw the entire value of their assets as a lump sum. Instead, the funds must

be used to buy an annuity. In some cases, workers are allowed to withdraw their funds according to a schedule that permits
them to withdraw a fixed amount each year over a fixed number of years.
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any asset-returns shortfall via taxes or borrowing.
Moreover, if the assets held by the system consist most-
ly of government debt, as in the case of Mexico, then
there should be little difference between defined con-
tributions and defined benefits. Presumably, the gov-
ernment’s promise to repay its debt is no more or less
reliable than its promise to pay future social security
benefits directly.6

Privatized Social Security Systems

A nother source of confusion about different types
of social security systems involves the concept of
a privatized social security system. The confu-

sion occurs because the term privatized can be used in
connection with several
d i f f e rent aspects of
social security systems.
Sometimes it refers to
who manages the sys-
tem, sometimes to the
relationship between a
worker’s current social
security contributions
and the same worker’s
f u t u re benefits, and
sometimes to the type
of assets held by the
social security system.

Management ver-
sus Financing. O n e
usage of privatized in

the context of social security refers to the degree of gov-
ernment involvement in managing the system. If a
social security system is extensively privatized in this
sense, then the system is managed mostly by private
firms, leaving a relatively limited role for the govern-
ment. Under a conventional or unprivatized system, on
the other hand, the government plays an exclusive or
leading role in managing the system.

A second usage of privatized involves the ultimate
source of the funds used to pay social security benefits.
As noted above, under a fully funded social security sys-
tem the social security benefits paid to a retired worker
are financed by the worker’s contributions made before
retirement. This situation is often summarized by say-
ing that the worker’s benefits have been financed pri-
vately. Under a pay-as-you-go system, on the other hand,
a worker’s benefits are ultimately financed by the con-
tributions of other workers, so they could be described
as having been financed publicly rather than privately.

When a government announces that it is planning
to privatize a social security system, people often
assume that the government is planning to switch from
a pay-as-you-go system to a fully funded system.
However, the government may simply intend to turn the

task of administering the system over to private firms. A
pay-as-you-go social security system can be adminis-
tered by the private sector or by the government; simi-
larly, a fully funded system can be administered by the
private sector or by the government.

To understand how a pay-as-you-go social security
system can be privately administered, imagine a
bond/tax-or-transfer system in which the government
allows private financial intermediaries to set up social
security accounts on behalf of workers. The intermedi-
aries would purchase and sell bonds, make social secu-
rity benefit payments, and provide associated accounting
services. Workers might be allowed to choose which
private intermediary would receive their funds and
pay their benefits. The intermediaries might have
considerable latitude about which government secu-
rities to buy, what sorts of accounting systems to
use, what handling fees to charge, and so forth. This
is the type of system that may have been established
in Mexico.

To see how a fully funded system can be govern-
ment administered, imagine a government social secu-
rity agency that maintained social security accounts on
behalf of active and retired workers. The agency would
decide which government or private securities to pur-
chase. It would handle all the accounting, and it would
pay all the benefits. The benefits, however, would be
funded entirely from the principal and interest on these
securities, and the securities would have been issued
for purposes unrelated to the needs of the social secu-
r ity system.

In order to avoid confusion, it might be better if the
term privatized were used only to describe fully funded
social security systems. It is difficult, however, for people
to think of a social security system that is mostly pri-
v a t ely administered as anything other than privatized,
even though the system may be of the pay-as-you-go type.

Asset Holdings. Finally, a social security system
might be described as privatized if the assets the system
purchases are privately issued—that is, if they consist
of corporate bonds or stock rather than government
bonds. As noted earlier, people tend to think of fully
funded systems as privatized and of pay-as-you-go sys-
tems as dominated by the government. Consequently,
they often assume that it is possible to distinguish
between pay-as-you-go systems and fully funded sys-
tems on the basis of whether the systems’ assets are
issued by the private sector or by the government. They
may also assume that the economic impact of a given
type of system depends on the type of assets it holds.

In reality, a pay-as-you-go social security system
may hold privately issued or government-issued assets,
and the same is true for a fully funded system. In addi-
tion, the economic impact of a social security system
may not depend on the type of assets it holds. It is pos-

Ac c ording to the Mexica n
g o v e rnment, one of 
the principal goals of its 
social secur ity reform 
program is to conv e rt the
country’s pay-as-you-go
social sec urity system into 
a fully funded system.
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sible, for example, for a fully funded system that holds
privately issued assets to have the same economic
impact as a fully funded system that holds only govern-
ment debt. Moreover, a system that holds privately
issued assets and appears fully funded to casual
observers may have exactly the same economic impact
as a pay-as-you-go system.

Macroeconomic Implications

One of the principal goals of this article is to ana-
lyze the economic implications of alternative
types of social security systems. To accomplish

this goal, it is important to consider both the asset port-
folio held by the social security system on behalf of cur-
rent and past contributors and the overall asset
portfolio of the public and the government.

Portfolio Substitution and Its Implications.
Consider, for example, the case of a pay-as-you-go sys-
tem of the bond/tax-or-transfer type that is being estab-
lished in an economy that did not previously have a
social security system. In Case A, the social security sys-
tem holds only government bonds. In Case B, the system
is allowed to hold private bonds and for the most part
chooses to do so. (As a result, it may be mistaken for a
fully funded system.)

Suppose that in both cases the government initi-
ates the new system by issuing bonds to finance the
social security payments made to current or near-future
retirees. In Case A, these bonds will be purchased by the
social security system. In Case B, on the other hand, the
social security system does not purchase many govern-
ment bonds. Does this mean that the government will
be unable to market its initial bond issue so that the
new social security system will collapse as it begins?
Does it mean that the government will be able to sell its
bonds only by offering very high interest rates that will
drive up other market rates and have adverse repercus-
sions across the economy?

Probably not. Consider Case A. Although the new
social security system is likely to reduce the amount of
private saving (as seen below), there probably will still
be a significant amount of private saving. Much of this
private saving is likely to take the form of purchases of
private bonds. In Case B, there will also be substantial
private saving, but many of the private bonds that work-
ers would have liked to purchase will be purchased by
the social security system. This situation will cause a
decrease in the supply of private bonds. But since gov-
ernment bonds and private bonds are likely to be good
substitutes, active workers who would have saved by
buying private bonds (Case A) will now save by buying

government bonds (Case B). Thus, the government will
have no trouble selling its bonds at moderate interest
rates, even though the social security system may not be
buying them. Although the workers’ social security ben-
efits will now be based on the returns from private
bonds and their private retirement income will be based
on returns from government bonds, their total retire-
ment income will be unchanged. Moreover, the funds
the government uses to pay benefits to currently retired
workers will continue to come from currently active
workers, just as under any pay-as-you-go system.

Similarly, suppose (Case C) that a new social secu-
rity system is allowed to hold stocks and for the most
part chooses to do so. Stock portfolios have higher aver-
age returns than portfolios of government or private
bonds, but they are also riskier. Thus, in Case C the ben-
efits paid by the social security system will be higher, on
average, than the benefits paid by the system in Case A,
but their value will also be riskier. (This discussion
assumes that the system features defined contribu-
tions.) Returning again to Case A, in which the social
security system purchases only government bonds, the
private saving that occurs outside the social security
system is likely to include a substantial quantity of
stocks. Workers will purchase these stocks because they
like the high average returns and are willing to accept
the increased risk, up to a point.

In Case C, however, workers will get high average
returns from the social security system but also high
risk. They are likely to want less risk in their private
saving, and they are likely to be willing to accept lower
returns in order to obtain lower risk. As a result, they
will reduce their private stock purchases by the amount
of stock the social security system purchases on their
behalf. They will replace these stocks with safer gov-
ernment bonds. Thus, neither the total amount of
retirement-income risk the workers will be accepting
nor the total amount of income they will receive when
they retire will be different from that in Case A. Again,
the government will be able to sell its bonds at moder-
ate interest rates even though the social security system
will not be buying them. Again, the funds used to pay
current social security benefits ultimately come from
currently active workers.

Under a pay-as-you-go bond/tax-or-transfer system
that features defined benefits, on the other hand, a
social security reform program under which the system
switches from holding bonds to holding stocks may have
significant economic effects. Before the reform, the
market presumably determined stock prices and return
rates in a way that ensured that all the stock issued by

6. This discussion assumes that the social security system has the option of purchasing government bonds that are indexed
against inflation. The new Mexican social security system has large holdings of indexed government bonds.
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firms would be purchased by active workers as part of
their private saving. When these workers re a c h e d
retirement age, they would end up with relatively high
retirement income if the stocks performed well but rel-
atively low income if the stocks performed badly. After
the reform, however, the social security system will be
purchasing stocks. The market will have to adjust stock
and bond prices and return rates in a way that induces
young workers to increase their purchases of less risky
assets (government or private bonds) even though their
social security retirement income is not risky. If the rate
of return on the stocks turns out to be relatively low,
then the government may have to supplement the stock
returns by increasing taxes on the active workers. If the

return rate on the
stocks turns out to be
relatively high, then the
government  may be
able to reduce taxes.
The upshot i s that
allowing the social
security system to hold
stocks shifts risk from
workers’  re t i re m e n t
years to the years when
they are still working.
Retired workers receive
income that is much
more predictable than
it otherwise would have
been, but some genera-

tions of active workers end up paying relatively high
taxes while others end up paying relatively low taxes.

Saving and Interest Rates. As the introduction
indicated, the principal reason that the distinction
between pay-as-you-go social security systems and fully
funded systems is potentially important is that the two
d i f f e rent types of systems may have very differe n t
effects on saving, interest rates, and related macroeco-
nomic variables. Perhaps the easiest way to see how and
why the macroeconomic effects of the two systems dif-
fer is by conducting the “thought experiment” of start-
ing with an economy that has no social security system
and then introducing such a system. The effects of
introducing a pay-as-you-go social security system will
turn out to be very different from the effects of intro-
ducing a fully funded system.7

In the economy without a social security system,
people will have to save substantial amounts while they
are working in order to provide funds to support them-
selves after they retire. Under a social security system,
regardless of which type, by contrast, active workers
will be paying taxes they would not be paying otherwise.
They also know they will have substantial retirement
income even if they do not save large amounts. As a

result, they are likely to reduce their current saving in
order to try to restore their current consumption to its
original level.

The reduction in current saving by workers (cur-
rent private saving) will reduce the availability of cred-
it in the economy. Under a pay-as-you-go system,
moreover, the government will use the social security
tax revenue to pay social security benefits (directly or
indirectly, as discussed above), so it will not be able to
use this revenue to reduce its borrowing. As a result,
there will be no change in the amount of credit the
economy requires. In terms of conventional supply-
demand analysis, the credit supply curve will shift to
the left along an unchanged credit demand curve. As a
result, the equilibrium quantities of saving and credit
will fall and the equilibrium interest rate will rise. Thus,
a basic prediction of social security theory is that estab-
lishing a pay-as-you-go system should cause the amount
of saving in an economy to fall and the interest rate in
the economy to rise.

Next, imagine introducing a fully funded social
security system into an economy that has not had a
social security system. Under a fully funded system, the
combination of current social security taxes and
expected future social security benefits again leads to
a decrease in saving by workers, reducing the availabil-
ity of credit. In this case, however, the government does
not use the social security tax revenue to pay curre n t
social security benefits; instead, it uses the revenue to
re t i re existing government bonds. The re t i rement of
these bonds will reduce the government’s debt service
payments in the future, creating surplus funds that it
can use to pay future social security benefits without
b o r r o w i n g .

In terms of supply-demand analysis, under the fully
funded system the leftward shift in the private supply of
credit is accompanied by a leftward shift in government
demand for credit of roughly equal size. As a result,
there should be no significant change in interest rates.
Private saving has decreased, but since government dis-
saving (borrowing) has decreased by a roughly equal
amount, there should be no significant change in total
saving in the economy.

Thus, a second basic prediction of social security
theory is that establishing a fully funded social security
system should have little or no effect on the economy.
Stated differe n t l y, an economy with a fully funded social
security system is not much different from an economy
with no social security system.8 It follows that switching
from a pay-as-you-go social security system to a fully
funded system has roughly the same economic impact as
eliminating a pay-as-you-go system without replacing it.
C o n s e q u e n t l y, switching from a pay-as-you-go system to
a fully funded system should cause the total amount of
saving to rise, producing a decline in the interest rate.9

T h e re may be some ro o m
for doubt that Mexico’s 
new social security system
is or ever will be fully funded.
Instead, the new system
may be a pay-as-you-go
system of a somewhat 
different type.



7. The discussion of the macroeconomic effects of social security systems will assume that workers’ economic decisions are not
very strongly influenced by altruistic feelings toward their ancestors or descendants. Most economists believe this assump-
tion is appropriate, at least as a first approximation. Broadly speaking, the presence of intergenerational altruism tends to
reduce the difference between the macroeconomic effects of pay-as-you-go versus fully funded systems.

8. Making this statement ignores a number of possible microeconomic effects of the establishment of social security systems—
in particular, the tendency of many systems to redistribute income toward low-income people by giving them relatively gen-
erous benefits. It also ignores the possibility that some people are shortsighted and will not save economically rational
amounts unless a social security system forces them to do so. Both these considerations have figured prominently in prac-
tical discussions of social security reform in the United States, Mexico, and elsewhere.

9.This point has been emphasized by Kotlikoff (1998), among many others.
10.One of the first economists to recognize the possibility of dynamic inefficiency was Samuelson (1958).
11. Abel and others (1989) make the case that the United States and a number of other developed economies are dynamically

efficient.
12. Cooley and Soares (1999) discuss the possibility that a pay-as-you-go social security system may represent the outcome of

a democratic political process in which different groups support policies that reflect their own economic interests.
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Public Welfare. An important follow-up question is
whether an increase in the amount of saving is good or
bad for the economy. Since the principal role of saving
in an economy is to finance the acquisition of physical
capital, this question becomes the question of whether
the economy would be better off trying to maintain a
larger stock of capital. According to economic theory,
the answer to this question depends on whether the
long-run return rate on capital is higher or lower than
the long-run growth rate of the economy—in the jargon
of economic theorists, whether the economy is dynami-
cally efficient or dynamically inefficient.10 If the rate of
return on capital is relatively high, so that the economy
is dynamically efficient, then capital is productive at
the margin. The next units of capital acquired via sav-
ing will produce additional goods in the future whose
value exceeds the amount of future saving and invest-
ment that will be required to maintain them. In this
case, an increase in the amount of saving makes the
economy better off in the long run, and vice versa.
Consequently, switching from a pay-as-you-go system to
a fully funded system would make the economy better
off in the long run.

In the opposite case, where the rate of return on
capital is relatively low, so that the economy is dynam-
ically inefficient, the last units of capital are unpro-
ductive at the margin. The amount of saving and
inv e s tment necessary to maintain these units of capital
is larger than the amount of additional goods they will
produce. As a result, the economy could actually con-
sume more each year by saving less and reducing both
its annual investment and its capital stock. In this case,
switching from a pay-as-you-go system to a fully funded
system would make the economy worse off in the long
run because the amount of saving would rise and the
degree of dynamic inefficiency would increase.

Although there is some debate about the issue, most
economists believe that most modern economies, cer-
tainly the U.S. economy and presumably the Mexican
e c o n o m y, are dynamically efficient.1 1 As a result, most

economists believe that switching to fully funded social
security systems would make these economies better off
in the long run. It seems likely that this belief is a large
and perhaps dominant part of the reason the Mexican
government would like to switch to a fully funded system.

Transition Problems

Unfortunately for the Mexican government, and
for other governments interested in engineering
this kind of switch, the price of achieving the

long-run gain from switching systems may be consider-
able pain in the short run. For the reasons just out-
lined, switching to a fully funded social security system
is arguably likely to benefit workers born in the re l a-
tively distant future. However, it is almost certain to
hurt many current workers, active or re t i red, and it
may also hurt workers who are born or who re t i re in the
near future .

The biggest problem in managing the transition
from a pay-as-you-go system to a fully funded system is
how to finance the benefits that were due under the old
system to workers who have already retired or who will
retire in the near future. Under the old pay-as-you-go
system, these benefits were to have been financed out of
the social security contributions of current workers.
Under the new fully funded system, however, current
social security contributions must be used to purchase
assets, and the sellers of these assets must use the
funds for some sort of investment rather than transfer-
ring them to current retired workers. Consequently, an
immediate switch to a fully funded system would
deprive current and near-future retirees of their social
security benefits, leaving many of them with little or no
re t i rement income. Since current and near- f u t u re
retirees are also current voters, it is likely that the gov-
ernment of a democratic or quasidemocratic country
would face serious political opposition to trying to carry
out such a switch. In the words of Thomas Sargent, “it is
easier to vote an unfunded social retirement system in
than to vote one out”(1998, 306).12
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An alternative method for executing an immedi-
ate switch to a fully funded system would be to
finance the social security benefits due current and
n e a r- f u t u re re t i rees by some combination of incre a s e d
taxes and cuts in government expenditure s — i n -
cluding, possibly, reductions in the generosity of the
social security benefits. Again, however, policies of
this sort would impose a large financial burden on
c u r rent workers and other groups of potential voters.
In Mexico’s case, more o v e r, a financing policy of this
sort seems doubly unlikely because the government is
trying to reform its social security system in the after-
math of an economic crisis that has sharply re d u c e d
workers’ incomes and living standards.

The transit ion
strategies that seem
most likely to be politi-
cally feasible would
involve spreading the
burden of financing the
social security benefits
due current and near-
future retirees across a
number of future gen-
erations of workers.
Under a strategy of this
type, the Mexican gov-
ernment would start by
issuing long-term bonds
in order to obtain the
funds necessary to pay

social security benefits to current and near- f u t u re
retirees. When these bonds mature, the current workers
will be retired, and they will have been replaced by a
new generation of workers. At this point, the govern-
ment would increase the taxes on current workers in
order to obtain the funds needed to retire some of the
bonds. The remainder of the bonds would be rolled over.
When the second round of bonds matured, the govern-
ment would use the same supplementary tax revenue—
now collected from a second new generation of
workers—to retire some additional bonds; it would roll
over the rest, and so on. Eventually, there would be no
bonds left to roll over, so the original debt would be fully
retired. The government would have completed the
transition from a pay-as-you-go social security system to
a fully funded system.

It is now possible to pose the key question that pro-
vided the motivation for writing this article. How can an
analyst observing the actions of a government that is
implementing a social security reform program—a pro-
gram which, according to the government, will convert
the country’s social security system from pay-as-you-go
to fully funded—determine whether the government is
really switching to a fully funded social security system

as opposed to simply changing the form of the pay-as-
you-go system?

As the discussion presented earlier in this section
indicates, a central question in trying to determine the
nature of a social security reform program is how the
establishment of the program affects the government’s
overall budget deficit. If a government that is trying to
switch to a fully funded social security system manages
to pay the current social security benefits without
increasing its budget deficit, then it may have financed
these benefits via tax increases, spending cuts, or some
combination of the two. In this case, it may have suc-
ceeded in engineering an immediate transition. On the
other hand, if the government deficit rises by an amount
equal to the total cost of paying the current social secu-
rity benefits, then the government has pre s u m a b l y
financed these benefits by additional borrowing, which
means it has not yet taken any firm steps toward a suc-
cessful transition. In the intermediate case, in which the
government deficit increases by an amount that is small-
er than the cost of the current social security benefits,
the size of the step taken toward a successful transition
can be measured by the fraction of the current benefits
that is not covered by an increase in the deficit. 1 3

Suppose that the fraction of the current social
security benefits that the government is able to finance
by spending cuts or tax increases is relatively small. In
this case, how is it possible to tell whether there is like-
ly to be a genuine transition to a fully funded system?
The answer, it turns out, is “not very easily.” The basic
reason for the uncertainty is that the actions the gov-
ernment must take at the beginning of the transition
process—the only actions our imaginary analyst can
observe—are exactly the same in both cases: it must
issue bonds to obtain the funds needed to pay most of
the social security payments due current and near-
future retirees. The government actions that will distin-
guish a transition to a fully funded system from a
transition to a pay-as-you-go bond/tax-or-transfer sys-
tem will occur in the future, not today. If the govern-
ment is really switching to a fully funded system, then
over the next few generations it will have to collect
enough additional revenue, via new taxes or cuts in
spending, to retire the aforementioned bonds. But if it is
simply switching to a pay-as-you-go system of the
b o n d / t a x - o r-transfer type, then it will not have to
reduce its future budget deficits because it will roll the
bonds over indefinitely without retiring any of them.14

Although a switch of the latter sort may have few or
no economic effects, it creates the appearance of
reform in two different ways. First, since switching to a
bond-based system could (but does not necessarily)
represent the first step in a transition to a fully funded
system, this switch allows the government to claim that
it has begun the transition process. Second, the switch

Some aspects of Mexico’s
reform program may repre-
sent si gnificant impro v e m ent s
over the old social security
system and may produc e
s u b s tantial be n efits for the
Mexican public even if the
new system does not turn
out to be fully funded.
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to a bond-based system allows the government to priva-
tize a number of aspects of the administration of the
social security system. This step may have some bene-
fits in its own right, and many people are likely to mis-
interpret it as representing more effectual reform.

Conclusion

Governments of countries around the world,
including Mexico and the United States, have
implemented or are considering implementing

social security reform programs. In virtually every case,
one of the principal goals of the reform program is to
convert a pay-as-you-go social security system into a
fully funded system.

Fully funded social security systems are profoundly
different from pay-as-you-go systems, and a successful
transition to a fully funded system might have very sig-
nificant long-run macroeconomic benefits for a national
economy. However, it is not always easy to determine
whether a country has a pay-as-you-go system or a fully
funded system, and it may be even more difficult to
determine whether a country is likely to succeed in
switching from one type of system to the other. The eco-
nomic circumstances of most of the countries that are
conducting or contemplating social security reforms
will force them to proceed with these reforms in a very
gradual way. Many of the steps a country might take in

order to begin a gradual transition to a fully funded
social security system are identical to steps it might
take if it is merely changing the form of its pay-as-
you-go system—a change whose long-run macroeco-
nomic benefits may not be very significant. And since
the actions needed to push the transition process for-
ward may have substantial political costs, governments
have a potential incentive to claim that they intend to
make the switch even when they have no such inten-
tion. Even if the government genuinely intends and
expects a transition to take place, carrying out the tran-
sition will re q u i re cooperation from future govern-
ments, and these governments will also have powerful
incentives not to take the steps needed. Finally, even if
the public believes that a successful transition will
occur, the fact that the transition is likely to be quite
gradual means that the changes in their current behavior
resulting from this belief may not be large enough to be
identified with any confidence.

The bottom line is that information that is curre n t l y
available, or that will become available in the near
future, may give very little indication as to whether
Mexico or other countries attempting gradual reforms
are likely to succeed in replacing their pay-as-you-go
social security systems with fully funded systems. The
information needed to make this judgment is likely to
be revealed very slowly over time.

13. In practice, unfortunately, making judgments like this can be quite challenging. Interpreting government budget statistics
is often very difficult, and the budget of the social security system is often reported separately from the rest of the govern-
ment budget.

14. The government will have to pay the interest on the bonds, but it can do so without increasing its social security tax collections.
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This article adds to the limited existing research
on the effects of bank mergers by analyzing consolida-
tions between 1989 and 1996, a period of almost unpre-
cedented banking consolidation involving acquisitions
impossible in earlier times. Consistent with previous
studies, the findings suggest that the various expected
performance and earnings benefits of mergers may not
in fact be realized.

Earlier Studies

Evidence supporting consolidation to achieve cost
savings and operational efficiencies is sparse.
Pilloff and Santomero (1997) review the re s e a r c h

evidence and claims for efficiency gains, concluding
that there is little empirical evidence of mergers achiev-
ing efficiency gains or other important performance or
wealth-improving gains. Their findings undermine a
major rationale for consolidation and in doing so raise
questions about other benefits mergers may provide to
the public and about alternative motivations such as
g a i n i n g market power and their effects on the public.
Almost all the evidence in the Pilloff and Santomero
study is based on data from the 1980s. The 1990s have
seen many more mergers of much larger and more geo-
graphically widespread banks, and evidence from this
decade provides a larger group of mergers to study.

T
H E PA S T F E W Y E A R S H AV E S E E N A S U R G E I N B A N K I N G M E R G E R S. IN M O R E T H A N 3,844 M E R G-

E R S A N D A C Q U I S I T I O N S B E T W E E N 1989 A N D 1999, A C Q U I R I N G I N S T I T U T I O N S P U R C H A S E D M O R E

T H A N $3 T R I L L I O N I N A S S E T S (S E E TA B L E 1). A N U M B E R O F R E A S O N S H AV E B E E N A D VA N C E D

F O R S U C H A C Q U I S I T I O N S, I N C L U D I N G T H E N E E D T O C O N S O L I D AT E T O A C H I E V E C O S T S AV I N G S

A N D O P E R AT I O N A L E F F I C I E N C I E S, T O B E B E T T E R A B L E T O C O M P E T E I N T H E G L O B A L M A R K E T P L A C E, O R T O

P R O V I D E F O R T H E C O N T R O L L E D E X I T O F I N E F F I C I E N T F I R M S F R O M T H E F I N A N C I A L S E RV I C E S I N D U S T RY.
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A recent empirical study by Pilloff (1996) covers
only the first two years of this decade, but it hints at 
the motivations for mergers in the 1990s. Pilloff builds
upon the work of Cornett and Tehranian (1992), who
use data on thirty acquisitions from 1982 to 1987. Those
authors examine balance-sheet and stock market data
on mergers involving publicly traded banking organiza-
tions and find some evidence of superior postmerger
performance. Cash flows on assets increased, resulting
from the merged institution’s enhanced ability to
attract loans. Evidence also shows increased employee
productivity and asset growth. Cornett and Tehranian
examine accounting information for evidence of perfor-
mance improvements resulting from large banking
organization mergers and compare the findings with
earnings expectations for such acquisitions using stock
market data and standard event study methodology.

Pilloff (1996) studies forty-eight deals, again bet-
ween publicly traded banking firms or their subsid-
iaries, over the 1982–91 period. He concludes that,
while profitability appears to be unchanged, interpreta-
tion of the efficiency effects is less clear. The ratio of
postmerger expenses to assets increases but so does
return on equity, reflecting the fact that both revenues
and leverage increase to offset the increase in expenses.
The implication is that operating efficiency decreases
slightly, despite the fact that returns to shareholders
rose. Finally, there is some evidence of a slight increase
in the resultant bank’s loan-to-asset ratio.

Cross-sectional analysis of the merging banks’ char-
acteristics implies that differences in the premerger 
characteristics of the acquiring and acquired firms do not
affect the resultant firm’s postmerger performance, but
the premerger characteristics of the acquiring firm do
affect postmerger performance. Specifically, acquisitions
by less-efficient firms are more likely to result in efficiency
gains as measured by expense variables. Acquisitions by
larger acquirers and of relatively larger targets are more
likely to be associated with reduced expenses but not 
necessarily with lower total costs. Finally, despite the
claims of acquirers, greater overlap of the merging banks’
markets does not seem to be associated with better 
performance. This result brings into question the often-
claimed expected benefit that the ability to reduce mar-
keting departments or eliminate redundant offices would
result in improved efficiency or profitability.

In terms of the equity market’s view of these acqui-
sitions, Pilloff’s evidence suggests that the market, on
average, does not expect improved profit performance.
However, his cross-sectional regressions reveal that
improved performance is more likely to be expected in
cases involving high premerger expense ratios, espe-
cially when the acquired firm has a higher expense ratio
than the acquiring firm and the merger partners have a
high degree of market overlap.

More recently, Banerjee and Cooperman (1998)
use event study methodology to investigate returns to
targets and acquirers, using data on a sample of thirty
acquiring and sixty-two target banking organizations
with assets greater than $100 million between the 
years 1990 and 1995. The methodology presumes that
equity investors are well informed about the average
impact of mergers on profit expectations and about 
the characteristics of the specific merger partners that
may affect the results of their particular deal. They 
c o m p a re econometrically the stock market performance
of the merging banks’ shares with the average control
performance during several periods leading up to the
merger. These periods are called event windows and
begin from one to fifty
days before the merger
was announced and
extend through the
actual announcement
d a y. The differences 
between the merging
banks’ predicted and
actual share perfor-
mance compared with
that of a control sample
of nonmerging banks
during the event win-
dows are called abnor-
mal returns.

Banerjee and Coo-
perman find a signifi-
cantly negative abnormal cumulative return of 1.3 per-
cent in a one-day window, [–1, 0], for the acquiring
firms, and a huge and significantly positive abnormal
return—13.11 percent—for target firms over this same
period. They also find significant cumulative abnormal
returns for the target for every event window from [–50, 0]
to [–1, 0], and an 11.3 percent abnormal return on the
day following the merger announcement. Acquiring
firms’ returns were slightly less negative and marginally
statistically significant on the day of the merger and the
day following. The authors then specify four hypotheses to
explain these abnormal returns and the motives for
mergers. These are an efficiency hypothesis, a capital-
quality hypothesis, a risk-reduction hypothesis, and a
profitability hypothesis. Their efficiency hypothesis sug-
gests, ceteris paribus, that when the target firms are rel-
atively less efficient than the acquirers, the merger will
offer the combined firms greater opportunity to realize
increased profitability through efficiency gains, thus
generating higher abnormal returns. Their capital-
quality hypothesis suggests that acquirers with higher
capital ratios will experience greater abnormal returns.
To explain the relative distribution of abnormal returns
between target and acquirer, the authors suggest that

With the breakdown of
McFadden Act barriers 
to interstate mergers,
many more potential 
acquisitions became 
legally and practically 
feasible than under the
regional compact regime 
in place during the late
1980s and early 1990s.



Table 2 summarizes the key features of the sample
on a year-by-year basis. The mean asset size of acquirers
over the period is $32 billion while the mean target is $5
billion. These sizes are substantially larger than the
mean acquirer size of $5 billion and mean target size of
$3 billion in Pilloff’s sample. However, the relative size
of the target in the current sample, 16 percent, is smaller
than the relative target size in Pilloff’s sample, which
was 26 percent.2

Performance Changes. To investigate the perfor-
mance effects of mergers, consolidated pre- and post-
merger ratios of profitability, operating efficiency, and
portfolio composition are compared. For bank holding
companies all comparisons are on a consolidated entity
basis, and for bank acquirers the comparisons are on a
bank basis. As a benchmark and to abstract from industry-
wide effects, each performance ratio was calculated 
on an industry-adjusted basis. Following Pilloff, the
change-in-performance ratio, X(j), is the difference
between the pro forma industry-adjusted measure for
the institutions involved in the merger, Xpre, and the
postmerger industry-adjusted measure, Xpost. For each
institution, Xpre is calculated as the difference between
the average of the eight quarters prior to the merger
less the average for a peer group of institutions.
Similarly, Xpost is the average of the eight quarters after
the acquisition. To construct the peer or benchmark
industry comparison, Pilloff used all firms in excess of
$1 billion in assets and formed six geographic subre-
gions for the nation as a whole. Because of the extensive
changes in the geographic span of banking organiza-
tions during the 1990s as restrictions on inters t a t e
banking have been phased out, geographic controls are
now less meaningful than they were for Pilloff’s 
sample. This article does not report tests of merging
banks’ performance variables on the basis of geo-
graphic categories.

Table 3 compares the pro forma pre- and post-
merger performance and change in performance for the
sample. The pro forma merging institutions appear to
have higher earnings-to-asset ratios but a lower rate of
return on equity and higher noninterest expense than
the control firms. They are better capitalized and 
somewhat more efficient, having a lower ratio of
expenses to assets and a lower ratio of expenses to 
revenues; and they make more loans than their peers.
After the merger, the resulting institutions re m a i n
slightly better earners in terms of their rate of return on
assets but the income-to-equity ratio declines some-
what more. They also continue to have statistically 
significantly lower total expenses, higher noninterest
ex-pense, and less leverage; and they make more loans
than their peer institutions.3

However, looking at the change in the performance
measures, it is not clear that mergers result in signifi-
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targets with lower capital ratios relative to the acquirer
will have higher abnormal returns. The re m a i n i n g
hypotheses suggest that the less efficient, the more
profitable, and the less risky the target is relative to the
acquirer, the higher the abnormal returns to the target
will be. Using cross-section regressions to test these
hypotheses, they find some support for the efficiency
hypothesis, no support for the capital-quality hypothesis,
some support for the profitability hypotheses, and weak
support for the risk-reduction hypothesis.

Consolidation in the 1990s

This article presents evidence on efficiency gains
and other impacts of large bank mergers, mostly
in the 1990s. It replicates the analysis of Pilloff

(1996) and investigates market reactions to these
mergers. The principal difference between this article
and the others cited is that the sample of mergers is
both more current and larger. It consists of consolida-
tions among traded firms occurring in the period from
1989 to 1996.1 While the period includes three years’
overlap with the Pilloff study and six years’ overlap with
that of Banerjee and Cooperman, it does encompass
more recent acquisitions as well. Not only is this sample
of traded firms larger but it also includes a number of
consolidations among the largest banking organizations
in the country. Moreover, with passage of the Reigle-
Neal Act of 1994 and the resulting breakdown of the
McFadden Act barriers to interstate mergers, many more
potential acquisitions became legally and practically
feasible than under the regional compact regime in
place during the late 1980s and early 1990s.

Data. The data in this study include all mergers
between publicly traded firms occurring between 1989
and 1996. As in Pilloff ’s study, the following restrictions
are required of the sample: (1) both the acquired and
acquiring firms have daily return data available on the
Center for Research on Securities Prices (CRSP) files,
or their parent companies do; (2) the merger is the 
primary transaction for the acquired and acquiring
companies one year before and one year after the
announcement date; (3) for at least three months prior
to and thirty days after the acquisition, no other mergers
of either firms were announced; (4) neither firm was
encouraged by its primary banking regulator to seek a
merger partner; and (5) there must have been at least
eight quarters of pre- and postmerger performance data
available on the surviving acquirer. Information on
returns and the market index used to calculate the
abnormal returns comes from the daily CRSP files.
Company income and balance-sheet data are from the
Federal Reserve Y9 Bank Holding Company Report and
the Report of Condition and Report of Income and
Dividends. Finally, data on deal characteristics and timing
are from the SNL Securities database.
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cant performance improvements. Overall performance
may even deteriorate. Two of the three measures of
rate of return on equity decline significantly. Expense
efficiency is mixed, with the expenses-to-asset ratio
increasing somewhat relative to peer institutions,
while the expense-to-revenue ratio remains below that
of peer institutions. Finally, the ratio of premises to
assets is larger, and there is a marginally statistically
significant decrease in leverage while the loan-to-asset
ratio increases significantly.

These results are different from those found in
Pilloff’s earlier study. Pilloff finds an efficiency improve-
ment in terms of the ratio of expenses-to-revenue and
observes that postmerger leverage increases relative 
to the peer institutions whereas leverage decreases in 
the 1990s data. He observes only two of the six profit-
ability measures—both measures of the rate of return on
equity—to be significantly different after merger, and this
effect is the result of increased leverage, which increases
profitability.4 In addition, the combined pro forma banks
are less different from their peers in Pilloff’s study than in
this more recent sample. Pilloff also finds smaller loan-to-
asset ratio effects, albeit in the same direction, but the
change in the ratio is not statistically significant.

Postmerger performance may be influenced by the
premerger performance of either the acquirer or target
or the relative difference in acquirer and target firm
performance. For example, a strong acquirer may
believe that it has superior managerial capabilities and
thus look for poor performing targets to which its superior
management may be applied. Alternatively, a poorly
performing acquirer may seek a merger partner and use
the acquisition as the catalyst to overcome managerial
inertia and improve its operations.

To test the influence of a merger partner’s charac-
teristics, correlations between premerger characteristics
and changes in postmerger performance are examined
in Table 4. The greater the acquirer’s profitability, the
more negative the merger’s earnings impact is, and the
same is true for the target. There is some evidence of a
greater efficiency gain the larger the target’s expense
ratio is. However, the impact is somewhat offset when
the acquirer’s profits are large relative to the target.

The results are not supportive of positive earnings im-
pacts of mergers in general.

Pilloff also hypothesizes that performance changes
may be related to both size and the relative size of the
acquirer and target. Table 5 presents the correlations
between changes in performance measures and the 
target’s and acquirer’s initial size and their relative size.
Two of the changes in profitability are positively related
to acquirer size while only one of the target’s profit
characteristics is marginally positively significant. This
finding may suggest that the larger the acquirer is rela-
tive to the target, the more the change in profitability 
is likely to be positive. Expenses are more likely to
increase when the acquirer is large, as is the loan-to-
asset ratio. Only the target’s initial size is positively
related to the change in the resultant bank’s capital
position. Finally, the larger the relative size of the target
is, the more likely leverage is to be reduced and the
more likely the loan ratio is to decline.

Overall, the results do not suggest that the 1990s
mergers have resulted in either a positive earnings 
performance or greater efficiency. Only one of the
acquirer’s profitability ratios is positively related to its
size. Otherwise, larger acquirers are more likely to ex-
perience increases in the expense-to-assets ratio and an
increase in loans. Larger targets are more likely to be
associated with a reduction in leverage.

Market Responses to Megamergers. To see how
well and whether the market anticipates and prices any
of the acquisitions based on the initial characteristics 
of the targets or acquirers or whether the changes in
performance are anticipated and priced, a standard
event study (see Dodd and Warner 1983) is performed
similar to that of Pilloff. Several event windows are used
to calculate abnormal returns ranging in size from
twenty-one days, spanning days [t = –20, t = 0] to only
two days [t = –1, 0].

In estimating excess returns, a single-factor ordinary
least squares market model is used to provide firm-
specific adjustments for risk. The CRSP equally weighted
market index is used as the proxy for the market. The
parameters of the model are estimated over the period
from [t – 300] through [t – 30], where the event day of

1. Use of eight quarters of past merger data to evaluate postmerger performance effectively limits the study to mergers consum-
mated no later than year-end 1996.

2. In more than 55 percent of the acquisitions, the acquired firm was 20 percent the size of the acquiring firm or greater. In 20
percent of the cases, the acquired firm was less than 3 percent the size of the acquiring firm. This distribution suggests that
many of the acquisitions had the potential to meaningfully impact the performance of the resulting firm.

3. Since the time for Xpost starts right after the merger, the costs of the merger are also considered. While this may tend to hide
some of the longer-term cost or performance differences, estimates of those costs by equity market participants would be
expected to affect the resulting firm’s performance from the stockholders’ perspective as they value the acquiring firm in
the acquisition.

4. Only one of the changes in profitability measures (ROE3) was statistically significant whereas two of the change measures
in Table 3—ROE1 and ROE2—are marginally statistically significant at the 10 percent level.
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the merger or acquisition is defined as day [t = 0]. The
firm-specific, single-index model control return is of the
form R^j, t = 0 + 1 Rm, t, where R

^ is the control for bank j
during day t, Rm, t is the return on the CRSP equally
weighted index, and t is estimated model parameters.

Daily abnormal returns for a given bank j on day t
are defined as ARj, t = Rj, t – R

^

j, t ,where ARj, t is the abnor-
mal return for bank j on day t, and Rj, t is the realized
daily return for bank j on day t. Individual abnormal
returns ARj, t are then aggregated to form a portfolio of
daily abnormal returns:

(1)

where N is the number of firms in the portfolio for day t.
Cumulative abnormal returns are calculated as

(2)

where tb begins and tc ends the cumulating period.
The results are shown in Table 6 and indicate that

only the abnormal returns in the window [–1, 0] are
statistically significant and positive, amounting to a two-
d a y cumulative abnormal return of 0.77 percent. In con-
trast, Pilloff finds only a statistically significant
cumulative return for the much longer event window
[–10, 0], and that return is also larger, at 1.4 percent.
Overall, the more current sample has a narrower range
of plus and minus abnormal returns for event period
[–1, 0] than Pilloff’s sample, but it does have a larger
standard deviation.5

The question then arises whether the abnormal
returns are related to the premerger characteristics or
sizes of the merging firms or to the changes in their per-
formance ratios. Table 7 shows the correlations between
the initial merger partners’ ratios and sizes and the
abnormal returns for the [–1, 0] event window. Only

one each of the acquirer’s and target’s profitability mea-
sures are positive and significant. Moreover, the higher
the expense-to-assets ratio, the lower the abnormal
returns. The higher the core deposits ratio of the
acquirer, the more likely abnormal returns are to be
positive. Finally, only the target’s size and the relative
size of the acquirer to the target are positively related to
abnormal returns. Interestingly, in Table 8 none of the
abnormal returns were related to performance changes.

Conclusion

Using data from the 1990s to extend existing analy-
s i s of banking mergers, this article examines the
performance and value effects of banking organi-

zation acquisitions. Specifically, examining recent data
allows considering whether there is evidence of effi-
ciency or other gains from the wave of in-market and
market extension acquisitions flowing from the erosion
and final elimination of the McFadden Act.

Consistent with the results of earlier studies, the
efficiency and performance effects were mixed.
Evidence suggests that the better-performing institu-
tions tended to target the higher-performing targets,
but the resulting mergers did not significantly improve
profit performance or efficiency. There were marginal
declines in leverage and increases in loan portfolio com-
position. Moreover, the effects, except for portfolio allo-
cation, were even smaller than those found by Pilloff in
his study using data primarily from the 1980s. In addi-
tion, looking at the market’s reaction to proposed mergers,
there is only weak evidence that the market viewed
acquisitions with favor. It did, however, tend to be less
optimistic about the savings from mergers when
expense ratios were higher. The overall conclusion is
that the widely touted earnings, efficiency, and other
performance and earning benefits of megamergers still
remain in doubt.

    

CARt = ARt
tb

tc

∑ ,

    

ARt =
1
N

AR j, t
j =1

N

∑ ,

5. Direct comparison with Pilloff’s results are difficult because he uses a different method of computing abnormal returns.
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T A B L E  1   Banking Organization Mergers and Acquisitions, 1989–99

Bank Assets Bank Deposits
Years Number of Banks ($ Millions) ($ Millions)

1989 142 81,228 64,035

1990 170 36,392 31,031

1991 262 275,137 202,618

1992 319 104,800 90,315

1993 373 127,529 103,089

1994 444 99,981 79,740

1995 358 486,275 347,684

1996 364 188,727 155,399

1997 346 256,857 196,249

1998 406 1,086,872 656,882

1999a 81a 87,132 59,605

Total 3,844 3,210,785 2,279,563

a As of April 5, 1999

Source: Information on returns and the market index used to calculate the abnormal returns came from the daily CRSP
files. Company income and balance-sheet data are from the Federal Reserve Y9 Bank Holding Company Report and the
Report of Condition and Report of Income and Dividends. Data on deal characteristics, acquisition prices, and premium 
calculations are from the SNL Securities database.



Total Assets ($ Millions) at End of Quarter before Merger Date
Relative Size

Number Acquirer Target (Percent)a

of Mergers Mean Minimum Maximum Mean Minimum Maximum Mean

1989 4 18,867 5,730 48,048 1,016 273 2,308 9.2

1990 8 20,511 470 48,737 3,010 261 7,883 19.3

1991 7 22,478 384 76,884 10,672 314 65,639 24.7

1992 18 28,380 1,289 119,902 6,751 207 72,873 16.7

1993 16 32,254 511 141,966 2,509 95 16,626 10.0

1994 18 36,064 519 197,543 2,262 154 21,643 12.9

1995 9 23,671 283 83,803 5,855 204 33,122 22.3

1996 14 53,020 1,200 194,375 9,319 177 54,593 18.0

Full Sample 94 32,216 283 197,543 5,196 95 72,873 16.1

a Relative size equals target total assets divided by target plus acquirer total assets, with assets measured at the end of the quarter before the merger date.

Sources, Tables 2-8: Information on returns and the market index used to calculate the abnormal returns came from the daily CRSP files. Company income and balance-sheet data
are from the Federal Reserve Y9 Bank Holding Company Report and the Report of Condition and Report of Income and Dividends. Data on deal characteristics, acquisition prices,
and premium calculations are from the SNL Securities database.

T A B L E  2   Summary of Mergers in Sample
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T A B L E  4
Correlations of Performance Changes with Premerger Performance Variables

Performance Measure (X) Corr ( X, XR) Corr ( X, XRA) Corr ( X, XRT)

ROA1 = Net Income/Total Assets 0.342*** –0.226** –0.480***

ROA1 = Net Operating Income Plus
Provisions/Total Assets 0.315*** –0.234** –0.479***

ROA1 = Net Operating Income Less
Provisions/Total Assets 0.287*** –0.181* –0.450***

ROE1 = Net Income/Total Equity 0.363*** –0.252** –0.463***

ROE2 = Net Operating Income Plus
Provisions/Total Equity 0.344*** –0.307*** –0.494***

ROE3 = Net Operating Income Less
Provisions/Total Equity 0.057 –0.402*** –0.385***

EXPAST = Expenses/Total Assets 0.255** 0.135 –0.223**

EXPREV = Expenses/Revenue 0.342*** –0.149 –0.440***

SALAST = Salaries/Total Assets 0.315*** 0.284*** –0.096

PREMAST = Premises/Total Assets 0.168 0.169 –0.028

NNIXAST = Noninterest Expense/
Total Assets 0.201* 0.152 –0.098

EQAST = Equity/Total Assets 0.239** 0.146 –0.113

LOANAST = Loans/Total Assets 0.234** 0.085 –0.180*

CORAST = Core Deposits/Total Assets 0.261** –0.088 –0.254**

Note: The term X is the diff e rence between pre m e rger and postmerger perf o rmance. The term XR is the weighted dif f e re n c e
between acquirer and target pre m e rger perf o rmance. The term XR A is the weighted measure of acquirer pre m e rger per f or-
mance, and XRT is the weighted measure of target premerger performance. All performance measures control for size. The
notations *, **, *** indicate significance at the 10 percent, 5 percent, and 1 percent levels, respectively.
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T A B L E  5   Correlations of Performance Changes with Size

Performance Change ( X) Corr ( X, LNAAST) Corr ( X, LNTAST) Corr ( X, RELSIZE)

ROA1 0.156 0.117 –0.060

ROA2 0.218** 0.180* –0.048

ROA3 0.097 0.143 0.053

ROE1 0.139 0.057 –0.124

ROE2 0.186* 0.096 –0.124

ROE3 0.054 –0.011 –0.105

EXPAST 0.267*** 0.055 –0.188*

EXPREV –0.087 –0.158 –0.078

SALAST –0.116 –0.147 –0.034

PREMAST 0.148 0.072 –0.088

NNIXAST 0.009 –0.044 –0.074

EQAST 0.063 0.212** 0.243**

LOANAST 0.340*** 0.127 –0.250**

CORAST –0.074 –0.056 –0.022

Note: The term X is the difference between premerger and postmerger performance. The terms LNAAST and LNTAST are
the logs of acquirer’s and target’s total assets. Relative size equals target total assets divided by target plus acquirer total
assets. Total assets are measured at the end of the quarter before the merger date. All performance measures control for
size. The notations *, **, *** indicate significance at the 10 percent, 5 percent, and 1 percent levels, respectively.

T A B L E  6   Consolidated Abnormal Returns at Merger Announcement (Percent)

Event Window Mean Tenth Percentile Ninetieth Percentile Standard Deviation

[–1, 0] 0.77* –3.00 4.93 4.18

[–2, 0] 0.57 –3.60 4.73 4.08

[–5, 0] 0.56 –3.90 4.36 5.09

[–7, 0] 0.35 –4.60 4.50 5.25

[–10, 0] –0.01 –4.90 4.52 5.04

[–15, 0] 0.01 –5.90 5.09 5.53

[–20, 0] 0.28 –6.20 6.23 5.89

Note: Consolidated abnormal returns equal the cumulative weighted realized returns of acquirers and targets less the
cumulative weighted expected re t u rns of acquirers and targets during the event window, with the announcement date at 
day 0. Expected returns are calculated from a standard market model. The notation * indicates significance at the 10 
percent level.
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Performance Measure (X) Corr (CAR, XR) Corr (CAR, XRA) Corr (CAR, XRT)

ROA1 = Net Income/Total Assets –0.070 0.140 0.137

ROA2 = Net Operating Income Plus
Provisions/Total Assets –0.094 0.082 0.140

ROA3 = Net Operating Income Less
Provisions/Total Assets –0.212** 0.046 0.227**

ROE1 = Net Income/Total Equity –0.038 0.219** 0.122

ROE2 = Net Operating Income Plus
Provisions/Total Equity –0.062 0.139 0.130

ROE3 = Net Operating Income Less
Provisions/Total Equity –0.211** 0.110 0.271**

EXPAST = Expenses/Total Assets –0.139 –0.554*** –0.300***

EXPREV = Expenses/Revenue 0.109 –0.144 –0.192*

SALAST = Salaries/Total Assets 0.026 –0.023 –0.057

PREMAST = Premises/Total Assets 0.031 0.040 0.003

NNIXAST = Noninterest Expense/
Total Assets 0.038 –0.011 –0.057

EQAST = Equity/Total Assets –0.095 –0.050 0.056

LOANAST = Loans/Total Assets 0.044 0.188* 0.125

CORAST = Core Deposits/Total Assets 0.246** 0.257** 0.034

Premerger Variable (Z) Corr (CAR, Z)

LNAAST 0.116

LNTAST 0.232**

RELSIZE 0.194*

Note: The term CAR equals the cumulative weighted re t u rns of acquirers and targets less the cumulative weighted expected
re t u rns of acquirers and targets from one day before to the day of the merger announcement. Expected re t u rns are calculated
f rom a standard market model. The term XR is the weighted diff e rence between acquirer and target pre m e rger perf o rm a n c e .
The term XRA is the weighted measure of acquirer premerger performance, and XRT is the weighted measure of target pre-
merger performance. All performance measures control for size. The notations *, **, *** indicate significance at the 10
percent, 5 percent, and 1 percent levels, respectively.
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T A B L E  7
Correlations of Consolidated Abnormal Returns at
Merger Announcement with Premerger Variables
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T A B L E  8
Correlations of Consolidated Abnormal
Returns at Merger Announcement with

Performance Changes

Performance
Change ( X) Corr (CAR, X)

ROA1 –0.106

ROA2 –0.047

ROA3 –0.007

ROE1 –0.149

ROE2 –0.104

ROE3 –0.147

EXPAST –0.171

EXPREV –0.126

SALAST –0.032

PREMAST 0.001

NNIXAST –0.012

EQAST 0.131

LOANAST 0.082

CORAST 0.117

Note: The term CAR equals the cumulative weighted re t u rn s
of acquirers and targets less the cumulative weighted
expected re t u rns of acquirers and targets from one day
b e f o re to the day of the merger announcement. Expected
re t u rns are calculated from a standard market model. The
t e rm X is the diff e rence between pre m e rger and postmerg e r
p e rf o rmance. All perf o rmance measures control for size.
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