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The Role of Expectations
In the FRB/US Macroeconomic Model

Flint Brayton, Eileen Mauskopf, David Reifschneider, affect the economy today. Similarly, the FRB/US

Peter Tinsley, and John Williams, of the Board’s model can be used to examine the extent to which the
Division of Research and Statistics, prepared thisconsequences for inflation of a sharp increase in the
article. Brian Doyle and Steven Sumner providedprice of oil depend on the course of monetary policy
research assistance. anticipated by the public.

In the past year, the staff of the Board of Governors
of the Federal Reserve System began using a ne®XPECTATIONS INVIACROECONOMICMODELS
macroeconomic model of the U.S. economy, referred
to as the FRB/US model. This system of mathemati-Expectations play an important role in the economic
cal equations describing interactions among ecotheories that underpin most macroeconomic models.
nomic measures such as inflation, interest rates, ani@lanning for the future is a central part of economic
gross domestic product (GDP) is used in economidife. The need to make decisions about the type of car
forecasting and the analysis of macroeconomic polto buy, the amount of education to pursue, and the
icy issues at the Board. fraction of income to save forces households to think
The FRB/US model replaces the MPS model,about which choices make the most sense not just for
which, with periodic revisions, had been used at thetoday but for years into the future. Similarly, business
Federal Reserve Board since the early 197Q@%key  firms, in deciding where to locate factories and
feature of the new model is that expectations ofoffices, what equipment to install, and what products
future economic conditions are explicit in many of its to develop and produce, make decisions with conse-
equations. Because of the clear delineation of expeajuences that may last many years. Individuals must
tations, issues that would have been difficult ormake informed guesses about circumstances in the
impossible to study with the MPS model can now beyears ahead and then base decisions on these expec-
examined. For example, the new model can showations. The approach to expectations taken in the
how the anticipation of future events, such as aFRB/US model is best understood in the context of a
legislated reduction in future defense spending, maylebate that has engaged macroeconomists for the past
twenty-five years.

1. For further discussions of the FRB/US model, see Flint BraytonThe Debate about Expectatlons
and Peter Tinsley, “A Guide to FRB/US: A Macroeconomic Model

of the United States,” Finance and Economics Discussion SeriesEconomists have |0ng recognized that expectations
1996-42 (Board of Governors of the Federal Reserve System, 1996;

available on the Board's web site at http://www.bog.frb.fed.us/pubs/P12Y @ prominent role in economic decisionmaking
feds/); Sharon Kozicki, Dave Reifschneider, and Peter Tinsley, “Theand are a critical feature of macroeconomic models.

Behavior of Long-Term Interest Rates in the FRB/US Modédltie However they d|Sagree about the basis on which
Determinants of Long-Term Interest Rates and Exchange Rates and :

the Role of Expectation®ank for International Settlements Confer- individuals form expectations and thus at_)OUt th_e W?-y
ence Papers, vol. 2 (Basle: Bank for International Settlements, 19960 model them. For example, the conventional view is

pp. 215-51; and Flint Brayton, Andrew Levin, Ralph Tryon, and that current consumption spending depends partly on
John C. Williams, “The Evolution of Macro Models at the Federal h | Il t their fut
Reserve Board,"Carnegie—Rochester Conference Series on Public ow large or small consumers expec elr tuture

Palicy, forthcoming. The latter paper also discusses a new globaincome to be. But economists are not in accord

macroeconomic model, known as FRB/MCM, now used by the staffgyar exactly what information consumers take into
of the Federal Reserve Board. See also Andrew Levin, “A Compari- . . .

son of Alternative Monetary Policy Rules in the FRB Multi-Country @ccountin forecaspng future income. o

Model,” The Determinants of Long-Term Interest Rafgs, 340—69. The debate continues, partly because obtaining data

For a discussion of the MPS model, see Flint Brayton and Eileengp expectations is difficult. For example surveys of
Mauskopf, “The Federal Reserve Board MPS Quarterly Econometric ’

Model of the U.S. Economy,’Economic Modelling,vol. 3 (July expectati_ons are ”miteq tF’ a few economic variables,
1985), pp. 170-292. such as inflation, and it is unclear whether the sur-
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veys accurately measure the expectations that influnterest rates on the systematic relationship between
ence actual decisions. In some instances, expedhe cyclical state of the economy and interest rates.
tations can be inferred from nonsurvey data. Because of the criticism of adaptive expectations,
Expectations about future short-term interest ratesthe assumption ofational expectationsyhich had

for example, can be inferred by comparing the yieldsfirst been proposed in the early 1960s, gained favor
on bonds of different maturities, given the assump-among many macroeconomigt$n a given macro-
tion that a bond’s yield depends on the sequenceconomic model, expectations of future events are
of short-term interest rates expected over its ternrational if they are identical to the forecasts of that
to maturity, plus a term premium. However, this model. Because it posits that individuals make full
approach provides accurate measures of expectationse of all of the information embodied in the struc-
only if this theory of the term structure of interest ture of a macroeconomic model, the rational expec-
rates is itself correct and if term premiums can betations approach has become one benchmark for
reliably estimated. the estimation of unobserved expectations.

The lack of adequate data has meant that builders Cost—benefit analysis provides a useful perspective
of macroeconomic models have had to specify @on this debate. In the view represented by models
priori how individuals form expectations (see box employing adaptive expectations, either the costs of
“Assumptions about the Ways in Which Expectations
Are Formed”). Most models developed in the 1960s——— o _
and 1970s, including MPS, incorporated the Simpliy-p,, 52 17 £ Mt Retonay Expecitons and tie Thecp o
ing assumption that people form expectati@uzp-

definition of rational expectations proposed by Muth (p. 316) includes
tively. Under this assumption, for example, the expec-the statement that “the way [rational] expectations are formed depends

; ; ; ; ; specifically on the structure of the relevant system describing the
tation fqr mf!a’uon in the next year is based_on theeconomy.,,
recent inflation trend. Similarly, expected interest
rates depend on past interest rates.

Starting in the 1970s, a number of economists
strongly criticized this treatment of expectations in
macroeconomic models. Robert Lucas, in what ha
become known as the “Lucas Critique,” argued that
an_alyzmg alternatlvg mo”etar)/ and fiscal policies assumptions about how individuals form expectations|of

q o o
using these models is of questionable value because fre economic conditions:
the adaptive approach fails to recognize that, in the

Assumptions about the Ways in Which
5 Expectations Are Formed

Macroeconomic models have relied on several different

real world, people are likely to modify their expecta-
tions as policies are chang@diccording to Lucas

and others, individuals have economic incentives td
form accurate forecasts of future economic events,
and such forecasts include the anticipated effects gf
the government's macroeconomic policies. If the
Federal Reserve usually lowers interest rates durin
recessions, for example, then individuals facing the
onset of a recession will base their forecasts of future

J

2. Similarly, the Treasury’s recent issuance of bonds with returns
indexed to the consumer price index (CPI) may help in the measuref
ment of inflation expectations, which can be calculated by comparing
the rate of interest on conventional bonds with the rate on indexed
bonds. This approach, however, is subject to a number of potential
problems. For a discussion, see Martin D.D. Evans, “Index-Linked
Debt and the Real Term Structure: New Estimates and Implications
from the U.K. Bond Market,” New York University, Solomon Center,
Working Paper Series S-96-24 (March 1996).

3. Robert E. Lucas, “Econometric Policy Evaluation: A Critique,”
Carnegie—Rochester Conference Series on Public Polioy, 1

Adaptive expectations depend only on past observ

tions of the variable in question. Most econometric mod-

els developed in the 1960s and 1970s, including the M
model, employed this assumption.

Rational or model-consistent, expectations are iden
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cal to the forecasts produced by the macroeconoric

model in which the expectations are used. This assu
tion has been used in many macroeconomic mod
developed in the past fifteen years and is one option
the formation of expectations used in FRB/US.

VAR expectations are identical to the forecasts of|
small vector autoregression (VAR) model that includ
equations for a few key economic measures (see |
“Types of Macroeconomic Models” for a description o
a VAR model). This is another option for expectation
formation used in FRB/US.

Adaptive and VAR expectations may be rational if the
are used in a macroeconomic model with a coincidi
structure. For example, if actual inflation depends on
on past inflation, then adaptive expectations of inflati
will be rational.
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sophisticated approaches to forming expectations arevo assumptions. One is that the unobserved expecta-
high, or the benefits from improved forecast accuracytions of firms and households can be adequately
are slight. Thus, individuals form their expectationscaptured by forecasts of an explicit model of the
of the future using simple rules of thumb or easily economy. The second is that participants in the econ-
computed formulas, such as adaptive expectationamy behave so as to achieve the highest possible
At the other extreme is the view underlying the expected welfare and profits over time. Although
rational expectations approach. In this case, collectthese assumptions are similar to those usually found
ing and analyzing information is assumed to have

small costs and large benefits, and consequently indj

viduals base expectations on sophisticated forecas
ing models that make use of all relevant data.
Between these extremes is the view that forecast
ing has both significant advantages and significan
costs. Such a circumstance should lead household
and firms to choose forecasting models that closely
resemble their economic environment but fall short
of a complete model of the economy in every detail.
In FRB/US, one of the options for expectations for-
mation, referred to a¥AR expectationss motivated
by this view.

Separation of Expectations from Actions
in FRB/US

An important feature of the new model is the explicit

separation of expectations regarding future events
from delayed responses to these expectations. Th|s

separation does not exist in traditional structural
macroeconomic models (see box “Types of Macro-
economic Models”), partly because the expectationd
of firms and households are unobservable and partl

because the structures of these models are not basgd

on formal theories of optimal planning over time.
Thus, traditional structural models cannot distinguish
whether changes in activity are a function of altered
expectations today or lagged responses to past plan
For example, they cannot determine whether a rise i
business capital investment is attributable to revisec
expectations about sales or is part of a sequence
gradual capital acquisitions related to earlier invest-
ment plans.

FRB/US removes this ambiguity by explictly pars-
ing observed dynamic behavior into movements tha
have been induced by changes in expectations an
responses to expectations that have been delaye
because of adjustment costs. This separation rests (

5. In recent years, the view that information about the economy is
costly to obtain and analyze has spurred some economists to stug
how individuals’ knowledge about the economy might increase
over time as they observe their economic environment. Different
approaches to learning are discussed in Thomas J. SaBmntded

d Types of Macroeconomic Models

" FRB/US is one of many macroeconomic models that
L have been developed over the past thirty years. Magro-
ISeconomic models are systems of equations that sum-
marize the interactions among such economic varialjles
as gross domestic product (GDP), inflation, and interest
rates. These models can be grouped into several types:
Traditional structural modelstypically follow the
Keynesian paradigm featuring sluggish adjustment
prices. These models usually assume that expectat
are adaptive but subsume them in the general dynamic
structure of specific equations in such a way that the
contribution of expectations alone is not identified. The
MPS and Multi-Country (MCM) models formerly used gt
the Federal Reserve Board are examples.

of
ons

Rational expectations structural modeksxplicitly
incorporate expectations that are consistent with the m
el's structure. Examples include variants of the FRB/US
and FRB/MCM models currently used at the Federal
Reserve Board, Taylor's multi-country model, and the
IMF’s Multimod.t

od-

4 Equilibrium business-cycle modedssume that labor
e . Lo

and goods markets are always in equilibrium and that
sed
el-
2ls

expectations are rational. All equations are closely ba
on assumptions that households maximize their own w
fare and firms maximize profits. Examples are mod
S.developed by Kydland and Prescott and by Christia
N and Eichenbaurd.
)

b Vector autoregression (VAR) modedsploy a small

number of estimated equations to summarize the dyna
behavior of the entire macroeconomy, with few restri
tions from economic theory beyond the choice of val
ables to include in the model. Sims is the original prop
I nent of this type of modél.
d

2d 1. John B. Taylor,Macroeconomic Policy in a World Economy
"~ (Norton, 1993); Paul Masson, Steven Symansky, Rick Haas, and Micl
DNDooley, “MULTIMOD: A Multi-Region Econometric Model,”Staff Stud-
ies for the World Economic Outlogknternational Monetary Fund, 1988),
2. Finn Kydland and Edward C. Prescott, “Time to Build and Aggre-
gate Fluctuations,"Econometrica,vol. 50 (1982), pp. 1345-70; Law-
rence J. Christiano and Martin Eichenbaum, “Current Real-Busine
Yy Cycle Theories and Aggregate Labor-Market Fluctuationstherican
Economic Reviewol. 82 (1992), pp. 430-50.
3. Christopher Sims, “Macroeconomics and RealitEEonometrica,
vol. 48 (1980), pp. 1-48.

5S-

Rationality in Macroeconomic&larendon, 1993).
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in rational expectations macroeconomic models, théorming expectations is greater for some participants
FRB/US model uses a more general description ofn the economy than for others. For instance, the
frictions to more closely match the correlations in expectations of investors in financial markets may
historical time-series data. be based on more detailed information and more

sophisticated forecasting models than are those of

households—a difference that can be approximated
OPTIONS FOREXPECTATIONSFORMATION by making the expectations of investors model-
IN FRB/US consistent and those of households VAR.

The FRB/US model is designed so that alternative
assumptions can be made aboutsbepeof informa-  Speed of Expectations Revision
tion that households and firms use in forming expec-
tations and thespeedwith which they revise their Another dimension of expectations formation is the
expectations on the basis of new information.speed with which households’ and firms’ views of the
Because of the lack of detailed knowledge on howeconomy respond to changes in the economic envi-
individuals actually form expectations, the groundsronment. Of particular importance in analyzing the
are weak for choosing one assumption over all otheffects of monetary and fiscal policy actions is how
ers. The flexibility of FRB/US makes it possible quickly the public recognizes that a deliberate change
to gauge the sensitivity of conclusions drawn fromin policy has occurred or will occur sometime in the
model simulations to alternative assumptions aboututure.
the way expectations are formed. In some instances, households and firms may rec-
ognize that a shift in policy has occurred only after
some time has elapsed. FRB/US allows for the
Scope of Information gradual adjustment of expectations about some key
long-run conditions to changes in policy objectives
Two alternative assumptions regarding the scope o$o as to mimic the process of learning. For example,
information are used in the FRB/US model. One isunder either VAR or model-consistent expectations, a
that expectations are rational, or model-consistent. Ishift in monetary policy intended to reduce inflation
this case, households and firms are assumed to havecan be simulated using alternative assumptions about
detailed understanding of how the economy func-how quickly the change in policy is recognized by the
tions, and expectations are identical to the forecastpublic. If recognition is assumed to be slow, expecta-
of the FRB/US model. tions about long-run inflation are specified to adjust
The other alternative is that expectations are basedlowly. Conversely, rapid recognition is associated
on a less elaborate understanding of the economyyith fast adjustment of inflation expectations.
as represented by a small forecasting model contain- In other instances, a policy action—or the likeli-
ing only a few important macroeconomic variables.hood of the action—may be recognized in advance.
Because the form of the forecasting model is simi-For example, movements in bond yields have at
lar to that of a vector autoregression (VAR), suchtimes been attributed to revised expectations of future
expectations are called VAR expectations. The VARgovernment fiscal actionsUnder model-consistent
approach in the FRB/US model assumes that housexpectations, anticipation of future policy changes or
holds and firms form expectations primarily on the of other events can be introduced simply by including
basis of their knowledge of the historical interactionsknowledge of the event in the information that firms
among three variables: the federal funds rate, th@nd households use when forecasting. In the case of
cyclical state of the economy, and the rate of infla-VAR expectations, advance recognition, if appropri-
tion (see box “The Forecasting Model for VAR ate, is introduced by specifying that expectations of
Expectations”). both long-run inflation and interest rates respond
The FRB/US model can also be simulated undebefore the event.
the assumption that the scope of information used in

6. The legitimacy of shifting among alternative specifications of
expectations formation rests on the assumption that the coefficients 7. For a discussion of such effects during 1993, see Council of
in the equations of FRB/US are unaffected by such changes irEconomic Advisers,Economic Report of the PresidefEebruary
specification. 1994), pp. 78-87.
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The Forecasting Model for VAR Expectations

VAR expectations in FRB/US are the forecasts of a model(3) A% =.02(t—1€),_, —.04& - 0), _,
that has at its core a set of three equations—one each for the
federal funds rate, inflation, and the output gap. The equa-

tions contain an identical set of explanatory variables con-

sisting of the first lagged value of the deviation of each 3 3
variable from its expected long-run value and three lagged +.193 Wy A% _; + .08 Wy Ar, ;.

values of the first difference of each core variable. Coeffi- =1 =1

cient estimates indicate that the system of core equations is

stable, meaning that forecasts of outcomes far into the The variables are defined as follows:

future converge to the measures of long-run expectations

observed on the date they are formed. Long-run expec- r = federal funds rate

tations for inflation are taken from survey data, and those

for the federal funds rate from forward interest rates. The 11 = inflation rate of chain-weight price index for pe

3
=210 - r8) -1+ .09 le7,iATR—i
is

long-run expectation of the output gap is assumed to be sonal consumption expenditures
zero. In the equations in this box, each set of weights
(W,;,j=1,2...9)sums to one. % = percentage gap between actual and potential output
(1) Ary=.03-1g) -, +.12K-0)_, T = expected long-run rate of inflation
3
—.05@ —r&),_,+.332 w; ATy _; ré = expected long-run value of the federal funds rate.
i=1
n -22§W2iA)~(t—i_-27§W3iArt—i' The set of equations is able to g_enerate expectations
i=1 i=1 7 of the values of the three core variables at any futlire

date. (Forecasts oft and r& equal their most recen
(2) Am=.17(t-1g) -, +.13K-0) -, observed value.) For each additional variable for which
an expectation appears in FRB/US, an auxiliary equation,
which expresses the variable as a function of its own
past values and of the set of explanatory variables appgar-
ing in the core equations, is added to the forecasting

3
=01 -r8)-.-.27 21W4,iATft—i
i<

3 3
-.17 le5,iA)”(t_i+ .02 lee,iArt_i. model.
I = 1=
EXPECTATIONS INNDIVIDUAL chases of durable goods or the rate of business invest-
DECISIONMAKING ment in capital equipment. In FRB/US, small changes

in activity, made over several periods, are generally
In the FRB/US model, expectations about future ecodess costly than the same cumulative change made in
nomic conditions influence current prices and activitya single period. As a result, anticipation of relevant
by means of two distinct channels. Through the firstfuture conditions benefits households and firms. The
channel,asset valuationtoday’s price of an asset is more accurately they forecast future events, the less
linked to the expected earnings stream of the assdtequently they must make large revisions to their
and the expected rate of return on alternative asseteconomic plans and, consequently, the lower are their
Thus, in the model, current bond and stock pricesadjustment costs.
are determined by the present discounted value of
expected coupon and dividend payments. Through
the second channeidjustment dynamicgxpecta- Asset Valuation
tions play a role in reducing the costs of economic
frictions. Households, in maximizing their welfare, Tying the current price of an asset to its expected
and firms, in maximizing their profits, face various future earnings is a common way of modeling bond
frictions in pursuing their goals, such as costs assoand equity prices and is not unique to FRB/US. The
ciated with adjusting the rate of household pur-price of a bond equals the flow of payments (coupons
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plus principal repayment) that will accrue to the interest rates, as captured by the corporate bond rate,
owner of the bond discounted by the opportunity costdetermine the current price of equity.
of holding the bond. Because an alternative to hold- FRB/US also applies the link between the current
ing a bond is holding a sequence of short-lived assetsjalue of an asset and its expected earnings stream to
the opportunity cost can be represented, in part, byhe valuation of human capital, where the flow of
the set of short-term interest rates expected to preva#garnings is that expected by an individual over his
over the bond’s term to maturity. Thus, the bond’sor her lifetime. The need to have a measure of the
yield depends on expected future short-term interestalue of human capital arises from a theory of con-
rates, plus a term premium to compensate for thesumption in which households base current spending
difference in risk exposure from holding the bond not on current income but on the expected average of
instead of the sequence of short-term assets (see baxcome over their remaining lifetime. Households
“Equation for the Ten-Year Treasury Bond Yield”). borrow and lend in banking and capital markets to
Similarly, the value of corporate equity dependsadjust for discrepancies between actual income and
on the present discounted value of the expected diviaverage expected income. In FRB/US, the value of
dend stream accruing to the owner of the equity. Inhuman capital is defined as the present discounted
FRB/US, the opportunity cost of holding equity is value of expected future wage income net of taxes
proportional to the corporate bond rate adjusted forand inclusive of transfer payments.
expected inflation. Thus, expectations about future
dividends, future inflation, and future short-term

Adjustment Dynamics

Equation for the Ten-Year The need for expectations in areas of decisionmak-
Treasury Bond Yield ing other than asset valuation is determined by the
strength of frictions or constraints on dynamic adjust-
According to the expectations theory of the term striyc- ments. As discussed below, slower responses require
ture, the current yield on ten-year Treasury bonds equals longer lead times as provided by forecasts of more
a weighted average of the values of the federal funds rfate distant events.

expected over the forty-quarter term of the bond, plus 2 |n the nonfinancial sectors of FRB/US, decisions
term premium, by households and firms rest on forecasts of equilib-
rium goals that would be selected in the absence of
frictions but, because of costs in adjusting activities,
are only gradually achieved. Consequently, the econ-
omy generally is characterized by disequilibrium,
whereE{.} denotes forecasts based on information aval with firms and households behaving optimally but
able during the current quarter and the weights, sum being constrained from immediate movement to equi-
to one. In the FRB/US model, the term premium, librium. Indeed, apart from the expectations required
for asset valuation, the condition of gradual adjust-
ments to equilibrium is the main reason that firms and
households need to look ahead.

Displacements from equilibrium levels of activity
equals a constant, a cyclical component that varles are in many cases due to unexpected events, such as
inversely with the expected gap between actual and yigarences between anticipated and actual household
potential output, and an unexplained residual (Mot ;o me or hetween expected and realized business
Shg\tlwvg)\}ariables are defined as follows: sales._ The restoration of equiliprium is subject to

planning lags, contractual requirements, and other
r10 = yield on ten-year Treasury bonds frictions that inhibit full adjustment to equilibrium
within a quarter. The extent of frictions varies by
activity, so the speed at which equilibrium is restored
| = term premium varies across activities and sectors.
% = percentage gap between actual and potential _ Diagram l illustrates differenge_s in behavio_r due to
output. differences in the extent of friction constraints on
dynamic adjustment. Typically, a household purchase

39

r10,= E{ Zwirc, 1+ by,

39
M= 46— 7] 2wk},

r = federal funds rate
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of a staple commaodity is not subject to significantnot only to the need to collect and assimilate informa-
adjustment costs. The decision to purchase such #on on customer needs and supplier costs but also to
staple—milk—is depicted in the diagram, in which lags in developing engineering and management
the horizontal axis denotes timegenotes “today,” specifications for the new equipment. The firm may
the current period; and ling* denotes the equilib- select a slower delivery schedule if equipment pro-
rium amount of milk consumption for each period. ducers charge more for early delivery. Finally, addi-
The equilibrium amount of milk consumption is tional delays may occur because of the time needed
assumed to grow over time as the expected numbdor the installation of the new equipment and the
or age of children in the household increases. Theraining of operators.

amount of milk carried over from the pasy, is Confronted by these constraints on adjustment, the
below the equilibrium amount needed for today’sfirm decides on a program of gradual adjustment to
consumptiony,. In this example, frictions are not a equilibrium. Based on the average speed of quarterly
significant constraint on dynamic adjustment becauseadjustment for equipment investment estimated from
milk is readily available at a nearby store. Thus, thehistorical data, the firm moves the current level of
decision to purchase additional milk is followed by equipment investment tg, which is about 15 per-
an action that restores the amount of milk on hand taent closer to the equilibriumy,, than the level of
the equilibrium levely,. In the absence of significant investment in the previous periog,. In each subse-
frictions, forecasts of future requirements for milk are quent period the firm reduces the distance between
unnecessary because the household can quickiye actual and equilibrium rates of investment about
adjust the stock of milk to the equilibrium level 15 percent, as shown by the line curving frggto
required in each subsequent period. the equilibrium patty*.

The diagram also depicts a situation in which Although diagram 1 is useful in illustrating the
forward-looking expectations are necessary becausdifference between rapid adjustment to equilibrium in
of the presence of significant frictions—for example,the absence of frictions and gradual adjustment to
the purchase by a firm of new capital equipment.equilibrium when frictions are present, it does not
Because the firm expects to increase its output, thdirectly indicate the way in which expectations of
path of equilibrium purchaseg?, rises over time. In  future goals influence dynamic adjustments under
this exampley, represents yesterday’s level of equip- frictions. That is, diagram 1 provides an external
ment investment, which is assumed to be below thebserver’s view of different adjustment speeds result-
equilibrium level,y,, that is consistent with demand ing from differences in the importance of frictions in
and cost conditions today. In contrast to the earlierspecific economic activities, but it does not reveal the
example, only a fraction of the gap between thenature of the decisionmaking process used by firms
previous level of investmenty,, and the current and household&As indicated in the box “Optimiz-
equilibrium levely,, will be eliminated in the current ing Actions When Change Is Costly,” an optimal
period,t. Delays in adjusting investment may be dueaction today reflects plans for adjustment formulated
in earlier periods and revised plans for the future
based on current information. Thus, in the case of
business capital investment, decisions in the current
period are based on a weighted average of equilib-
vy rium values for past periods and expected equilib-
rium values for future periods.

Diagram 2 presents the intertemporal planning per-
spective of a profit-maximizing firm for which fric-
tions are important constraints on actions. The verti-
cal line indicates the decisionmaker’s location in

1. Adjustments to equilibrium

8. The forward-planning aspect of decisionmaking is absent in the
partial adjustment equations frequently used in traditional structural
models to represent the dynamic behavior depicted in diagram 1. In
! such equations, action in the current period is related to the distance
tYa that remains between today’s equilibrium and yesterday’s action:
Vi = Vi—1 + AY¥ — Yt-1), Wherey; denotes today’s action ang is
today’s equilibrium value.

t Time
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Optimizing Actions When Change Is Costly

Firms and households in FRB/US balance the expecteaf changing thegrowth rateof actions,c; representing the
costs of deviating from equilibrium against the costs of unit cost of changing theate of accelerationand so on.
changing their actions. Expected future costs are discounted The decision rule that minimizes this weighted sum [of
so that those in distant periods have a smaller influence oexpected costs can be represented as the folloiing:
current actions than do those in near-term periods. The
optimization of tradeoffs between the costs of current and
future actions is represented in FRB/US by the assumption
that individuals minimize the following weighted sum of
expected current and future costs: Optimal adjustment of activity in the current periofiy,,
depends on three components: (1) the deviation of |ast
period’s activity from its equilibrium levelyf_; — y,_;
(2) past changes in the levels of activifyy, _; (these lagged
terms are not present if firms or households minimize oply
+Cy(A2Y, 4 )2+ (A%, . )2+ .. 1L the costs associated with changing the level of activity); and
(3) a weighted forecast of future changes in equilibridm
whereE; _ {.} is a forecast of future costs based on informa- levels, Ay}, ; (the forecast weightd,, are functions of the
tion available at the end of the previous peribd,1, andB discount factorB, and the cost parameters, c,, C,, . . .).
is a discount factor between zero and one. The first squared The optimal level of activityy,, defined by this decision
term in the summation is the cost of deviating from equilib- rule can be expressed equivalently as a two-sided mo
rium in periodt + i, wherec, is the unit cost associated with average in past and future equilibrium values:
squared deviations from equilibriuny,,; is the planned
activity, andy% ., ; is the associated equilibrium.

The remaining terms in the cost function define the
expected costs of frictions associated with changes in
actions. A is a mathematical shorthand to represent thewhere thew; weights, indicating the relative importance
one-period change in a variable, suchMs= (y; — Y- 1), for current decisions of past and future equilibrium valugs,
andA?y, =AY, —Vio 1) = (Vi — Vi1 — Vi1 — Yi-2)- Many  sum to one. The estimated relative-importance weights|for
macroeconomic models assume that the principal source afelected activities in FRB/US are plotted in diagram 2.
friction in observed behavior is represented by the term
c(Ay;, )2, wherec, is the unit cost of changing thievel 1. See Peter A. Tinsley, “Fitting Both Data and Th?or!es: Polynomjal
of activity. A more generalized description of fictions is AJMSIErt Costs and Erer Corecton Deciion Rl Fnance and Feo
permitted in FRB/US, withc, representing the unit cost sSystem, 1993).
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time. Future quarters over the firm’s planning period
appear to the right of the vertical line, and past
quarters to the left. The three curves show the
Quarterly relative-importance weight relative-importance weights used in planning for dif-
ferent economic activities and are based on the
— 10 dynamic responses estimated for these activities in
the FRB/US model.
The curve labeled “Equipment investment” de-
— 06 picts the relative-importance weights of past and
expected future events in determining investment in
Bondyield — 04 capital equipment. Although in principle firms plan
_ o over an infinite future, the effective length of the
. planning period is determined by the extent of the
- 0 frictions associated with the firm’s actions. The
T relative-importance weights for only the past three
-12 -8 -4 0 4 8 12 years and future three years are plotted because the
Lags Current quarter Leads weights for more distant quarters are close to zero. In

2. Relative importance of past and future equilibrium values
in current decisions

— .08

Equipment
— investment
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the case of equipment investment, the initial twelvement, the equilibrium values in periods close to the
quarters of the planning period (to the right of thecurrent quarter are assigned higher weights, and
vertical line) account for about 90 percent of theperiods further from the current quarter are assigned
relative-importance weights over the infinite plan- lower weights. Consequently, the mean lead for pric-
ning period. Equilibrium levels further in the future ing is markedly shorter—about three quarters.
are less important to current investment than are Diagram 2 also illustrates the one-sided format of
those in the nearer term because more-distant needslative-importance weights used in asset valuations.
can be satisfied by equipment purchases in futur@ecause frictions are of negligible importance in
quarters. financial markets, asset valuations are only forward-
A summary measure of the effective average lengthooking, and the bond yield is determined by fore-
of the forward planning period is thenean lead casts of the federal funds rate over the maturity
determined by the relative-importance weights. of the bond. For a ten-year Treasury coupon bond
Because frictions play a large role in dynamic adjust-(the example plotted in diagram 2), the relative-
ments for capital equipment, the mean lead for equipimportance weights of expected future funds rates
ment investment is relatively lengthy—approximately decline over the ten-year planning period. Conse-
six quarters. quently, the associated mean lead is about four years.
Weights for past quarters (to the left of the vertical
line) indicate the relative importance of past equi-
librium levels for current decisions. The relative- OVERVIEW OF THEEQUATIONS INFRB/US
importance weights for past planning periods also
approach zero for distant quarters because older plarEhe FRB/US model takes into account decisions
have been completed by past actions. In a construdn three sectors: (1) the household sector, where
tion similar to that used to define the mean leadhouseholds make choices about spending, saving,
relative-importance weights for past quarters carand entering or leaving the workforce; (2) the private
be used to estimate thmean lagresponse. This business sector, where firms make investment,
construction is useful as a measure of the averagemployment, pricing, production, and financial plans;
speed at which firms respond to unexpected shockand (3) the public sector, where local, state, and
because, by definition, firms cannot respond infederal governments (including the Federal Reserve)
advance to unforseen events. In the FRB/US modeket monetary and fiscal policié&s FRB/US models
the mean lag for responses involving equipmenthe behavior of these sectors in the aggregate, but
investment is about seven quarters. some equations do allow for differences among
Lead and lag responses for activities less affectethouseholds or among firms. For example, because
by frictions in FRB/US also appear in diagram 2. Onesmall businesses have less ready access to capital
is the adjustment of output prices by firms to bettermarkets than large corporations have and must rely
reflect current and anticipated demand and cost comnore heavily on internal funds to finance capital
ditions. In the FRB/US model, the prices of mostinvestment, the equation for investment in busi-
goods and services are “sticky,” or slow to adjust ness equipment allows the amount of investment to
to equilibrium. This behavior contrasts with that of depend, in part, on firms’ cash flow.
models based on classical theories, in which the About half of the approximately fifty behavioral
prices of goods and services are as flexible as those imquations in the model—estimated from thirty years
financial markets. The curve labeled “Output prices” of historical data—use explicit measures of expecta-
illustrates the relative importance firms assign to pastions. Of this half, the adjustment-dynamics frame-
and future equilibrium values in deciding the currentwork is used for the equations for consumption of
price of business output. Because the frictions fomondurable goods and services; spending on con-
pricing are smaller than those for equipment investsumer durables of two types; investment in residen-
tial structures, producers’ durable equipment, and
9. The mean lead is calculated by multiplying the sequential num-manUfaCtu”ng and trade inventories; aggregate labor

ber of each quarter in the forward planning period by the correspondghours; the price level and rate of hourly labor
ing relative-importance weight:

EOW'/i EOW’ 10. Decisions made by financial intermediaries such as banks are
not modeled directly, but instead are captured by equations that link
wherewi is the relative-importance weight for th# quarter in the  rates on consumer and business loans and home mortgages to those on
planning period. comparable government securities.
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compensation; and dividends. The asset valuatiometirees in the form of equal increases in payroll
approach is used for the equations for the yields ortaxes and social security benefits is predicted to raise
three types of bonds; the market value of corporatdotal spending on consumer goods and to reduce
equities; and the exchange rate. The other behavioralaving.
equations—including those for exports, imports, The standard life-cycle approach is modified for
employment, labor supply, investment in nonresi-FRB/US in three important ways. First, in evaluating
dential construction, and the stock of inventorieslifetime income, households discount their expected
outside of manufacturing and trade—are estimateduture income at a rate estimated to be 25 percent per
using traditional specifications without explicit year. Such a high rate of discount reflects the signifi-
expectations. cant degree of uncertainty that households attach to
their future earnings. Given this rate, expected after-
tax wage and transfer income over the next five years
Household Sector makes up about three-fourths of human capital.
Second, consumption adjusts to permanent income
In the model, households maximize their welfare,only gradually (in accordance with the adjustment-
which is measured by the present discounted value afost approach described earlier). The frictions that
expected utility derived from the consumption of slow adjustment are relatively small, however, and
nondurable goods and servicésHouseholds are spending therefore adjusts to the level warranted by
assumed to prefer a smooth pattern of consumptiopermanent income at an estimated rate of 20 percent
over time and therefore base their spending orper quarter. Finally, an estimated 10 percent of total
estimates of permanent income—defined to be proeonsumption is accounted for by a group of house-
portional to the sum of human capital and otherholds that spend on the basis of current rather than
wealth—rather than on current income alone. Bypermanent income, perhaps because their access to
doing so, a household is able to maintain a relativelycredit is limited4
stable standard of living over its lifetime even if its Besides choosing how much to consume, house-
income fluctuates substantially. This model of con-holds also decide how much to spend on housing,
sumption is commonly referred to as the “life-cycle” motor vehicles, and other consumer durable goods.
model|12 Because housing and durable goods last for many
The equation for consumption of nondurable goodsyears, purchases of these items are modeled as capital
and services follows the life-cycle model by allowing investments, where the cost depends in part on the
aggregate consumption spending to depend on thieflation-adjusted interest rate on consumer loans or
distribution of income and assets across the populahome mortgages. As with the consumption of non-
tion (see box “Consumption of Nondurable Goodsdurable goods and services, the equations for pur-
and Services”). For example, the life-cycle model chases of motor vehicles, other durable goods, and
predicts that the marginal propensity to consume—housing reflect households’ gradual adjustment to
the increase in spending associated with a dollaequilibrium.
increase in income or assets—is higher for retirees Income that households do not spend on goods and
than for young workers, who are assumed to beservices is assumed to be invested in various financial
saving for their retirement and their children’s educa-assets, including Treasury and corporate securities.
tion. Thus, the consumption equation incorporatedHouseholds are assumed to be risk averse, and the
an estimated higher marginal propensity to consumequations for returns on long-term bonds and stocks
out of social security benefits (as well as other trans-
fer income) than out of after-tax labor income. Con-
sequently, a shift of resources from workers to

13. The idea that income may be discounted at a rate well in excess
of the market rate of interest was originally proposed by Milton
Friedman in his description of the permanent income model of con-
_ sumption. See Friedman, “Windfalls, the Horizon, and Related Con-
11. In the FRB/US model, the measure of consumption of nondura-cepts in the Permanent Income Hypothesis,” in Carl Christ and others,
ble goods and services includes the flow of services from durablesds.,Measurement in Economi¢Stanford University Press, 1963),
goods and therefore differs from the data published under the sampp. 3-28.
name in the national income and product accounts. 14. For a number of reasons, including the presence of credit-
12. The life-cycle model was introduced in the 1950s by Francoconstrained households, Ricardian Equivalence—the independence of
Modigliani and Richard Brumberg. It is described in A. Ando and private consumption and the level of government debt—does not hold
F. Modigliani, “The Life-Cycle Hypothesis of Saving: Aggregate in the FRB/US model. For example, a temporary reduction in current
Implications and Tests,American Economic Reviewnl. 53 (1963), income taxes funded through the issuance of bonds redeemed over
pp. 55-84. thirty years leads to a short-run increase in consumption in FRB/US.
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Consumption of Nondurable Goods and Services

The equilibrium level of consumption depends on currentDefinitions
values of stock market and other property wealth and on the
present discounted value of expected future income. Income : . :
R ) (including service flow from the stock of durables),
is divided into labor, transfer, and property components, - .

. : g billions of chained (1992) dollars.
where labor income is represented by total income less the
sum of transfer and property income. Expectations of future  E, = Expectational operator, using information avall
income are discounted at the rate of 7 percent per quarter. able at timet.
The equilibrium level of consumption also varies procycli-
cally, as represented by the positive coefficient on the
output gapX,,, The adjustment equation for consumption
indicates that optimal dynamic planning determines about W= Household stock market wealth, divided by price
90 percent of consumption but that about 10 percent (the index forC.
coefficient onA log Y, ) of consumption moves with cur-
rent income, possibly because of liquidity constraints.

C = Consumption of nondurable goods and serviges

W, = Household property wealth excluding stock market
assets, divided by price index fax.

Xgap = Percentage deviation between real GDP and|its
potential level.

_ _ 2 o _ Y, = After-tax total household income, divided by prige
(1) logCt =.8307Eflog[(1 -93)(|:ZO-93Yh,t+|)]} index forC.
o Yip = After-tax household property income, divided Ry
+.058%&{log[(1 - .93)(|_ZO.93\¢]MH)]} price index forC.

Y.: = Household transfer income, divided by price index

- .0656{log[(1 - .93)(;%0.93\(.1,),“0]} for C.

* = Equilibrium value.
+.0325 logW ¢ + .144 logW,,

+.00801X5q, ¢ — -262.
(2) AlogC, =.000554 +.154(lo@*_; —logC, _ ;)

+.208Alog C, _ 4
+(1-.0995F_ o Z f, Alog G, ;}

+.0995A log ¥, ,

~ (.0995% .208)Al0g ¥, ( ;.

Sf=.74.

include term and risk premiums that compensateBusiness Sector
households for the risks they bear in holding them.
Through the process of arbitrage, asset prices arkn the model, firms maximize the present discounted
assumed to adjust rapidly, and risk-adjusted returnsalue of expected profits. They set prices for their
are equalized across assets. products, negotiate wages and benefits with their
Finally, the decision to participate in the workforce employees, and decide how much to invest in build-
is modeled in a relatively simple way that capturesings and equipment, how much inventory to hold,
the time trends in participation over the past thirtyand how many workers to employ and the length of
years and the tendency for the participation rate tahe workweek. They also select the amount of profits
rise during periods of high employment. The aggre-paid out as dividends. Expectations enter these equa-
gate supply of labor is assumed not to respond to théons because of the need for planning that arises
wage rate or to taxes. from adjustment costs.
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In FRB/US, most firms sell their products in mar- ployment rate consistent with profit-maximizing
kets characterized by imperfect competition; that is, éehavior of firms and the bargaining ability of work-
firm sets the prices of goods it sells as a markup oveerss Because the equilibrium unemployment rate
costs of production (see box “Prices and Wages”).does not depend on the rate of inflation, it is the same
Abstracting from frictions that impede price adjust- as the nonaccelerating inflation rate of unemploy-
ment, the profit-maximizing price markup varies ment (NAIRU). Because of short-run frictions, the
inversely with the degree of slack in the economy adabor market is often not in equilibrium. When it is
measured by the unemployment rate. This relationnot in equilibrium, wage and price inflation will tend
ship is illustrated by the downward-sloping line in to rise when unemployment is below the NAIRU and
diagram 3. In the model, firms are inhibited by theto fall when unemployment is above the NAIRU. But
reactions of their customers and competitors frominflation can also change for other reasons, such as a
changing their prices too rapidly in response tomovementin energy or import prices.
changes in costs or demand. Prices adjust to their Equilibrium production costs depend on the profit-
equilibrium level at a rate estimated to be 25 percentmaximizing mix of capital, labor, and energy used in
per quarter. production, and the mix, in turn, depends on the

The equation for the rate of hourly labor compensa-after-tax cost of capital relative to the prices of other
tion, as measured by the employment cost index, isactor inputs. The cost of capital increases as the
based implicitly on a model of bargaining over the inflation-adjusted yield on bonds rises and decreases
real wage. Because wages are typically based oas the price of shares in the stock market rises.
explicit and implicit multiperiod contracts, they are Equilibrium labor productivity, or output per unit of
less flexible than prices: Wages adjust to their equidabor input, is determined by two factors—Ilong-run
librium level at a rate estimated to be only 10 percentrends, assumed to be exogenous, and the equilibrium
per quarter. Abstracting from such frictions, the capital and energy intensity of production.
ability of workers to bargain for a high real wage Inthe FRB/US model, a firm meets the demand for
depends on their relative bargaining power, whichits goods and services given the price it has set by
declines during periods of high unemployment. Inadjusting production and by building up or drawing
diagram 3, this relationship is represented by thedown inventory stocks. A firm can alter its level of
upward-sloping line, which relates the inverse of theproduction by adjusting the number of labor hours
real wage (the price markup) to the unemploymenthired and by installing new equipment. In the model,
rate. the responses of employment and investment depend

In equilibrium, price inflation equals the growth on the relative costs of labor and capital and on the
rate of unit costs, and the price markup over wagedrictions that slow the adjustment of labor hours and
chosen by firms equals the inverse of the real wageapital.
resulting from the bargaining process. This equi- Because of the costs of adjusting total hours,
librium in wage- and price-setting is shown by the including the costs of hiring and training new work-
intersection of the two lines in diagram 3. This ers and of paying shift and overtime premiums, most
intersection determines a unique equilibrium unem{irms (covering an estimated two-thirds of private-

sector employment) are modeled as adjusting labor

3. Price and wage equilibrium input to its equilibrium level at a rate estimated to be
about 15 percent per quarter, thus smoothing labor
Ratio of price to wage input over the business cycle. The remaining firms

(covering one-third of private-sector employment)
adjust hours immediately when demand changes by
laying off or recalling workers or by using temporary
help.

Rapidly altering the rate of equipment investment
to its equilibrium level is costly for firms, so their

Wage-setting

Equilibrium markup
Price-setting

15. Several theories of wage and price determination yield an
equilibrium unemployment rate like that in FRB/US. These theories
include labor market search, union wage bargaining, efficiency wages,
and insider—outsider interests in employment and compensation.
N. Gregory Mankiw and David Romer, edblew Keynesian Econom-
ics (MIT Press, 1991), contains examples of such models.

NAIRU Unemployment rate
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Prices and Wages

Prices. The main price variable in the FRB/US modg},
is a domestic absorption (private domestic final sales plus
exports, net of indirect taxes) price index. The equilibrium
price, R, is a weighted average of the equilibrium price for

private output,R¥, and the price of output from other (5) AlogR ,=-.009 +.030(log?* - log R); - ;

sectors less inventory chande,,, and is inversely related

to the rate of unemploymernt,,4,. The equilibrium private
output price—based on a three-factor Cobb—Douglas pro-
duction technology—is a markup over minimized cost. The
dynamic equation foR, follows the framework for gradual
adjustment described in the text and is constrained to be
consistent with a vertical long-run Phillips curve; that is, the
coefficients on lagged and future inflation sum to one. The
equation also contains terms that allow for the more rapid
adjustment of the prices of energy-intensive products, such
as retail gasoline, relative to that of the prices of other
goods.

(1) log R = 10g((RXq + PunXord/X,) = 00 gz + 019,

(2) logR: =.280 +.980 I0GR/L pyuq) + -020 10gRen

(3) AlogRy,=.001+.101(loR% - log Ry, - 1

2
+ ZWAlogRy

+E o Z fAI0gRs (. )

+.2710, A 109 Rengy ¢~ 1
—.0470, ; ~ Al0g Reng; ¢ - 2-

Tw = .566. 3f = .434.

Wages.The equilibrium nominal wage (compensation
per hour) is based on the same relationship that underlies
the equilibrium private output pric&g, with an additional
term reflecting the negative effect of the unemployment
rate on the equilibrium wage. As in the case of the dynamic
price equation, the wage equation follows the gradual
adjustment framework and is constrained to be consistent
with a vertical long-run Phillips curve. Three additional
terms—a dummy for wage and price control,,, the
rate of growth of employer social insurance tax&s$,,,
and the rate of increase of the real minimum wage,
A log Ri.——capture the rapid pass-through of changes in
these variables to actual wages.

(4)

Definitions

log R* = .068 + logL ;4 + 1.020 logR,

prdgt

—.020 logReng— -01AL g5-

3
+ ZWAIogR

* Et—l{izzofiAlc’g R* . i}

— 00D, 5  + 1.400A S,y ¢

+.023A log Ry, t-

Sw =.709. ¥f = .291.

Dypc= Dummy for Nixon wage—price controls.

E,_, = Expectational operator, using information avajl-
able at the end of the previous quarter,1.

L, 4qt= Trend labor productivity.

prdgt
L.q4a= Demographically adjusted unemployment rate

Reng= Price index for crude energy consumption.

Reng:= Price for crude energy consumption relative fo
price of nonfarm business output.
R = Compensation per hour in nonfarm business.
Rminr = Minimum wage, deflated by hourly labor
compensation.
Rin= Price index forX,,.
Ry = Price index forX,.
Ry = Price index forX,.
Sax= Employer social insurance premiums, deflated by

total labor compensation.

Xy = Nonfarm, nonhousing business output plus oil
imports (net of indirect business taxes).

Xotmn= Output of housing, farm, household, and insti-
tutional sectors plus government output (net
employee compensation) plus non-petroleum
imports less inventory investment.

X, = Private domestic final sales (net of sales taxes and
other indirect taxes) plus exports.

w, = Energy share of output.

* = Equilibrium value.




240 Federal Reserve Bulletin ~ April 1997

adjustment to changes in expected output or in théor of aggregate production, employment, and infla-
costs of capital, labor, and energy proceeds relativelyion. Specifically, the FRB/US model is used to
slowly, at a rate estimated to be 15 percent pepredict how the overall economy would respond to
quarter in the FRB/US model. In addition, for a group two hypothetical events—a tightening in fiscal policy
of firms (accounting for about 20 percent of invest-achieved through a permanent reduction in defense
ment), profit-maximizing investment plans are con-spending and an increase in the price of oil.
strained by their limited access to external sources of In the analysis of the first scenario, a critical factor
funds. For these firms, investment is determined byis the speed with which the public recognizes that a
available cash flow. change in the economic environment has occurred or
will occur. The model can be simulated with several
possibilities, including gradual learning about the
Government Sector change after it has occurred, recognition of the
change at the time it occurs, and anticipation of the
In the FRB/US model, the government influenceschange before it occurs. All three possibilities are
macroeconomic conditions through three activities:relevant for fiscal policy, so the analysis of the cut-
monetary policy carried out by the Federal Reserveback in defense spending focuses on the sensitivity of
fiscal policy carried out by the federal government,the model’'s predictions to changes in recognition
and the spending and tax actions of state and locapeed.
governments. For the second scenario, the recognition problem
Monetary policy is characterized by an equationdoes not concern oil prices per se (these are readily
for the level of the federal funds rate. In model observable) but instead the anticipated response of
simulations, policymakers are assumed to set thenonetary policy to the rise in oil prices. Specifically,
federal funds rate to stabilize the rate of inflation atthe public might think that a change in policy has
some target level and to hold aggregate demand neaccurred when none actually has. The macroeco-
the level consistent with full employment. The key nomic implications of such a possibility is the focus
characteristics of such a policy are the rate of infla-of this analysis.
tion that policymakers hope to achieve over time— To simulate the effects of these events, a baseline
the inflation target—and the sensitivity of the federalforecast of economic activity is generated given a set
funds rate to deviations of actual inflation from this of assumptions for fiscal and monetary policy, for-
objective and to deviations of the level of economiceign economic conditions, oil prices, and so forth.
activity from its potential. Then the model is run again under the assumption
The activities of the federal government are sum-that one of these factors—government spending or
marized by a group of equations that describe thehe price of oil—changes. A comparison of the base-
setting of tax rates (on personal and corporatdine and simulation forecasts indicates the way the
incomes, payrolls, and the sales value of some good®conomy would react to such an event (according to
and the level of spending (on employee compensathe FRB/US model).
tion, investment, other purchases of goods and ser- Simulation of economic events permits the tracing
vices, transfer payments, net subsidies to governmemtf the dynamic responses of households and firms
enterprises, and grants to state and local governto changes in the economic environment. It shows
ments). Federal debt (the accumulation of deficitshow adjustment costs give rise to macroeconomic
over time) is financed through the issuance of Treadisequilibrium—transitory deviations of aggregate
sury bills and bonds. A similar set of equationsdemand from the economy’s full-employment level
describes the aggregate tax and spending policies aff production. Such disequilibrium explains, for
state and local governments. example, why many policies that may be beneficial in
the long run, such as a reduction in federal borrowing
or a return to price stability, often carry with them
EXPECTATIONS INACTION: short-run costs in the form of reduced income and
MODEL SMULATIONS higher unemployment.

So far the discussion has focused on the way in

which expectations affect the decisions of firms andTightening of Fiscal Policy

households. Now it turns to the interactions of these

sectors of the economy and, through model simulain the first hypothetical event, the Congress passes
tions, explores the role of expectations in the behaviegislation that reduces annual defense expenditures
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4. Simulated consequences of a cutback in defense spending when recognition of the change is immediate or gradual

Percentage point change Percentage point change

Ratio of the federal budget deficit to GDP Unemployment rate

_ % _ _ 04

\
o
(2]

\

o+

Gradual recognition

— — 12 — — 04
Immediate recognition
| | | | | | | | | | | | | | | | | | | | | | | | | |
Federal funds rate Yield on ten-year Treasury bond

— — 06 — — 06
— — 06 — — 06

| | | | | | | | | | | | | | | | | | | | | | | | | |

-2 0 2 4 6 8 10 -2 0 2 4 6 8 10
Years relative to cutback Years relative to cutback

Note. Both simulations are based on VAR expectations.

relative to baseline by> percent of GDP in the first firms have VAR expectations, are summarized in
year of the program and 1 percent in the second yealiagram 4. Results are shown for two different char-
The annual reduction in non-interest outlays, ex-acterizations of the speed with which the public rec-
pressed as a percentage of GDP, remains at this levepnizes the extent of the change in policy: (1) The
thereaftet The improvement in the overall budget public at the start of the program recognizes the full
balance is assumed to be a similar percentage dfnplications of the policy change for the long-run
GDP; taxes are adjusted to offset interest savingyalue of the real federal funds rate, and (2) the public
generated by a reduction in federal borrowing. Mone-only gradually revises its estimate of the equilibrium
tary policy makers are assumed to act to stabilize theeal funds rate, on the basis of observed changes in
economy by gradually lowering the federal funds rateactual rates of inflation and interest. In both cases, the
whenever the level of real activity is below its poten- public’s beliefs about the long-run rate of inflation (in
tial and inflation is less than the targeted rate; wherpther words, about the inflation goals of monetary
the opposite is true, they raise the funds Fdte. policy makers) are unaffected by the change in fiscal

policy.

Under either assumption about the speed of rec-

Effects under Immediate and Gradual Recognition ognition, the cuts in defense spending weaken aggre-

gate demand—first by decreasing the sales of defense
The macroeconomic effects of the tightening of fiscalcontractors and then by decreasing sales in other
policy, under the assumption that households angectors that supply goods and services to the defense

industry and its workers. The initial effect is mag-

S __nified as firms reduce employment and household
16. Such cuts would be only half as great as the actual decline in

defense spending since the end of the cold war: Expenditures havépendmg reSpondS to th_e loss in current income.
fallen from about %2 percent of GDP in 1989-91 to about:=percent  Firms and households project (more or less correctly)

today. _ _ _ _that the initial decline in the level of aggregate sales,
17. The speed at which policy responds to changes in real activity

and inflation is based on an equation for the funds rate estimated oveemploy_menn _and income will pers_lst fOI’. a few yegrs.
1980-95. Accordingly, firms cut back on their capital spending
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and further reduce their demand for labor; houseably longer if the public only gradually revises its
holds moderate their spending on consumer goodsotions of the long-term state of the economy.
and housing. Under these conditions, unemployment
rises.
The initial increase in unemployment is smaller if Effects of Prior Recognition
the public fails to recognize immediately the size and
persistence of the change in fiscal policy; in thisin the preceding simulations, the public either recog-
situation, households and firms underestimate the fulhizes the economic implications of the spending cut
contractionary effect of the cuts and see less needs soon as it is implemented or learns about them as
to reduce their spending. In contrast, even thoughime passes. The public might, however, anticipate
immediate recognition magnifies the short-run consethe policy change before its actual implementation.
guences of the policy change, it nonetheless hastersuch prior recognition could arise when the Congress
the return to equilibrium because in this situationpasses legislation containing provisions that take
firms and households understand a key fact about theffect at a later date. Prior recognition could also
economy as represented by FRB/US: A permanenbccur when a prolonged period of discussion within
decline in the federal budget deficit, by raising theand outside the government has preceded the passage
economy’s aggregate rate of saving, lowers the longef legislation (as, for example, the public debate over
term real funds rate consistent with full employ- the likely size of future cuts in defense spending that
menti8® Therefore, with monetary policy directed began immediately after the fall of the Berlin Wall,
toward keeping the rate of inflation unchanged, thewell before an actual reduction in spending).
public forecasts that the nominal federal funds rate If firms and households recognize a policy change
will quickly fall to a lower level and remain there before its enactment, they can begin to adjust early.
permanently. This view leads to a drop in bond yieldsDiagram 5 shows the response of the economy to the
immediately upon enactment of the cuts in defenseuts in defense spending discussed earlier under two
spending® By contrast, when recognition is gradual, assumptions: (1) the public recognizes the full change
bond yields decline more slowly because firms andn policy when the initial cuts are first enacted and
households only sluggishly revise their estimate of(2) the public anticipates the change two years before
the long-run level of the federal funds rate. it occurs. In both cases, households and firms are
Whether the public reacts quickly or slowly, com- assumed to have model-consistent expecta#®ns.
petitive forces in financial markets ensure that the As can be seen, prior recognition causes the econ-
decline in bond vyields is accompanied by falling omy to strengthen in advance of the spending cuts.
mortgage rates, rising stock prices, and a depreciatingihe source of this early pickup in activity is the
dollar. These changes in wealth and borrowing condipublic’'s knowledge that the coming change in fiscal
tions spur consumer spending and domestic capitgbolicy is associated with a lower federal funds rate in
formation and increase the net foreign demand fothe long run. As a result of this expectation, bond
U.S. goods. Eventually, the stimulus from favorableyields fall two years before the spending cuts take
financial conditions fully offsets the contractionary place. The stimulus from this reduction in borrowing
effect of the cuts in defense spending, and unemployeosts—combined with the effects of higher stock
ment returns to its baseline level. This return takegrices and a lower foreign exchange value of the
five years if recognition is immediate and consider-dollar—initially increases aggregate demand, particu-
larly in the areas of investment goods and net exports.
As a result, the unemployment rate falls before the
change in policy, and in response, the federal funds

18. In FRB/US, inflation stability is achieved only if the unemploy- rate rises. However, once the spending cuts are imple-
ment rate equals the NAIRU or, equivalently, only if aggregate
demand equals the potential level of output. The real interest rate that
achieves this equality is the equilibrium real rate. Because aggregate——
demand is positively related to government spending and negatively 20. Comparison of the black lines in diagrams 4 and 5 shows that
related to the real interest rate, a permanent decline in governmerdltering thescopeof the public’s knowledge about the economy has
spending must, if equilibrium is to be restored, be offset by a permadittle effect on the predicted macroeconomic consequences of the
nent decline in the real interest rate. change in fiscal policy: For this hypothetical event, what matters is not
19. The initial decline in long-term interest rates is smaller than thewhether the public has VAR (diagram 4) or model-consistent (dia-
eventual fall, primarily because the term premiums demanded bygram 5) expectations, but the speed at which they recognize that a
investors increase with the slowdown in economic activity. Once thechange has occurred. For other scenarios (such as that of the oil price
level of activity returns to normal, term premiums return to baseline shock), however, altering the scope of the public’'s knowledge does
values. significantly affect the model’s predictions.



The Role of Expectations in the FRB/US Macroeconomic Modgak3

5. Simulated consequences of a cutback in defense spending when policy change is recognized
before or immediately upon enactment

Percentage point change Percentage point change
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Norte: Both simulations are based on model-consistent expections.

mented, the rise in aggregate demand is reversed, aqice of oil, like the ones that occurred during the
the pattern of economic activity is roughly the samemiddle and late 1970s. Consider a simulation in
as if the change had not been recognized in advancewhich oil prices double over the course of a year and
remain at this higher level for several years there-
after2! This situation is illustrated in diagram 6,
Rise in Oil Prices under the assumption that firms and households have
VAR expectations. As can be seen, such an energy
In the simulations involving a cut in defense spend-shock would produce a large initial spike in con-
ing, households and firms face the problem of dis-sumer price inflation.
cerning the long-run objectives of fiscal policy. In In one situation (curve labeled “Correct” in dia-
one case they recognize the complete details of thgram), the initial rise in inflation is assumed to have
program immediately upon enactment; in others theyno effect on the public’s beliefs concerning the goals
either learn about the change over time or anticipat®f monetary policy; the public has confidence in the
it in advance. In gauging the likely effects of their government’s commitment to restoring the baseline
actions, policymakers must accept that any of theseate of inflation and does not change its expectations
reactions is possible and that policy actions can influregarding inflation in the long run. In an alternative
ence but not wholly control the public’'s speed situation (curve labeled “Incorrect”), the public, see-
of recognition (or any other aspect of the public’'sing that inflation has risen, modifies its views about
beliefs).
Conceivably, there are circumstances in which the
public may come to perceive a change in policy whe — . . .
. . . . 21. A price increase of this magnitude would be considerably
none has occurred. Such a situation m'ght arise, fogmaller than the 250 percent rise in 1973-74 but about the same size
example, in the context of a large increase in theas thatin 1979-80.
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6. Simulated consequences of higher oil prices when public perceptions of monetary policy are correct or incorrect

Percentage point change Percentage point change
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Note. Both simulations are based on VAR expectations.

the long-run target for inflation, even though theinitially rises in response to the original spike in
goals of policy have not changed. Under such circuminflation but later falls below baseline as inflation
stances the price spike leads to expectations of anoderates and unemployment rises. With inflation
signficant increase in long-run inflation. Only after close to baseline after three years, the implied reduc-
policymakers prove their commitment to a noninfla-tion in the real interest rate is sufficient to eventually
tionary path and achieve a reduction in the actual rateffset the contractionary effects of higher oil prices.
of inflation—a process that takes several years—do The cost of bringing inflation down to its original
expectations of long-run inflation return to baseline. level is greater, in terms of the cumulative increase in
The rise in oil prices affects households and firmsunemployment, if the public thinks that the target rate
in similar ways under the two assumptions aboutof inflation has risen. This extra cost arises because
expectations. For example, in both cases higher oithe public’s misperception of policy leads it to make
prices feed directly into higher prices for gasoline,two forecasting errors: (1) an overstatement of the
heating oil, and other sources of energy. The highefuture rate of growth of unit labor costs (the wage
energy bill puts pressure on firms’ profit margins, andrate adjusted for productivity growth) and (2) an
thus on prices, while workers demand higher wagesinderstatement of the average future level of unem-
as the cost of living rises. Because wages adjust morployment. The first error is a direct consequence of
slowly than prices, the real wage falls and depressethe policy misperception, because equilibrium in
the demand for consumer goods. ConsumptiorFRB/US requires that the rate of growth of unit labor
spending is further restrained by the increase in the&osts must equal the target rate of inflation in the long
share of aggregate income flowing overseas to payun. The second error results from the mistaken belief
for imported oil. Under these circumstances, unemthat monetary policy makers will allow inflation to
ployment rises. remain permanently higher instead of bringing it
The resultant weakness in aggregate spending isack to baseline by restraining aggregate demand.
only transitory. Because the goal of monetary policyBecause the actual rate of inflation depends on the
is to stabilize the economy, the federal funds rateexpected growth of unit labor costs and the future
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level of unemployment (as well as on lagged infla-model of the U.S. economy used at the Federal
tion), the two forecasting errors exacerbate the inflaReserve Board and the ways in which they affect
tion problem created by higher oil prices. To offsetpredictions of the economy’s response to distur-
this additional source of inflationary pressure, thebances in aggregate supply and demand. As noted
stance of monetary policy must be tighter on averageearlier, economists do not agree on the appropriate
The need for this tighter stance does not disappedreatment of expectations in macroeconomic models.
until the policy misperception is corrected through anThus, the FRB/US model was designed to be flexible
actual reduction in inflation. with respect to the formation of expectations. A
subject of ongoing research is the way in which firms
and households modify their method of forming
CONCLUSION expectations in light of new evidence—that is, how
they learn about the structure of the changing eco-
These simulations provide a glimpse of the key rolenomic environment. The FRB/US model provides a
that expectations play in the new macroeconomidramework for analyzing this and other issues. [
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