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AN OVERVIEW OF THE FORECAST PROCESS

The Division of the Budget (DOB) Economy and Revenue Estimation Methodology
supplements the detailed forecast of the economy and the tax and miscellaneous receipts
sources presented in the Executive Budget. The purpose of this volume is to provide
background information on the methods and models used to generate the estimates for the
major receipt sources contained in the Budget. DOB'’s forecast methodology utilizes
sophisticated econometric models, augmented by the input of a panel of economic experts,
and a thorough review of economic and revenue data to form multi-year quarterly projections
of economic and revenue changes.

AN ASSESSMENT OF FORECAST RISK

No matter how sophisticated the methods used, all forecasts are subject to error. For this
reason, a proper assessment of the most significant forecast risks can be as critical to the
budget process as the forecast itself. Therefore, we begin by reviewing the most important
sources of forecast error and discuss how they affect the forecasts used to construct the
Executive Budget.

DATA QUALITY

Even the most accurate forecasting model is constrained by the accuracy of the available
data. The data used by the Budget Division to produce a forecast typically undergo several
stages of revision. For example, the quarterly components of real U.S. gross domestic
product (GDP), the most widely cited measure of national economic activity, are revised no
less than five times over a four year period, not including the rebasing process. Each revision
incorporates data that was not available when the prior estimate was made. Initial estimates
are often based on sample information, though early vintages are sometimes based on the
informed judgment of the analyst charged with tabulating the data. The monthly employment
estimates produced under the Current Employment Statistics program undergo a similar
revision process as better, more broad-based data become available and with the evolution
of seasonal factors. The total U.S. nonagricultural employment estimate for December 1989
has been revised no less than 10 times since it was first published in January 1990." Less
frequently, data are revised based on new definitions of the underlying concepts.?
Unfortunately, revisions tend to be largest at or near business cycle turning points, when
accuracy is most critical to fiscal planners. Finally, as we demonstrate below, the available
data are sometimes not suitable for economic or revenue forecasting purposes, such as the
U.S. Bureau of Economic Analysis’ estimate of wages at the state level.

MODEL SPECIFICATION ERROR

Economic forecasting models are by necessity simplifications of complex social
processes involving millions of decisions made by independent agents. Although economic
theory provides some guidance as to how these models should be specified, theory is often
imprecise with respect to capturing behavioral dynamics and structural shifts.> Moreover,
modeled relationships may vary over time. Often one must choose between models that use
the average behavior of the series over its entire history to forecast the future and models

' The current estimate for total employment for December 1989 of 108.8 million is 0.7 percent below the initial
estimate of 109.5.

2 The switch from SIC to NAICS is a classic example of how changes in the definition of a data series can
challenge the modeler. The switch not only changed the industrial classification scheme, but also robbed state
modelers of decades of employment history.

3seeR.C. Fair, Specification, Estimation, and Analysis of Macroeconomic Models, Cambridge, MA: Harvard
University Press, 1984; and Clements M.P and D. F. Hendry, eds., A Companion to Economic Forecasting,
Malden, MA: Blackwell Publisher, 2002.

1



OVERVIEW

which give more weight to the more recent behavior of the series.* Although more
complicated models may do a better job of capturing history, they may be no better at
forecasting the future, leading to the parsimony principle as a guiding precept in the model
building process.

MODEL COEFFICIENTS: FIXED POINTS OR RANGES?

Although model coefficients are generally treated as fixed in the forecasting process,
coefficient estimates are themselves random variables, governed by probability distributions.
Typically, this distribution is assumed to be normal, a key to making statistical inference.
Reporting the standard errors of the coefficient distributions gives some indication of the
precision with which one can measure the relationship between two variables. For many of
the results reported below, point estimates of the coefficients are reported along with their
standard errors. However, it would be more accurate to say that there is a 66 percent
probability that the true coefficient lies within a range of the estimated coefficient plus and
minus the standard error.

ECONOMIC SHOCKS

A multitude of random events occur that can affect the economy and revenues but that no
model can capture. September 11 is the most extreme example of such an event. Some
economic variables are more sensitive to shocks than others. For example, equity markets
rise and fall on the day’s news, sometimes by large magnitudes. In contrast, GDP growth
tends to fluctuate within a relatively narrow range. For all of these reasons, the probability of
any forecast being precisely accurate is virtually zero. But although one can not be confident
about hitting any particular number correctly, one can feel more confident about specifying a
range within which the actual number is likely to fall. Often economic forecasters use
sophisticated techniques, such as Monte Carlo analysis, to estimate confidence bands based
on the model’'s performance, the precision of the coefficient estimates, and the inherent
volatility of the series.” A 95 percent confidence band (or even a much less exacting band)
often can be quite wide, suggesting the possibility that the actual result could deviate
substantially from the point estimate. From a practitioner’s perspective, these techniques are
only valid if the model is properly specified.

Sometimes what appears to be a random economic shock may actually be a more
permanent structural change. In the latter half of the 1990s, most forecasters underestimated
the national economy’s performance for several consecutive years before it became
recognized that the economy had shifted to a higher productivity growth path and talk of the
“new economy” became common. Structural shifts in the underlying economy or revenue
structure are difficult to model in practice, particularly since the true causes of such shifts only
become clear with hindsight. This can lead to large forecast errors when these shifts occur
rapidly or when the cumulative impact is felt over the forecast horizon. Policy makers must
be kept aware that even a well specified model can perform badly when structural changes
occur.

EVALUATING A LOSS FUNCTION

The prevalence of sources of forecast error underscores the importance of assessing the
risks to the forecast, and explains why the discussion of such risks consumes such a large
portion of the economic backdrop presented with the Executive Budget. In light of all of the

* See Andrew C. Harvey, Time Series Models, second edition, Cambridge: The MIT Press, 1993.

® For an example of such an analysis, see Lynn Holland, Hilke Kayser, Robert Megna, and Qiang Xu (2001).
“The Volatility of Capital Gains Realizations in New York State: a Monte Carlo Study,” in Proceedings, 94th
Annual Conference on Taxation, National Tax Association, Washington, DC, 2002, pp. 172-183.
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potential sources of forecast risk, how does a budgeting entity utilize the knowledge of risks to
inform the forecast? Standard econometric theory tells us that the probability of any point
forecast being correct is zero, but a budget must be based on a single projection.

One way to reconcile these two facts it to evaluate the cost of one’s forecasting errors,
giving rise to the notion of a loss function. A conventional example of a loss function is the
root-mean-squared forecast error (RMSFE). In constructing that measure, the “cost” of an
inaccurate forecast is the square of the forecast error itself, implying that large forecast errors
are weighted more heavily than small errors. Because positive and negative errors of equal
magnitude are weighted the same, the RMSFE is symmetric. However, in the professional
world of forecasting, as in our daily lives, the costs associated with an inaccurate forecast
may not truly be symmetric. For example, how much time we give ourselves to get to the
airport may not be based on the average travel time between home and the gate, since the
cost of being late and missing the plane may outweigh the cost of arriving early and waiting
awhile longer. Granger and Pesaran (2000) show that the forecast evaluation criterion
derived from their decision-based approach can differ markedly from the usual RMSFE.°
They suggest a more general approach, known as generalized cost-of-error functions, to deal
with asymmetries in the cost of over- and under-predicting.” In the revenue-estimating
context, the cost of overestimating receipts for a fiscal year may outweigh the cost of
underestimating receipts, given that ongoing spending decisions may be based on revenue
resources projected to be available. In summary, forecast errors are an inevitable part of the
process and, as a result, policymakers must be fully informed of the forecast risks, both as to
direction and magnitude.

The Economic and Revenue Forecasting Process
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®See C.W. J. Granger and M. H. Pesaran, “A Decision-based Approach to Forecast Evaluation,” in Chan and
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" For a detailed discussion, see C.W.J. Granger, Empirical Modeling in Economics: Specification and Evaluation,
Cambridge University Press,1999.
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The above flow chart provides an overview of the receipts forecasting process. The entire
forecast process, from the gathering of information to the running of various economic and
receipt models, is designed to inform and improve the DOB receipt estimates. As with any
large scale forecasting process, the qualitative judgment of experts plays an important role in
the estimation process. Itis the job of the DOB economic and revenue analysts to consider
all of the sources of model errors and to assess the impact of changes in the revenue
environment that models cannot be expected to capture. Adjustments that balance all of
these risks while minimizing the appropriate loss function are key elements of the process.
Nevertheless, in the final analysis, such adjustments tend to be relatively small. The Budget
Division’s forecasting process remains guided primarily by the results from the models
described in detail below.

THE ECONOMY

The economic environment is the most important factor influencing the receipts estimates.
The receipts structure of New York State is dominated by tax sources, such as the personal
income and sales taxes, that are sensitive to economic conditions. As a result, the first and
most important step in the construction of receipts projections requires an analysis of
economic trends at both the State and national levels. The schedule below sketches the
frequency and timing of forecasts performed over the course of the year.

ECONOMIC AND REVENUE FORECAST SCHEDULE

A brief overview of how the Budget Division forecasting process unfolds over the course of the calendar
year is presented below. From one perspective, the following schedule begins at the end, since the
submission of the Executive Budget in January represents the culmination of research and analysis done
throughout the preceding year. For the remainder of the year, the Economic and Revenue Unit closely
monitors all of the relevant economic and revenue data and regularly updates an extensive array of annual,
quarterly, monthly, weekly, and daily databases. For example, estimates of U.S. Gross Domestic Product
data are released at the end of each month for the preceding quarter. U.S. employment and unemployment
rate data is released on the first Friday of each month for the preceding month, while unemployment benefits
claims data is released on a weekly basis. Receipts data published by the Office of the State Comptroller is
released by the 15th of each month for the preceding month, while similar data from the New York State
Department of Taxation and Finance is monitored on both a monthly and daily basis. The Executive Budget
forecast is updated four times during the year in compliance with State Finance Law.

JANUARY Governor submits Executive Budget to the Legislature by the middle of the
month, or by February 1 following a gubernatorial election.

FEBRUARY Prepare forecast for Executive Budget With 30-Day Amendments.

MARCH Joint Legislative-Executive Economic and Revenue Consensus Forecasting
Conference.

APRIL Statutory deadline for enactment of State Budget by the Legislature.

JUNE/JULY Prepare forecast for First Quarter Financial Plan Update (July Update).

SEPTEMBER/ Prepare forecast for Mid-Year Financial Plan Update:

OCTOBER > Meet with DOB Economic Advisory Board for review and comment on

mid-year forecast.
> Incorporate comments of Advisory Board members.

DECEMBER Prepare Executive Budget forecast and supporting documentation.

The process begins with a forecast of the U.S. economy. The heart of the DOB U.S.
forecast is the DOB macroeconomic model. The DOB model structure employs recent
advances in econometric modeling techniques to project the most likely path of the U.S.
economy over the multi-year forecast horizon included in the Executive Budget. The model
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framework and its development is described in detail in this volume. Model output is
combined with our qualitative assessment of economic conditions to complete a preliminary
U.S. forecast. In addition, Division of the Budget staff review the projections of other
forecasters of the U.S. economy to provide a yardstick against which to judge the DOB
forecast.

The U.S. forecast serves as the key input to the New York macroeconomic forecast
model. National conditions with respect to employment, income, financial markets, foreign
trade, consumer confidence, and stock market prices can have a majorimpact on New York’s
economic performance. However, the New York economy is subject to idiosyncratic
fluctuations, which can lead the State economy to perform much differently than the nation as
a whole. The evolution of the New York economy is governed in part by a heavy
concentration of jobs and income in the financial and business service industries. As aresult,
economic events that disproportionately affect these industries can have a greater impacton
the New York economy than on the rest of the nation. The New York economic model is
structured to capture both the obvious linkages to the national economy and the factors which
may cause New York to deviate from the nation. The model estimates the future path of
major elements of the New York economy, including employment, wages and other
components of personal income and makes explicit use of the linkages between employment
and income earned in the financial services sector and the rest of the State economy.

To adequately forecast personal income tax receipts — the largest single component of
the receipts base — projections of the income components that make up State taxable
income are also required. For this purpose, DOB has constructed models for each of the
components of New York State adjusted gross income. The results from this series of
models serve as input to the income tax simulation model described below, which is the
primary tool for calculating New York personal income tax liability.

A final part of the economic forecast process involves using tax collection data to assess
the current state of the New York economy. Tax data is often the most current information
available for judging economic conditions. For example, personal income tax withholding
provides information on wage and employment growth, while sales tax collections serve as
an indicator of consumer purchasing activity. Clearly, there are dangers in relying too heavily
on tax information to forecast the economy, but this data is vital in assessing the plausibility of
the existing economic forecast, particularly for the year in progress and at or near turning
points when “realtime” data are most valuable.

ECONOMIC ADVISORY BOARD

At this point, a key component of the forecast process takes place: the Budget Director
and staff confer with a panel of economists with expertise in macroeconomic forecasting,
finance, the regional economy, and public sector economics to obtain valuable input on
current and projected economic conditions, as well as an assessment of the reasonableness
of the DOB estimates. In addition, the panel provides input on other key functions that may
impact receipts growth, including financial services compensation and the performance of
sectors of the economy difficult to capture in any model.

FORECASTING RECEIPTS

Once the economic forecast is complete, the projections are used as inputs into the
forecasts of selected revenues. Again, we combine qualitative assessments, our
econometric analysis, and expert opinions on the New York revenue structure to produce a
final receipts forecast.
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DECOMPOSING CASH COLLECTIONS

Much can be learned about the forces operating on receipts just by carefully examining
the data. Many of the revenue sections of this report contain a series of related plots termed
“component collection graphs.” The first graph in the series is the raw collections data for the
tax. The next three plot the underlying components of the series as determined by the
structural time series approach developed by Harvey.? This approach decomposes the
series into its trend, seasonal, and irregular components. In many cases, close examination
of these charts reveals important patterns and shifts in the data that suggest strategies for
modeling and forecasting. Although these graphs are not a substitute for more substantive
analysis, they represent a productive first step in evaluating the data generating process.

MODELING AND FORECASTING

The DOB receipts estimates for the major tax sources rely on a sophisticated set of
econometric models that link economic conditions to revenue generating capacity. The
models use the economic forecasts described above as inputs and are calibrated to capture
the impact of policy changes. As part of the revenue estimation process, DOB staff analyze
industry trends, tax collection experience, and other information necessary to better
understand and predict receipts activity.

For large tax sources, such as the personal income tax, receipt estimates are approached
by constructing underlying taxpayer liability and then projecting liability into future periods
based on the economic forecast generated from econometric models specifically developed
for each tax. After liability is estimated for future taxable periods, it is converted to cash
estimates on a fiscal year basis.

The Division of the Budget employs micro-simulation models to estimate future tax
liabilities for the personal income and corporate taxes. This technique starts with detailed
taxpayer information taken directly from tax returns (the data is stripped of identifying taxpayer
information) and allows for the actual computation of tax under alternative policy and
economic scenarios. The DOB simulations allow for a bottom-up estimate of tax liability for
future years as the data file of taxpayers is “grown,” based on DOB estimates of economic
growth. An advantage of this approach is it allows direct calculation of tax law changes and
the revenue impact of already enacted and proposed tax changes on future liability. As with
most of our revenue models, the simulation models require projections of the economic
variables that drive tax liability. The income tax and corporate tax simulation models
incorporate the direct effect of a policy change on taxpayers. However, the models do not
permit feedback from the taxpayer response to the macroeconomy. For large policy changes
intended to influence taxpayer behavior and trigger changes in the underlying economy,
adjustments are made outside the modeling process.® The simulation of future tax liability is
most important for the income tax, which accounts for over half of General Fund tax receipts.
The income tax simulation is discussed in greater detail later in this report.

8 See Andrew C. Harvey, Forecasting, Structural Time Series Models and the Kalman Filter. Cambridge:
Cambridge Univeristy Press, 1989.

® For examples of modeling efforts that attempt to incorporate such feedback, see Congressional Budget Office,
How CBO Analyzed the Macroeconomic Effects of the President’s Budget, July 2003.
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The Economic and Revenue Unit within the Division of the Budget (DOB) provides
projections on a wide range of economic and demographic variables. These estimates are
used in the development of State revenue projections, expenditure trending, debt capacity
analysis, and for other budget planning purposes. The Division has developed econometric
models for the U.S. and State economies that yield the forecasts needed for these purposes.

RECENT DEVELOPMENTS IN MACROECONOMIC MODELING

Macroeconomic modeling has undergone a number of important changes during the last
25 years, primarily as a result of developments in economic and econometric theory.
However, fundamental changes in the structure of the economy since the 1970s have also
led to a significant altering of the way the economy is modeled. Four related lines of
economic research have had a significant impact on the current state of macroeconomic
modeling.

The first major development was Robert Lucas’ (1976) critique of the role of expectations
in traditional macroeconomic models. If economic models did notincorporate the assumption
that agents were forward looking, then it would be unlikely that model forecasts would be
consistent with a rational response on the part of agents to a policy change, should there be
one. The result was a widespread adoption of rational expectations in macroeconomic
forecasting models. The Lucas analysis also initiated the emergence of a new generation of
econometric models explicitly based on micro-foundations. Firms and households are
assumed to make decisions based on optimization plans that are realized in the long run.

Second, Christopher Sims (1980) raised serious doubts that standard large-scale
econometric models were effective in properly identifying the behavioral relations among
agents in the economy. This critique led to a more flexible identification of the behavioral
relations among economic agents within a vector autoregression (VAR) model framework.
Unlike structural models, VAR models do not impose an a priori structure on the dynamic
relationships among economic variables.

A third development was initiated by the classic study of Nelson and Plosser (1982),
which concluded that the hypothesis of nonstationarity cannot be rejected for a wide range of
commonly used macroeconomic data series. Heuristically, nonstationarity implies the lack of
a constant mean and variance in a time series. Research surrounding the absence of
stationarity has led to a re-evaluation of what constitutes a long-run equilibrium relationship,
and prompted a revisiting of the problem of spurious regression described by Granger and
Newbold (1974). This led to a more rigorous analysis of the time series properties of
economic data and the implications of these properties for model specification and statistical
inference.

Further, nonstationarity also led to a fourth development, engendered by the work of
Engle and Granger (1987), Johansen (1991), and Phillips (1991) on the presence of long-run
equilibrium relationships among macroeconomic data series, also known as cointegration.
Although cointegrated series can deviate from their long-term trends for substantial periods,
there is always a tendency to return to their common equilibrium paths. This behavior led to
the development of a framework for dealing with nonstationary data in an econometric setting
known as the error-correction model. The error-correction framework has permitted
extensive research on how to best exploit the predictive power of cointegrating relationships.

Another area that has spawned a substantial wealth of academic research is the choice of
an optimal monetary policy. The dramatic changes in the institutional structure of financial
markets over the past 25 years have rendered the aggregate money supply a much less
tractable target than interest rates. In addition, new developments in economic theory,
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including game theory and the rational expectations hypothesis, appear to favor a rule-based
monetary policy, as opposed to a purely discretionary approach. A rule-based approach is
believed to maximize the credibility of the central bank, a key input to the effectiveness of the
policy itself. However, the desirability of this feature must be weighed against the reliability of
the information available when policy decisions are made. Perhaps the most popular
example of an interest rate-setting rule is the one proposed by John Taylor (1993) and
commonly known as Taylor’s rule. Although the debate as to which rule yields the optimal
monetary policy is ongoing, recent research by Orphanides (2003) using real-time data
indicates that Federal Reserve policy has been consistent with a “Taylor-rule framework”
almost since its inception.

BASIC FEATURES

The Division of the Budget's U.S. macroeconomic model (DOB/U.S.) incorporates the
theoretical advances described above in an econometric model used for forecasting and
policy simulation. The agents represented by the model’s behavioral equations optimize their
behavior subject to economically meaningful constraints. The model addresses the Lucas
critique by specifying an information set that is common to all economic agents, who
incorporate this information when forming their expectations. The model’s long-run
equilibrium is the solution to a dynamic optimization problem carried out by households and
firms. The model structure incorporates an error-correction framework that ensures
movement back to equilibrium in the long run.

Like the Federal Reserve Board model, the assumptions that govern the long-run
behavior of DOB/U.S. are grounded in neoclassical microeconomic foundations. Consumers
exhibit maximizing behavior over consumption and labor-supply decisions and firms
maximize profit. The model solution converges to a balanced growth path in the long run.
Consumption is determined by expected wealth; expected wealth is, in part, determined by
expected future output and interest rates. The value of investment is affected by the cost of
capital and expectations about the future path of output and inflation.

However, in addition to the microeconomic foundations which govern long-run behavior,
DOB/U.S. incorporates dynamic adjustment mechanisms which reflect that while agents are
forward-looking, they do not adjust to changes in economic conditions instantaneously.
Sources of “friction” within the economy include adjustment costs, the wage-setting process,
and persistent spending habits among consumers. The presence of such frictions delays the
adjustment of nonfinancial variables, producing periods when labor and capital deviate from
their optimal paths. The presence of such imbalances constitutes signals that are important
in the setting of wages and prices because price setters must anticipate the actions of other
agents. For example, firms set wages and prices in response to a set of expectations
concerning productivity growth, available labor, and the consumption choices of households.

In contrast to the “real” sector, the financial sector is assumed to be unaffected by frictions
due to the negligible cost of transactions and the presence of well-developed primary and
secondary markets for financial assets. This contrast between the real and financial sectors
permits monetary policy to have a short-run impact on output. Monetary policy is
administered through interest-rate manipulation via a federal funds rate policy target. Current
and anticipated changes in this rate influence agents’ expectations and the rate of return on
various financial assets.

OVERVIEW OF MODEL STRUCTURE

DOB/U.S. comprises six modules of estimating equations, forecasting well over 200
variables. The first module estimates real potential U.S. output, as measured by real U.S.
gross domestic product (GDP). The next module estimates the formation of agent
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expectations, which become inputs to blocks of estimating equations in subsequent modules.
Agent expectations play a key role in determining long-term equilibrium values of important
economic variables, such as consumption and investment, which are estimated in the third
module. A fourth module produces forecasts for variables thought to be influenced primarily
by exogenous forces but, in turn, play an important role in determining the economy’s other
major indicators. These variables, along with the long-term equilibrium values estimated in
the third module, become inputs to the core behavioral model, which comprises the fifth block
of estimating equations. The core behavioral model is the largest part of DOB/U.S. and much
of the discussion that follows focuses on this component. The final module is comprised of
satellite models that use core model variables as inputs, but do not feed back into the core.
The current estimation period for the model is the first quarter of 1965 through the third
quarter of 2004, although some data series do not have historical values for the full period.
Descriptions of each of the six modules follow below.

POTENTIAL OUTPUT AND THE OUTPUT GAP

Potential Gross Domestic Product (GDP) is one of the foundational elements of DOB/U.S.
on which the model’s long-term equilibrium values and monetary policy forecasts are based.
Potential GDP is the level of output that the economy can produce when all available
resources are being utilized at their most efficient levels. The economy can produce both
above and below this level, but when it does so for an extended period, economic agents can
expect inflation to either rise or fall, although the precise timing of that movement can depend
on a multiplicity of factors. The output gap is defined as the difference between actual and
potential output.

The Budget Division method for estimating potential GDP largely follows that of the
Congressional Budget Office (CBO) (1995, 2001). This method estimates potential GDP for
each of the four major economic sectors defined under U.S. Bureau of Economic Analysis
National Income and Product Account (NIPA) data: nonfarm business, farm, government,
and households and nonprofit institutions. The nonfarm business sector is by far the largest
sector of the U.S. economy, accounting for 77.4 percent of total GDP in 2000. A neoclassical
growth model is used to model this sector, incorporating three inputs to the production
process: labor (measured by the number of hours worked), the capital stock, and total factor
productivity. The last of these three inputs, total factor productivity, is not directly measurable.
It is estimated by substituting the actual values of hours worked and capital into a fixed
coefficient Cobb Douglas production function, where a coefficient of 0.7 is applied to labor
and 0.3 is applied to capital and all values are in logarithms. Total factor productivity is the
residual resulting from a subtraction of the log value of output accounted for by labor and
capital from the historical log value of output.

Each of the inputs to private nonfarm business production is assumed to contain a
component that varies with the business cycle and a long-term trend component that tracks
the evolution of economy’s capacity to produce. Inputs are adjusted to their “potential” levels
by estimating and then removing the cyclical component from the data series. The cyclical
component is assumed to be reflected in the deviation of the actual unemployment rate from
what economists define as the nonaccelerating inflation rate of unemployment, or NAIRU.
When the unemployment rate falls below the NAIRU, indicating a tight labor market, the stage
is set for higher wage growth and, in turn, higher inflation. An unemployment rate above the
NAIRU has the opposite effect. Estimation of the long-term trend component presumes that
the “potential” level of an input grows smoothly over time, but rather than assuming a fixed
growth rate, the growth rate is allowed to rise or fall at business cycle peaks as dictated by the
data. Once the models are estimated, the potential level is defined as the fitted values from
the regression, where the unemployment rate deviations from the NAIRU are set equal to
zero. This same method is applied to all three of the major inputs to private nonfarm
business production.
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To obtain a measure of potential private nonfarm business GDP, the potential levels of
the three production inputs are substituted back into the production function where hours
worked, capital, and total factor productivity are given coefficients of 0.7, 0.3, and 1.0,
respectively. Forthe other three sectors of the economy, the cyclical component is removed
directly from the series itself in accordance with a variant of the regression method used to
estimate the potential levels of the inputs to private nonfarm business production. Nominal
potential measures for the four sectors are also estimated by multiplying the chained dollar
estimates by the implicit price deflators based on actual historical data for each quarter. The
estimates for the four sectors are then “Fisher” added together to yield an estimate for total
potential real U.S. GDP." Figure 1 compares the DOB construction of potential GDP to
actual.

Figure 1

Potential GDP vs. Actual
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Source: Economy.com; DOB staff estimates.

EXPECTATIONS FORMATION

Few important macroeconomic relationships are free from the influence of expectations.
When examining behavioral relationships in a full macroeconomic model, the general
characteristics and policy implications of that model will depend upon precisely how
expectations are formed.

Rational and Adaptive Expectations

Expectations play an important role in DOB/U.S. in the determination of consumer and
firm behavior. For example, when deciding expenditure levels, consumers will take a
long-term view of their income prospects. Thus, when deciding how much to spend in a
given period, they consider not only their income in that period, but also their lifetime or
“permanentincome,” as per the “life cycle” or “permanentincome” hypotheses put forward by
Friedman (1957) and others. In estimating their permanent incomes, consumers are
assumed to use all the information available to them at the time they make purchases.

10 Throughout DOB/U.S., aggregates of chained dollar estimates are calculated by Fisher adding the component
series. Similarly, components of chained dollar estimates constructed by DOB, such as noncomputer
nonresidential fixed investment and nonoil imports, are calculated using Fisher subtraction.
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Producers are also are assumed to be forward-looking, basing their decisions on their
expectations of future prices, interest rates, and output. However, since both households and
firms experience costs associated with adjusting their long-term expenditure plans, both are
assumed to exhibit a degree of behavioral inertia, making adjustments only gradually.

DOB/U.S. assumes that all economic agents form their expectations “rationally,” meaning
all available information is used, and expectations are correct, on average, over the
long-term. More formally, the expectation of a variable Y attime ¢, Y;, formed at period t-1, is
the statistical expectation of Y; based on all available information at time t-7. However,
because of the empirical finding that agents adjust their expectations only gradually,
expectations in DOB/U.S. are assumed to have an “adaptive” component as well. We
therefore include the term, o Y:s, where o is hypothesized to be between zero and one.
Consistent with rational expectations theory, it is assumed that agents’ long-run average
forecast error is zero. This “hybrid” specification is inspired by Roberts (2001), Rudd and
Whelan (2003), Sims (2003), and others who find that the notions of adaptive and rational
expectations should not be viewed as mutually exclusive, particularly in light of the high
information costs associated with forecasting. Moreover, given the empirical importance of
lags in forecasting inflation, as well as other economic variables, it cannot be said that
“price-stickiness” is model-inconsistent.

While the importance of expectations in forecasting is now well established, their
specification continues to challenge model builders. DOB/U.S. estimates agent expectations
in two stages. First, measures of expectations pertaining to three key economic variables are
estimated within a vector autoregressive framework. These expectations become part of an
information set that is shared by all agents who then use them, in turn, to form expectations
over variables that are specific to a particular subset of agents, such as households and firms.
Details of this process are presented below.

Shared Expectations

All agents in DOB/U.S. use a common information set to form expectations. This set
consists of three key macroeconomic variables: inflation as represented by the GDP price
deflator, the percentage output gap, and the federal funds rate. The percentage outputgap is
defined as actual real GDP minus potential real GDP, divided by actual real GDP. The
variables are estimated within a VAR framework, with the federal funds rate and the GDP
inflation rate in first-difference form (see Table 1).

The long-run values of the three variables are constrained by “endpoint” conditions.
Two of these restrictions are represented by the first two terms on the right-hand side in
Table 1. For inflation, the terminal constraint is the ten-year inflation rate expectation, as
measured by survey data developed by the Federal Reserve Bank of Philadelphia. The
endpoint condition for the federal funds rate is computed from forward rates. The
assumption that the percentage output gap becomes zero in the long run is implied and
need not appear explicitly in the equations. An important feature of the endpoint
restrictions for the federal funds rate and inflation is that they are not fixed. Should the
public alter its expectations in response to economic developments, such as a shift in
monetary policy, these changes are captured and then fed into the rest of the model.
Figure 2 illustrates how the three variables that comprise shared expectations converge to
their long-term equilibrium values over time.

11
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Table 1
Historical VAR Model

Federal Funds Rate (r)

Ar,=-0.0832(rr..) +0.0313 (7-7..) + 0122 Aryq - 0354 Are_p + 0129 Ares + 001524r .4

t  (0.0425) -1 (0.0692) t-1 (0.0849) (0.0849) (0. (0.0805)
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GDP Deflator (r)
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(0.108) (0.103 (0.0963) (0.0830)  t-4
+0.0859 y  +0. 0145 Py 0.0835y - 0.0229y
(0.114) ~ t=1 (0.167) "t=2 (0.163) " t-3 (0.114)  t-4
Percentage Output Gap ()
¥ =-0.0393 (r—r., ) —O 0485(7-r .. ) + 0.109 Ar - 0.314 4r + 0.0779 Ar - 0.0985 Ar
t (0.0352) -1 (0.0572) (0.0703) t-1  (po702) 12 (0.0708) -3  (0.0666) t-4
+ 0.137 Axr  + 0120 Ax + 0.0444 Ar + 0.00889 Arx
(0.0741)  t-1 (0.0710)  t-2  (0.0660) -3  (0.0569) t-4
+ 1.153 — 0.0244 - 0.195 - 0.00411
(0.0782);4—1 (0.115)}[#2 (0.112)lt—3 (0.0785) Y4

Note: The subscript'«'is used to indicate the end-point condition.
For the percentage output gap, the end-point condition stipulates a long-run value of zero.

Agent-Specific Expectations

The common information set is augmented by expectations pertaining to agents in
specific sectors. For example, households base their consumption decisions on the expected
lifetime accumulation of income and wealth. Therefore, the household-specific information
set includes expectations over the components of real disposable personal income and
after-tax values of securities- and nonsecurities-related wealth. Similarly, the firm sector-
specific information set includes expectations over the relative prices of investment goods.

LONG-TERM EQUILIBRIUM DETERMINATION

The economy’s long-term equilibrium is derived from a set of conditions that result from
the optimizing behavior of economic agents, without regard for short-term adjustment costs.
In the case of equilibrium consumption, households are assumed to be utility maximizers
subject to a lifetime income constraint. Firms are assumed to maximize profits subject to a
constant return to scale production function, and are assumed to exhibit price taking behavior.

Equilibrium Consumption

In the household sector, optimizing behavior is based on a life-cycle model in which
consumers maximize the present discounted value of their expected lifetime ultility.
Risk-averse consumers who have unconstrained access to capital markets will tend to
smooth their consumption spending over time, by borrowing, saving, or dissaving as
circumstances demand, based on an estimate of expected future lifetime resources
commonly referred to as “permanent income.” Expected permanent income is comprised of
the present discounted value of current and future real disposable income plus the value of
household wealth. In DOB/U.S., the expected value of household permanent income for

12
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each quarter in the forecast period is approximated by a relatively stable share of expected
potential GDP plus expected values for securities-related and nonsecurities-related wealth.
The expected values for all of the components of permanent income are determined in the
agent-specific expectations module.

Real disposable income is comprised of several income sources, including labor income,
property income (including income from interest and dividends), and transfer income. For
relatively young working-age household members, labor income will constitute a large share
of permanent income, whereas for those in retirement, property and transfer income will
predominate. Therefore, the precise composition of aggregate permanent income at any
given pointin time will depend on the age profile of the U.S. household population. Since this
age profile varies over time, the various components of permanent income enter the equation
for long-term equilibrium consumption separately. In addition, this equation includes the
current and lagged value of the output gap, capturing the notion that the rate at which
households discount future income may depend on household perceptions of income risk,
which in turn is assumed to vary with the business cycle. In DOB/U.S., the variation in long-
term equilibrium consumption is assumed to be best approximated by the variation in those
components of total consumption that tend not to exhibit extreme volatility over the course of
the business cycle, namely services and nondurable goods."

Equilibrium Investment in Producer Durable Equipment

Between 1992 and 2000, nonresidential investment in producer durable equipment and
software grew at an average annual rate of 11.5 percent. At the time, most econometric
models failed to capture this persistent and significant growth. Tevlin and Whelan (2000)
postulate two reasons as to why so many failed to capture the late 1990s investment boom.
First, the average depreciation rate for producer durable equipment increased dramatically
as computers grew as a share of the total. The rapid rate of advancement in digital
technology rendered computer and related equipment obsolete in just a few years. Indeed,
the depreciation rate for computers and related equipment is more than twice the rate for
other equipment.” Secondly, investment became more sensitive to the user cost of capital.
In order to address these problems, DOB/U.S. estimates investment in computer equipment
separately from the remainder of producer durable equipment.”® Figure 2 compares the
growth in the two investment components since 1990.

Profit maximizing behavior dictates that the long-term rate of equilibrium investment is the
rate of investment that maintains the optimum capital-output ratio. Assuming a standard
Cobb-Douglas production function, the optimal capital-output ratio will be proportional to the
ratio of the price of output to the rental rate of capital. This relationship holds for both types of
producer durable equipment. Given this optimal ratio, desired growth in investment varies
with output growth and changes in the rental rate of capital.

For each type of equipment, the rental rate of capital is defined as its purchase price,
represented by the implicit price deflator, multiplied by the sum of the financial cost of capital
and the rate of depreciation. The financial cost of capital, a measure of the cost of borrowing
in equity and debt markets, is estimated by giving equal weight to an estimate of the after-tax
cost of equity and the yield on Moody’s Baa-rated corporate bonds." Different rates of
depreciation are used for computer and noncomputer equipment.

" A “fisher addition” of nondurable and services consumption produces the noncyclical component of total
consumption.

'2 See Fraumeni (1997).

'3 The brisk growth of computer equipment as a share of total producer durable equipment may represent in
part an error in the data. Chain-weighting tends to overestimate real quantities when prices fall as quickly as
those of computers and related equipment.

" The series that estimates the after-tax cost of borrowing in the equity market is created by Global Insight.
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Figure 2
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Equilibrium Prices, Productivity, Wages, and Hours Worked

In equilibrium, the price level is determined by the neoclassical model condition that price
equals marginal cost. Long-run productivity growth is determined by a time series model
reflecting the belief that its own recent history is the best predictor of future growth. Long-term
equilibrium nominal wage growth is determined by the sum of trend productivity growth and
the long-term expected rate of inflation. The desired level of man-hours worked is
constructed by dividing potential real GDP by trend labor productivity.

EXOGENOUS VARIABLES

There are many economic variables for which economic theory provides little or no
guidance as to either their long-term or short-term behavior. The exogenous variable module
estimates future values for over 30 such variables, whose inputs are variables from the
shared information set and autoregressive terms. Although a few exogenous variables
become inputs to the behavioral equations within the core behavioral module, most are
incorporated into identity equations defined to arrive at NIPA concepts.

THE CORE BEHAVIORAL MODULE

The core behavioral module contains 118 estimating equations, of which 33 are
behavioral. The behavioral equations summarize the behavior of representative agents
acting with foresight to achieve optimal outcomes in the presence of constraints. In the
economy’s real sector, the movement toward equilibrium is hampered, in the short run, by
adjustment costs. Through the dynamic adjustment process, agents plan to close the gap
between the current level of the variable in question and the desired level. The magnitude of
an adjustment made by agents during any given period is based on the size of the gap, past
values of the variable, and past and expected values of other variables that may affect
agents’ decisions.

14
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In the financial sector, agents are assumed to adjust instantaneously when new
information becomes available. Therefore, the equations for this sector do not contain any
dynamic adjustment terms. The core behavioral module is composed of five sectors:
households, firms, government, the financial sector, and the foreign sector. Each is
described below.

The Household Sector

The main decision variables for households are consumption, housing investment, and
labor supply. Following the Federal Reserve Board's methodology, DOB/U.S. assumes the
existence of two groups of consumers. The larger class consists of forward-looking utility
maximizing consumers whose consumption decisions are constrained by their permanent
incomes as defined above. Implicit in the model is the recognition that this group of
households is heterogeneous, representing various stages of the life-cycle. The second
group is comprised of low-income households, who are assumed to base their consumption
decisions on current-period income rather than permanent income. Such behavior may arise
because of credit market constraints that prevent these households from borrowing for the
purpose of smoothing their spending over time. Consequently, such households are referred
to as “liquidity constrained.”

The four equations for the household sector incorporate expectations from either the
shared information set VAR model or the agent-specific information set. The agent-specific
information set for the household sector contains the expected value of wage and nonwage
income, as well as the expected value of household wealth. The behavioral equations for the
household sector balance the theoretically appealing notion of a long-term equilibrium with
the empirically observed phenomenon of habit persistence. The equations for the
determination of cyclical consumption, noncyclical consumption, and housing investment
appear in Table 2. Brief descriptions of the equations follow:

Consumption

Consumption is divided into cyclical (durable goods) and noncyclical components
(services and nondurables), since these two components tend to exhibit significantly different
growth rates over the course of a business cycle (see Figure 3). Noncyclical consumption is
estimated using first differences of the logs of the data within a polynomial adjustment cost
framework. The equation contains an “error-correction” term that captures the tendency
toward equilibrium, a lagged dependent variable that captures the partial adjustment effects
of habit persistence, forward expectations of both desired noncyclical consumption and the
output gap, and real income. The latter term captures the behavior of liquidity-constrained
households. The specification for cyclical consumption is very similar to the noncyclical
consumption specification, except for the exclusion of the second expectations term and the
inclusion of potential GDP and an interest rate, which captures the fact that many consumer
durables, such as automobiles and large appliances, are purchased on credit.

Residential Fixed Investment

Residential investment by households is estimated using a dynamic adjustment equation.
It is assumed that households adjust their rate of housing investment in accordance with a
long-term equilibrium relation between desired noncyclical consumption and housing
services. Two cost variables are also included in order to capture features of both supply and
demand in the housing market. Thus, the equation contains desired consumption divided by
current housing investment, a lagged endogenous variable to capture habit persistence,
forward-looking expectations of desired consumption, the mortgage rate, the price deflator
for residential investment, and the real average price of one-family homes sold.
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Table 2
Household Sector: Real Consumption and Residential Investment

Noncyclical Consumption
5
AInC1;= 0.00469 + > EZQC;,.;+0.0790 (InQC-InC1);.1+ 0.183 AInC1;.1 + 0.130 (AInY;-
(0.000632) —q (0.0363) (0.0670) (0.0308)
5 5
EzZQC + 0.0607 3 EZGAP,, _+ 0.0469AInY;.3—- 0.0109 D1980Q2
Eo tee) (0.0117)50 t+T " (0.0287) -3 (0.00329) t
Adjusted R2 = 0.445

Cyclical Consumption

5
AInC2¢= Y EZQCt,+7+0.00575 (INQC-InC2);.1-0.383 AINC2.1+0.571AInY;
=0 (0.00111) (0.0653) (0.210)
- 0.00517 Ar;.4 + 0.312 AInINVH; - 0.109 D1970Q4; - 0.0992 D1974Q4;
(0.00171) (0.0454) (0.0226) (0.0225)

- 0.0952 D1980Q2; - 0.0567 D1981Q4, - 0.0890 D1987Q1;+0.0735 D2001Q4;
(0.0233) (0.0227) (0.0222) (0.0226)
Adjusted R? = 0.545

Residential Fixed Investment
5
AINVH¢= -13.2+ % EZQCtyr+ 1.11 (QC/ INVH);1 +0.573 INVH,_,
(4.92) =o (0.370) (0.0557)
-299 APIH; -215ARM ¢ +0.392A PSH ; +0.0420AY ;
(148) (1.35) (0.174) (0.0146)
+25.4 D1980Q2Q3Q4; +31.7 D1976Q4; + 28.1D1977Q2;
(4.67) (7.87) (7.90)

Adjusted R? = 0.569

C1 Real noncyclical consumption
Cc2 Real cyclical consumption
QC Desired real noncyclical consumption
Y Real disposable personal income
EZQC Expected desired noncyclical consumption
EZGAP Expected potential GDP gap.
POTGDP Potential real GDP
r Federal funds rate
INVH Residential fixed investment
PIH Price deflator for residential investment
RM Mortgage rate
PSH Real new home price

Labor Supply

Households must make decisions about how much labor they supply to the labor market.
In DOB/U.S., the behavioral equation which determines the first difference of the labor force
participation rate includes its own lags; real GDP lagged three quarters; a dummy variable
capturing the influx of women into the labor market in the sixties, seventies, and eighties; and
dummy variables capturing the extraordinary increases in hiring in the first quarters of 1990
and 2000 for enumerations of the decennial censuses. The labor supply is then determined
by multiplying the labor force participation rate by an estimate of the working-age population
(ages 16 through 64).
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Figure 3
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The Firm Sector

DOB/U.S. incorporates the assumption that firms set their prices and levels of factor
inputs used in production to maximize profits. This sector determines the levels of the two
components of nonresidential fixed investment, private nonresidential structures, labor
demand, real wages, and output prices. Like the behavioral equations describing the
household sector, several of the firm sector equations incorporate both error-correction terms
to capture the impact of long-term equilibrium relationships and dynamic adjustment terms to
capture firm-level adjustment costs. The behavioral equations for investment in
computer-related producer durable equipment, all other producer durable equipment, and
nonresidential structures appear in Table 3.

Nonresidential Investment

DOB/U.S. estimates three categories of nonresidential investment: investment in
computer-related producer durable equipment and software, investment in all other
equipment, and investment in nonresidential structures. The estimating equations for
investment in computer and related equipment and all other equipment are virtually identical.
Both equations contain an error-correction term, defined as a lag difference between
equilibrium and current investment, an autoregressive term, forward expectations of
equilibrium investment, and the appropriate rental rate of capital, as defined above. Longer
lags yield a superior fit in the equation for noncomputer equipment due to its relatively low
depreciation rate. In addition, the computer equipment equation contains the first difference
in potential GDP growth and a dummy variable to capture the large decline in investment
during the second and third quarters of 2001. The equation for noncomputer equipment
contains the current period value for the output gap. Investment in nonresidential structures
is determined by its own rental rate, real U.S. GDP growth, as well as its own past values and
dummy variables.
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Table 3
Firm Sector: Nonresidential Fixed Investment
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AlnlS; = 0.240 AlInIS;_4 + 0.222 AlInlS;_, + 0.643 AInGDF, — 0.174 AInRRS; 5 +0. 201 AlnRRG;
(0.0668) (0.0666) (0.174) (0.0715) (0.134)

—0.0999 D1886Q2 - 0. 104 D2001Q4 + 0. 0690 D1978Q2
(0.0228) (0.0225) (0.0235)

Adjusted R? = 0.425

ICO Nonres. fixed investment — computer and related equipment

EQICO Expected desired computer investment

QICO Desired computer investment — durable equipment

POTGDP Potential GDP

RRC Rental rate — computers

Y2KD Post-Y2K dummy for 2001

AR1 First-order autocorrelation correction

IEXCO Nonres. fixed investment — durable equip. excl. computers
EQIEXCO Expected future desired investment — durable equip. excl. computers
QIEXCO Desired investment — durable equip. excl. computers

GDPGAP Percent real GDP gap

RRO Rental rate of capital — other durable equipment

AR3 Third-order autocorrelation correction

1S Nonres. fixed investment — structures

GDP Real GDP

RRS Rental rate — structures

D1986Q2 Dummy for Tax Reform Act of 1986

D2001Q4 Dummy for retroactive provision of Job Creation and Worker Assistance Act of 2002

Labor Demand: Hours Worked and Employment

In DOB/U.S., the level of national employment is determined by estimating equations for
the number of hours worked and the length of the average work week, which together
capture the nonfarm private business sector’'s demand for labor. Total employment, in turn,
affects the movements of many other economic variables, such as output, wages,
consumption, and inflation. Hours worked are estimated using a dynamic adjustment
equation thatincludes an error-correction term composed of the difference between long-term
equilibrium hours and actual hours, real U.S. GDP growth, the expected one-period-ahead
value of the output gap, and dummy variables.

The estimating equation for the average length of the workweek in the private nonfarm
business sector also contains an error-correction term and the expected one-period-ahead
value of the output gap. In addition, the model includes growth in real private nonfarm
business GDP and dummy variables. The level of total private nonfarm employment is
determined by dividing hours worked by the average length of the workweek multiplied by the
number of weeks in a year.
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The Wage Rate

The average hourly wage rate is defined as total private employee compensation (cash
wages and salaries plus additional costs such as medical insurance premiums and employer
contributions for social insurance) divided by hours worked. The long-run equilibrium growth
in the wage rate is assumed to depend on trend productivity growth and the inflation rate,
where inflation is measured by the private nonfarm chain-weighted GDP deflator and
productivity is private nonfarm output divided by hours worked adjusted to remove the effects
of the business cycle. Thus, the equilibrium wage rate at time tis its value at time -7 plus the
sum of the growth rates for productivity and inflation. The actual quarterly wage rate is
modeled in an error correction framework but contains additional lags capturing the presence
of “wage-stickiness.” The model also includes the expected one-period-ahead value of the
output gap to capture the impact of forward looking behavior on the speed of adjustment
toward equilibrium.

Output Prices

The price level is represented by the private nonfarm chain-weighted GDP deflator. Its
growth is modeled within a dynamic adjustment framework in which the price level adjusts
gradually from its current level to its long-term equilibrium value. The model also includes the
expected one- and two-period-ahead values of the output gap, again to capture the impact of
forward looking behavior on the speed of adjustment toward equilibrium. In addition, the
model contains the petroleum products component of the Producer Price Index (PPI) to
capture the impact of wholesale energy prices, as well as dummy variables to capture the
impact of the 1970s oil shocks above and beyond what is captured by the PPI.

The Government Sector

Monetary policy affects economic and financial decisions made by agents in the
economy. The objective of monetary policy is to stabilize the economy’s performance — as
reflected in the behavior of inflation, output, and employment — by balancing the twin goals of
sustainable growth and price stability. This is accomplished by raising or lowering short-term
interest rates through changes in the central bank’s target federal funds rate in a manner that
is consistent with Taylor's rule. Taylor’s rule is a federal funds rate reaction function that
responds to the deviation of inflation from its long-term target level and to the deviation of
output growth from its potential level. As such, Taylor's rule approximates the way the
Federal Reserve has historically conducted monetary policy, particularly when the classic rule
is augmented by expectations over future inflation and output (see Figure 4). However, the
rule also yields a “normative prescription” for the direction of future policy.™

"% See Woodford (2002), p. 39.
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Figure 4
Federal Funds Rate vs. Rate Implied by Taylor's Rule
10
— Federal Funds Rate
8 1 --- Taylor's Rule C
6 -
4 -
2 -
0 T T T T T T T T T T T /x Y T “‘ T
1990 1992 1994 1996 1998 2000 2002 ‘}‘j 2004
2 -

Note: Shaded areas represent U.S. recessions.
Source: Economy.com; DOB staff estimates.

Taylor’s rule has several desirable features. First, it is formulated in terms of the federal
funds rate, a measure of inflation, and the output gap. Thus, the rule posits a direct
relationship between the Federal Reserve’s primary policy instrument and the two indicators
most important in judging the success of the central bank’s stabilization policy. No reference
to intermediate targets is necessary, greatly increasing the rule’s appeal to policy makers.
Second, the rule possesses the simplicity of a linear relationship. Finally, although Taylor's
rule represents an empirical relationship, it has also been demonstrated to possess desirable
theoretical properties as well. For example, Taylor’s rule leads to a determinate rational-
expectations equilibrium that is robust to the introduction of a plausible dynamic learming
process.

Within DOB/U.S., monetary policy is administered through a modified version of Taylor’s
classic monetary rule. We assume the Federal Reserve Board (FRB) weighs deviations from
its inflation target about twice as heavily as deviations from its output growth target, so the
inflation deviation has a weight of 1 while output-growth deviation has a weight of 0.5. In
addition, the contemporaneous value of inflation is replaced by an average of actual inflation
for the past three quarters and expected inflation for both the current quarter and the quarter
ahead. A similar modification is made to the output growth term. Hence, this modified
specification operationalizes the requirement that the central bank be able to project the effect
of its policy alternatives on the output gap and inflation and that its policy choice be consistent
with that projection. The DOB/U.S. specification of Taylor’s rule appears in Table 4.
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Table 4
Monetary Policy — Taylor’s Rule
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r Federal funds market rate 9 GDP growth rate
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T Average GDP inflation gr GDP target growth rate

T GDP inflation
T Inflation target
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Real rate of interest

DOB/U.S. also contains equations that estimate the contribution to GDP from Federal,
state and local governments. Spending by both the Federal government and state and local
governments depend on the revenues they collect. Although government revenues come
from various taxes — the personal income tax, the sales tax, corporate taxes, and various
fees — we find that personal income tax revenues act as an adequate proxy for revenues
from all these sources. Since the components of personal income grow at varying rates, the
models for both Federal and state and local revenues include these components separately,
as well as effective tax rates. All government sector variables are modeled in first-
differenced-logarithmic form.

Since government receipts are only available in nominal terms, final demand by the
government sector is modeled in nominal terms as well. Real spending is calculated by
deflating these nominal values by the appropriate price deflators. Since governments
determine their budgets before they know how much revenue they will collect, they do not
adjust quickly to current revenue shocks. In addition, Federal government spending is not
constrained in the short run by contemporaneous-year revenues. Therefore, government
spending models include past revenues with lags up to seven quarters, as well as the current
period nonfarm GDP price deflator. Federal government spending model also includes the
percentage GDP gap, capturing the countercyclicality of spending. Since most of state and
local government contribution to final demand is comprised of employee compensation, the
spending model also includes government employment.

In addition, DOB/U.S. estimates the impact of changes in fiscal policy on the
macroeconomy. Since the primary determinant of consumer spending is households’
long-term expectation for disposable income, modeling fiscal policy impacts plays an
important role in forecasting household consumption when there is a policy change, as there
was in 2001 and 2003. For this purpose, DOB/U.S. combines the most recent Joint
Committee on Taxation and Congressional Budget Office estimates where available with
results from the Current Expenditure Survey data, disaggregated by income level, to estimate
how much of the change in disposable income will affect consumption.

The Financial Sector

The financial sector of DOB/U.S. is sub-divided into two blocks of equations: one
determining equity prices and the other determining interest rates. Many analysts believe that
short-run changes in stock market prices follow a random walk and therefore it is impossible
to forecast the day-to-day movements of individual stocks with any accuracy. However,
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long-run movements in price indices of large groups of stocks appear to move systematically
with other economic variables. Much of the variation in the growth of the Standard & Poor’s
500 price index can be explained by the contemporaneous and expected growth of pre-tax
corporate profits after normalizing by the interest rate on Baa corporate bonds. Alead termis
added to capture the influence of profit expectations on investors’ decisions to buy and sell
equities, and, consequently, on stock prices.

In addition to the federal funds rate, which is modeled based on Taylor’s Rule, DOB/U.S.
contains models for six interest rates: the three-month, one-year, five-year, and ten-year U.S.
Treasury securities rates, as well as the Baa corporate bond rate and the 30-year
conventional mortgage rate. These equations are specified within an error-correction model
framework based on the expectations theory of the term structure of interest rates, which
posits that the yield on the long-term bond equals the expected yield on a series of short-term
bonds over the life of the long-term bond, plus term and risk premiums. The theory implies
that the rate on 1-year government bonds can be used to explain the rate on five-year bonds,
which, in turn, is used to explain the rate on bonds of longer maturities. Although the term and
risk premiums are not explicitly captured in the estimated model, theirimpacts are embodied
in the estimated coefficients. A real GDP gap term is added to most of the equations to
capture the impact of expected (future) inflationary pressures on current yield curve.

The Foreign Sector

Real U.S. exports are determined by the level of foreign economic activity, as measured
by an estimate of the growth rate of global GDP, and U.S. export prices relative to foreign
prices. Real imports are divided into non-oil and oil goods and services. Non-oil imports are
a function of real domestic demand and the ratio of import prices to domestic prices. Oil
imports are a function of real domestic demand, as well as oil prices relative to domestic
prices. Both imports and exports equations contain additional dummy variables to capture
one-time shocks, such as the September 11 terrorist attacks and the oil shock of 1970s.

SATELLITE MODELS

Sectoral Employment

Total employment is disaggregated into 20 industrial sectors based on NAICS. Individual
equations incorporate “structural” variables that are forecast in prior modules, such as hours
worked, real GDP, real personal income, the S&P 500 Stock Index adjusted for inflation,
interest rates, and demographic variables. The general approach is to estimate an error
correction model (ECM), and if the level variables in the ECM are not significant, thento use a
model in log differences. Some of the sectors are modeled in fourth differences to remove
seasonality. In order to capture seasonality in those that were modeled in first differences, we
add time-variant seasonal dummy variables, which are constructed using Census X11
procedure.

Other Prices

The nonfarm private GDP deflator and other deflators from the core model are used to
forecast several implicit price deflators for consumption, as well as the overall Consumer
Price Index (CPI) and some of its components. The Producer Price Index (PPI) for refined
petroleum products and other implicit price deflators for consumption are used to forecast
several components of PPI.
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Other Interest Rates and the Wilshire 5000

DOB/U.S. also estimates eight additional interest rates, including commercial paper rates,
Treasury bond rates, state and local municipal bond rates, LIBOR (London Interbank Offered
Overnight Rate) rates, and mortgage rates. These rates are estimated in single-equation
models using variables from the core model as inputs. The Wilshire 5000 stock price index is
estimated using the S&P 500 stock price index as an explanatory variable.

Miscellaneous Variables
Many miscellaneous variables are forecast using variables from all the models discussed

above, as well as the New York model. Forecasts of these miscellaneous variables are
based on single-equation models.
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The Division of the Budget’'s macroeconomic model for New York State attempts to
capture the fundamental linkages between the New York and national economies. As with all
states, New York’s economy depends on economic developments in the U.S. economy,
usually expanding when the national economy is growing and contracting when the nation is
in recession. However, this relationship is neither simple nor static. The growth rate of the
State economy can vary substantially from that of the national economy. For example, during
the early 1990s, the State was in recession noticeably earlier than the nation and came out of
recession significantly later. In contrast, during the early 1980’s recession, the State
economy fared better than the nation.

In the absence of an official mechanism for dating business cycles at the sub-national
level, DOB staff constructed a New York State Index of Coincident Economic Indicators
measuring overall economic conditions for New York."® The methodology used to construct
the index is based on Stock and Watson (1991) and rests on the notion that co-movements in
many macroeconomic time series can be captured by a single unobserved variable
representing the overall state of the economy."” Four State data series — private sector
employment, hours worked in the manufacturing sector, the unemployment rate, and sales
tax receipts (as a proxy for retail sales) — are combined into a single index using the Kalman
filter, a common approach to the estimation of unobserved variables. Based on the DOB
Coincident Index, five business cycles have been identified for New York since the early
1970s, as reported in the table below. A recession is judged to have begun if the DOB
Coincident Index sustains three to five consecutive declines of significant depth. A similar
approach is used to date business cycle troughs. Figure 5 compares the lengths of the
State’s recessions as determined by the DOB methodology with those of the nation as
defined by the NBER Business Cycle Dating Committee.

Figure 5

Index of Coincident Economic Indicators
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Source: Economy.com; DOB staff estimates.

16 Megna, Robert and Qiang Xu (2003). “Forecasting the New York State Economy: The Coincident and
Leading Indicators Approach,” International Journal of Forecasting, Vol. 19, pp. 701-713.

7 Stock, James .H., and Mark .W. Watson (1991). “A Probability Model of the Coincident Economic Indicators,”
in K. Lahiri and G. H. Moore (eds.), Leading Economic Indicators: New Approaches and Forecasting Records,
New York: Cambridge University Press, pp. 63-85.
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In order to gauge the future direction of the State economy, the Budget Division produces
the New York State Index of Leading Economic Indicators, which yields a forecast for the
Coincident Index up to 12 months ahead. The forecasting model includes the following five
leading economic variables in a vector autoregressive framework: the U.S. Index of Leading
Economic Indicators (excluding stock prices and the interest rate spread), New York housing
permits, New York initial unemployment insurance claims, stock prices, and the spread
between the ten-year and one-year U.S. Treasury rates. The leading index often provides an
early signal that the State economy is approaching a turning point and often gives guidance
as to how to evaluate, and possibly adjust, a model forecast.

NEW YORK STATE BUSINESS CYCLES

Recession

Length Private Sector
Peak Date Trough Date (in months) Job Losses
October 1973 November 1975 25 384,800
February 1980 September 1980 7 54,800
August 1981 February 1983 18 76,600
June 1989 November 1992 41 551,700
December 2000  August 2003 32 327,300

Source: DOB staff estimates.

The DOB macroeconomic model for the State (DOB/N.Y.) quantifies the linkages
between the national and State economies within an econometric framework that specifically
identifies the unique aspects of economic conditions in New York. DOB/N.Y. is a structural
time-series model, with most of the exogenous variables derived from DOB/U.S. In general,
the long-run equilibrium relationships between State and national economic variables are
captured using cointegration/error correction specifications, while the State’s unique
dynamics are modeled within a restricted VAR (RVAR) framework.®

MODEL STRUCTURE

DOB/N.Y. has six major components: a nonfarm payroll employment module, a real
nonbonus average wage module, a bonus payment module, a nonwage income module, a
price module, and an unemployment rate module. Because the state-level wage data
published by BEA have proven unsatisfactory for the purpose of forecasting State personal
income tax liability, the Budget Division constructs its own wage and personal income series
based on Covered Employment and Wage data, also known as the ES 202 data. Moreover,
because of the importance of trends in variable income — composed of bonus and stock
options income — to the understanding of trends in State wages overall, the Budget Division
has developed a methodology described below for decomposing its wage series into bonus
and nonbonus wages.

EMPLOYMENT

New York employment is disaggregated into 15 industrial sectors, parallel to DOB/U.S.
DOB/N.Y. is an “open economy” model with most production factors and outputs free to
move across the State’s borders. The relationship between the national economy and New
York employment is captured through two channels. First, for those sectors where rates of
State and national employment growth are significantly related, the national growth rate is

'® Because the number of parameters to be estimated within an unrestricted VAR framework is often very large,
the model can be expected to be unstable. To address this concern, those parameters found to be insignificant
at the 5 percent level are constrained to equal zero. The resulting RVAR model is both more parsimonious and
more stable.
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specified as an exogenous variable in the equation. Second, overall U.S. economic
conditions, as measured by the growth of real U.S. GDP, are included directly in the
employment equations for some sectors and are allowed to influence employment of other
sectors through the VAR relationships.

For 13 industrial sectors, New York’s unique employment growth pattern is captured
within an RVAR setting where the impact of one sector upon another is explicitly modeled.
The choice as to which sectors to include on the right-hand side of a sectoral equation in the
RVAR model is based on the results of an initial unrestricted VAR estimation. In the final
RVAR specification, only those sectors that are well explained by the movements of other
sectors are included in the final VAR model. Table 5 is an example of the sector
employment.

Table 5
Manufacturing Employment

AINE39, = -0.00367+0.00782 AINE23, , + 0.787 AINEUS39, — 0.0150 DQ1, +0.00846 DQ2,
(0.00111)  (0.00680) (0.0354) (0.00208) (0.00187)

Adjusted R? =0.940

E39 Manufacturing employment

E23 Construction employment

EUS39 National manufacturing employment
DQi Seasonal dummy for quarter i

The two remaining industrial sectors are estimated individually. These equations are
specified as autoregressive models, with a corresponding national employment term included
in each equation as an exogenous variable.

BONUS AND STOCK INCENTIVE PAYMENTS

Total New York State wages are composed of two components: a base wage
component which is relatively uniformly distributed over the course of the firm’s fiscal year,
and a more variable component comprised primarily of bonus payments and income derived
from the exercise of employee stock options and other one-time payments. There are
several reasons why the variable component of wages is modeled separately. First, bonuses
have grown substantially in the 1990s as a proportion of total wages. The two factors most
responsible for this strong growth are the robust performance of securities industry profits
during that period and the shift in the corporate wage structure away from fixed pay and
toward performance-based bonuses. Second, bonus payments play a significant role in the
forecast of State government finances, since they tend to be concentrated among
high-income taxpayers and, therefore, are taxed at the top income tax rate. Further, the
timing of bonus payments affects the pattern of wage payments and consequently the State’s
cash flow. Tax collections from wages usually peak during December, January, and
February, corresponding to the timing of bonus payments. Finally, because they are
performance-based, bonus payments display a very different growth pattern from nonbonus
average wages in that they tend to be much more volatile.

No government agency collects data on variable income as distinct from ordinary wages;
therefore, it must be estimated. The Division of the Budget derives its estimate of bonuses
from firm-level data as collected under the Unemployment Insurance program. Firms report
their wages to the Unemployment Insurance program on a quarterly basis. The firm’s
average wage per employee is calculated for each quarter. The average over the two
quarters with the lowest average wages is assumed to reflect the firm’s base pay, that is,
wages excluding variable pay. If the average wage for either of the remaining quarters is
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significantly above the base wage, then that quarter is assumed to contain variable income.™
The average variable payment is then defined as total average wage minus the base average
wage, after allowing for an inflation adjustment to base wages. Total variable pay is then
calculated by multiplying the average bonus payment by the total number of firm employees.
It is assumed that only private sector employees, excluding those of private educational
institutions, earn variable pay.

Bonus payments are modeled in two steps. First, a bonus payments model for the
finance and insurance sector is estimated. The forecast results of the first step are then used
to project bonus payments for other sectors. Finance and insurance sector wages,
particularly from bonus payments, represent a significant share of total State wages and
appear to have a leading influence on bonuses paid in other sectors. Second, the feedback
effects of growth in this sector on other sectors of the economy, especially business services,
can be substantial.

We have found that two indicators of Wall Street underwriting activities — the dollar
volume of initial public offerings (IPOs) and the value of debt underwritings — can explain
most of the variation in financial and insurance sector bonuses. Forecasts for these variables
are based on interest rate and equity market forecasts provided by DOB/U.S. The finance
and insurance sector bonus model is then constructed by using these underwriting activities
as explanatory variables with an error-correction term. The finance and insurance sector
bonus equation appears in Table 6.

Table 6
Finance and Insurance Sector Bonuses
InB52; =— 1.71 + 0.179 InIPO;_, + 0.267 A, InDEBT; + 0.0228 T+ 1.35 DQ1,
(0.280) (0.0552) (0.173) (0.00314)  (0.132)

Adjusted R? =0.801

B52 Finance and insurance sector bonus
IPO Value of initial public offering

DEBT Value of debt underwriting

T Time trend

DQ1 Seasonal dummy for quarter 1

Our analysis shows that finance and insurance sector bonuses are a good predictor of
bonus-payment behavior in other sectors. More technically, bonus payments in the financial
services sector are cointegrated with bonuses paid in most other sectors. Therefore, we use
a cointegration/error correction framework in the second step to estimate bonuses for all of
the other sectors. Table 7 gives an example of the specification for bonuses in
manufacturing.

' The threshold adopted for this purpose was 25 percent. However, the variable income estimates are fairly
robust to even a five percentage-point swing in this criterion.
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Table 7
Manufacturing Bonuses

AB39 = 0.457 - 0423 AB39 -0.427 AB39 _-0.311AB39 _+ 0.290 AB39  + 0.0321 AB52

t (0.116) (0.122) t-1(0.123) t-2(0.117) t-3 (0.0949) t-4  (0.00532) t
- 0.0219 AB52 —-0.435D1 -0.522 DQ2 —0.789 DQ3 — 0.324
(0.00534) t-4 (0193) t (0.174) t (0.174) t (0.109)

B39 - 1.232 — 0.0367 B52
t-1(0.0860) (0.00492) -1

Adjusted R? = 0.932

B39 Manufacturing bonuses
B52 Finance and insurance bonuses
DQ Seasonal dummy for quarter i

NONBONUS REAL AVERAGE WAGES

Once average nonbonus wages have been identified, they are divided by a price deflator
estimated specifically for the New York economy (see “New York State Inflation Measure”
below) to create nonbonus real average wages. To forecast nonbonus real average wages,
DOB/N.Y. estimates 15 stochastic equations, one for each major industrial sector.

Statistical evidence suggests the existence of a long-run equilibrium relationship between
the State nonbonus real average wage for most sectors and the national real average wage.
Thus, the State nonbonus real average wage for most sectors is modeled in a
cointegration/error-correction framework. This modeling approach is based on the belief that,
since both labor and capital are free to move in a market economy, regional differences in
labor costs will tend to disappear, although this process may take quite a long time. This
formulation allows for short-run adjustments toward long-run equilibrium. These short-run
dynamics account for the State’s unique economic conditions. Table 8 gives an example of
the formulation for the nonbonus real average wage.

For a few sectors, average real nonbonus wages are not modeled in the cointegration/
error correction framework, since there is no statistical evidence that they are cointegrated
with the national real average wage. These sectors are modeled within an autoregressive
framework, with one or more U.S. variables (current or lagged values) used as explanatory
variables to capture the impact of national economic conditions.

29



NEW YORK STATE MACROECONOMIC MODEL

Table 8
Finance and Insurance Sector Real Nonbonus Average Wage

ARWAB2, =— 0.371 ARWAS2, - 0.467 ARWAB2, , - 0.227 ARWAS2, 4 + 0.274 ARWAB2, , +0.00272AUSRA, ,

(0.986) (0.101) (0.102) (0.0987) (0.00127)
0.000250 AUSRA,_, +0.00300 AUSRA, , — 0.000470AUSRA, , + 1.59 DQI, + 0.455 DQ2, +0.705DQ3,
(0.00133) (0.00131) (0.00135) (0.470) (0.469) (0.462)

+20.1 AInGDP;_4 —0.0112 RTRATE3, — 0.0000130 (F\’WA52t_1 -29.790 —3.287 USRAH)
Aa7.7) (0.0227) £ (0.00000705)

Adjusted R® = 0.567

RWA52 Real average wage for New York finance and insurance sector
USRA U.S. real average wage
GDP Real U.S. gross domestic product
RTRATE3 Real interest rate on 3-month Treasury notes
DQi Seasonal dummy variables for quarters i
NONWAGE INCOME

DOB/N.Y. estimates six components of nonwage income: transfer income; property
income, which includes dividend, interest, and rental income; proprietors’ income; other labor
income; personal contributions to social insurance programs; and the residence adjustment,
which corrects for the fact that wages are measured according to place of employment rather
than place of residence. The two largest components, transfer payments and property
income, together account for almost 80 percent of total nonwage income.

All New York nonwage income components, except for the residence adjustment, are
driven by their national counterparts, since they are either governed by Federal regulations or
influenced by national conditions. In each of these equations, the change in the New York
component of nonwage income is estimated as a function of the change in its U.S.
counterpart, along with lags of the independent and dependent variables to account for
short-term dynamics. Table 9 gives an example of the specification for property income.

Some of the nonwage equations use the concept of New York as a share of the national
total to help explain the trend in the New York variable relative to the U.S. variable. The
transfer income equation includes New York’s population share; while the equation for
contributions for social insurance includes New York’s wage share. The residence
adjustment is modeled as a function of New York earned income, which is comprised of
wages, other labor income, and personal contributions for social insurance.

Table 9
Property Income

Aln PROPt =0.00167+ 0.621 Aln Pt + 0.234 AInP;_y - 0.308 AInP;_, +0.0134 AInPROP;_4
(0.00120) (0.0446) (0.0694) (0.0682) (0.0992)

+0.350 AlnPROP;_,
(0.0882)

Adjusted R? =0.782

PROP New York State property income
P U.S. property income*(New York employment / U.S. employment)
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NEW YORK STATE INFLATION RATE

DOB/N.Y. estimates a meas