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Abstract

This paper examines whether recessions and booms are forecastable under
the assumption that equity prices, housing prices, import prices, exports, and
random shocks are not. Each of the 214 eight-quarter periods within the
overall 1954:1-2009:1 period is examined regarding predictions of output
growth and inflation. The results for low output growth vary by recession—
there is no common pattern. Of the eight recessions, three are forecast well.
For four of the five that are not, the main reason for each is not knowing:
1) the random shocks, 2) import prices and equity prices, 3) exports, and 4)
exports and equity prices. For the fifth—the last one—all five components
are large contributors, including housing prices: a perfect storm.

1 Introduction

This paper analyzes how well recessions and booms can be forecast. It uses a
structural macroeconometric model of the United States, denoted the “US model.”!

If recessions and booms are primarily driven by changes in asset prices, they are

*Cowles Foundation and International Center for Finance, Yale University, New Haven, CT
06520-8281. Voice: 203-432-3715; Fax: 203-432-6167; email: ray.fair@yale.edu; website:
http://fairmodel.econ.yale.edu.

'The US model is described in Fair (2004). It has been updated for purposes of this paper. The
updated version and documentation are on the website mentioned in the introductory footnote. The
model can also be downloaded for use on one’s own computer, and the results in this paper can
be duplicated. The US model is imbedded in a larger multicountry model, but for purposes of this
paper only the US model has been used.



unforecastable to the extent that changes in asset prices are unforecastable. There
are four variables in the US model that have important effects on aggregate demand
that are unforecastable or at least hard to forecast: equity prices, housing prices,
import prices, and exports. Equity prices and housing prices are asset prices and
hard to forecast. Import prices depend in large part on oil prices, food prices, and
exchange rates, all of which are hard to forecast. U.S. exports depend on the import
demands of other countries, and these demands are hard to forecast to the extent
that they depend on the importing countries’ asset and import prices.

The approach of this paper is to use the US model to forecast each of the 214
eight-quarter periods within the overall 1954:1-2009:1 period under five assump-
tions: not knowing equity prices, not knowing housing prices, not knowing import
prices, not knowing exports, and not knowing the residuals (i.e., the error terms
in the structural equations). “Not knowing” the four variables means using simple
baseline paths for their forecasts. “Not knowing” the residuals means using zero
values. As will be seen, this procedure allows the overall forecast error for any
eight-quarter period to be divided into five components, which can then be exam-
ined. If the overall forecast error for a particular recession is small, the model has
forecast the recession well using only baseline paths and zero residuals. This says
that given the structure of the model, the initial conditions, and the values of the
other exogenous variables (primarily government policy variables), the recession
has been forecast. Otherwise, one or more of the components is the culprit.

There is a large literature on forecasting the probability that a recession will
occur in some future quarter, in particular using the yield curve to forecast such

probabilities. Two recent papers are Chauvet and Potter (2005) and Rudebusch



and Williams (2008). For example, Rudebusch and Williams define a recession
as a quarter with negative real growth and examine horizons of zero to four quar-
ters ahead. They find that the yield curve has some predictive power relative to
predictions from professional forecasters.

There is also a large literature, recently surveyed by Stock and Watson (2003),
examining whether asset prices are useful predictors of future output growth and
inflation. Stock and Watson examine data on many possible predictor variables for
seven countries. Using bivariate and trivariate equations, they get mixed results.
For some countries and some periods some asset prices are useful predictors, but
the predictive relations are far from stable.

This paper is not an examination of possible single-equation predictive rela-
tionships. Instead, a structural model of the economy, which has already been
estimated, is used. Consider, for example, the role of equity prices. In the US
model household wealth lagged one quarter is a significant and important ex-
planatory variable in the estimated consumption equations. If equity prices rise,
household wealth increases, which leads to an increase in consumption demand.
Equity prices are thus estimated in the model to affect aggregate demand. These
relationships have been estimated and found to be statistically significant. This
paper is not a test of them. The aim is to see how the US model’s forecasts are
affected by knowing or not knowing the path of equity prices over the forecast
period. The same is true for housing prices, import prices, and exports. These
variables are estimated to have important effects on the economy, and the aim is
to see how the model’s forecasts are affected by knowing or not knowing them.

This study is thus conditional on the estimated structure of the US model.



Using the model allows questions to be considered that cannot be using single-
equation relationships. If the model is a good approximation of the economy, it
may still not be good at, say, forecasting recessions if what drives recessions are
unforecastable exogenous variables in the model, and this type of question can be
considered. More economic theory is used than in the use of single equations. A
disadvantage of this approach is that it requires a particular model. If the model is
a poor approximation of the economy, the results will not be trustworthy. The US
model is briefly discussed in the next section and in the appendix.

The basic procedure is as follows. A “baseline” path is chosen for each of the
four variables, which is a path based on the variable’s average historical behavior.
For each of the 214 eight-quarter periods within the overall 1954:1-2009:1 period
a baseline forecast is made using the baseline paths of the four variables, zero
residuals, and actual values of all the other exogenous variables. Let ¢; be the
predicted value of endogenous variable ¥, for the forecast that begins in quarter
t. For this paper the two endogenous variables examined are the growth rate of
real GDP over the eight quarters and the inflation rate over the eight quarters (both
at annual rates). (Figures 1 and 2 plot these two variables for the 1954:1-2009:1
period.) Let é; = 4, — y; denote the forecast error for the given variable. This
error will be called the “baseline” error.

Five more forecasts for each eight-quarter period are then made. For the first
forecast the residuals are kept at zero but the values of the four variables are set to
their actual values. The error from this forecast measures how much of the baseline
error is due to not knowing the residuals (i.e., the random shocks to the estimated

equations). For the second forecast the residuals are set to their actual



Figure 1
Eight-Quarter Growth Rate
Annual Rate
1954:1-2009:1

Figure 2
Eight-Quarter Inflation Rate
Annual Rate
1954:1-2009:1
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(i.e., estimated) values, the baseline path for equity prices is used, and actual
values for the other three variables are used. The error from this forecast measures
how much of the baseline error is due to not knowing equity prices. The third,
fourth, and fifth forecasts are similar to the second, where the selected variable is,
respectively, housing prices, import prices, and exports.

Let ¢;; denote the forecast error for forecast ¢z, ¢ = 1,...,5. It turns out, as
will be seen, that the sum of these five errors is very close to é;. So this proce-
dure essentially divides up the baseline error into five components: not knowing
the residuals, not knowing equity prices, not knowing housing prices, not know-
ing import prices, and not knowing exports. This paper is an analysis of these

components for the eight-quarter periods.

2 Background

The US Model

In the appendix the US model is briefly compared to dynamic stochastic general
equilibrium (DSGE) models, which are currently popular in macroeconomics. The
US model consists of 26 estimated equations and about 100 identities. If the error
terms are serially correlated, the serial correlation coefficients are estimated along
with the structural coefficients. The error terms after removing possible serial
correlation are assumed to be 2id. The estimation period is 1954:1-2009:1, and
the estimation method is two stage least squares. All the coefficient estimates are

consistent under the statistical assumptions. There is no calibration; labor market



clearing is not imposed; and rational expectations are not imposed.

There are seven estimated demand equations for good and services, explaining
the demand for service consumption, nondurable consumption, durable consump-
tion, housing investment, plant and equipment investment, inventory investment,
and imports. The main way that equity prices and housing prices affect demand is
through a household wealth variable in the three consumption equations. Import
prices affect the demand for imports through an import price variable in the import
equation. Lagged stock variables are important explanatory variables in the de-
mand equations: durables goods stock, housing stock, capital stock, and inventory
stock.

There are labor force participation equations for prime age men, prime age
women, and all others, and there is an equation explaining the number of people
holding two jobs. There is a demand for employment equation and a demand for
hours worked per worker equation. The unemployment rate is determined by a
definition: total labor force minus employment divided by total labor force.

The other main estimated equations are a price equation, a nominal wage equa-
tion, an interest rate rule of the Federal Reserve, a term structure equation ex-
plaining the AAA corporate bond rate, and a term structure equation explaining a
mortgage rate. The import price variable is an important explanatory variable in
the price equation; it plays the role of a cost shock variable.

The remaining estimated equations are two demand for money equations and
equations explaining dividends, firm interest payments, federal government interest
payments, depreciation, and unemployment benefits. In the identities, all flows of

funds among the sectors (household, firm, financial, state and local government,



federal government, and foreign) are accounted for.

Equity Prices

The variable C'G in the model is the nominal value of capital gains or losses on the
equity holdings of the household sector. It is based on data from the Flow of Funds
accounts. There is an equation in the US model explaining C'G, and it has been
dropped for purposes of this paper. The left hand side variable in this equation
is CG/(PX_;-YS_y), where PX is a price deflator and Y S is an estimate of
potential output. The two right hand side variables are the change in the bond rate
and the change in after tax profits (normalized by PX_; - Y'.S_;). This equation
explains very little of the variation in C'G, and the two explanatory variables have
very small effects on C'GG. The equation has been dropped so that C'G can be used
in the experiments.

The mean of CG/(PX_; - Y.S_1) over the 1954:1-2009:1 period is 0.120.
For the experiments in this paper the baseline values of C'G were computed using
the equation CG = 0.120(PX_; - Y'S_1). This captures the average historical
behavior of C'G.

As noted above, real wealth of the household sector (lagged one quarter) is an
important explanatory variable in the three consumption equations. The wealth

variable that appears in the consumption equations is
AA=[(AH+ MH)+ (PKH -KH)|/PH

where AH is the nominal value of net financial assets of the household sector

excluding demand deposits and currency, M H is the nominal value of demand
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deposits and currency held by the household sector, K H is the real stock of housing,
PK H is the market price of K [, and P H is a price deflator relevant to household
spending. AH + M H is thus nominal financial wealth, and PK H - K H is nominal
housing wealth.

The identity for AH is
AH=AH ,— (MH - MH_,)+SH+CG - DISH

where S H is the financial saving of the household sector and DI.SH is an exoge-
nous discrepancy term. CG thus affects real wealth through this definition. In
fact, the main fluctuations in AH are due to fluctuations in C'G.

Figure 3 plots log(AH + M H)/(PH - Y*) for 1954:1-2009:1, where Y* is a
peak-to-peak interpolation of real GDP. (Y * is just used for normalization purposes
here; it is not a variable in the model.) Dominating the figure are the stock market
booms of 1995-1999 and 2003-2006 and the stock market contractions of 2000—
2002 and 2007-2008. There were also two fairly large contractions in 1969—-1970
and 1973-1974. Most of these fluctuations are driven by changes in C'G. Using
the baseline values of C'G' essentially eliminates these fluctuations. The forecasts
using the baseline values of C'G' are thus forecasts with no stock market booms

and contractions.

Housing Prices

The real stock of housing of the household sector, K H, is based on data from the
Department of Commerce, Fixed Assets, Table 15. The market value of real estate

of the household sector is available from the Flow of Funds accounts, line 3,
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23 Figure 3
1 log(AH+MH)/(PHxY*), 1954:1-2009:1
(household financial wealth)
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Table B.100. PK H, the market price of K H, is this market value of real estate
divided by K H. The relative price of K H is taken to be PK H/PD, where PD
is the price deflator for domestic goods. Let PS114 = PKH/PD denote this
relative price. Then in the model PK H is determined as PK H = PSI14 - PD,
where PS114 is taken to be exogenous. This simply means that P K H, the market
price of K H, is not explained in the model except as it changes with the overall

price of domestic goods.
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When PS114 increases, nominal housing wealth, PK H-K H, increases, which
leads to an increase in the above wealth variable A A that is an explanatory variable
in the three consumption equations. Housing wealth, like financial wealth, affects
aggregate demand through the wealth effect on consumption.

The mean of log PSI14 — log PS114_, over the 1954:1-2009:1 period is
0.00266, which says that the growth rate of P.S714 has been about 1.1 percent at
an annual rate. For the experiments in this paper the baseline values of PS714
were computed using the equation log PS114 = log PS114_1 + 0.00266. This
captures the average historical behavior of PST14.

Figure 4 plots log(PKH - KH)/(PH - Y*) for 1954:1-2009:1. Dominating
the figure are the huge increase in housing prices between 1998 and 2006 and the
rapid fall in 2007-2009. There are also noticeable increases in 1977-1979 and
1984—-1987 and a noticeable decrease in 1990-1993. Using the baseline values of

PST14 essentially eliminates these fluctuations.

Import Prices

Variable PIM in the US model is the U.S. import price deflator. It is exogenous
in the US model. It is endogenous when the US model is imbedded in the overall
multicountry model, mentioned in footnote 1, because it depends on the export
prices of the other countries and on exchange rates, both of which are endogenous
except for the export prices of oil exporting countries. For present purposes PIM
is taken to be exogenous.

The mean of log PIM —log PIM_; over the 1954:1-2009:1 period is 0.00752,

which says that the growth rate of P/ M has been about 3.0 percent at an annual
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rate. For the experiments in this paper the baseline values of P/ M were computed
using the equation log PIM = log PIM_; 4 0.00752. This captures the average
historical behavior of P/ M.

A property of the US model is that positive price shocks, like an increase in
PIM, are contractionary. If there is a positive price shock, the domestic price
level rises faster than does the nominal wage rate, and so, other things being

equal, the real wage (and real income) falls. In addition, real wealth falls, other
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things being equal. Also, in the estimated interest rate rule of the Fed, the Fed
is estimated to respond to an increase in inflation, other things being equal, by
raising nominal interest rates, which is contractionary.”? Because an increase in
PIM is both inflationary and contractionary, the model, other things being equal,
will underpredict inflation and overpredict output when the actual values of PI M
are greater than the baseline values.

Figure 5 plots log PI M for 1954:1-2009:1. PIM grew rapidly between 1970
and 1981 and was essentially flat before and after. P/M is an unusual macroe-
conomic variable in that most of its change is confined to one period. There were
also, however, a fairly large increase between 2007:4 and 2008:3 and a fairly large

decrease between 2008:3 and 2009:1.

Exports

Variable £X in the US model is the real value of U.S. exports. It is exogenous
in the US model and endogenous when the US model is imbedded in the overall
multicountry model. For present purposes it has been taken to be exogenous.

The mean of log EX — log EX_; over the 1954:1-2008:4 period is 0.0144,
which says that the growth rate of /X has been about 5.8 percent at an annual rate.
For the experiments in this paper the baseline values of £X were computed using
the equation log X = log EFX_; + 0.0144. This captures the average historical
behavior of £ X.

Figure 6 plots log(EX/Y ™) for 1954:1-2009:1. There is a positive trend in

2Consumption in the model responds to nominal, not real, interest rates. I have done extensive
tests of nominal versus real interest rates in consumption equations, and nominal interest rates
dominate—see Fair (2004, Chapter 3).
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Figure 6
log(EX/Y*), 1954:1-2009:1
(exports)
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the ratio of exports to GDP over this period. The periods of noticeable decreases

are 1957-1958, 1981-1982, 2000-2001, and 2008:3-2009:1.

Other Exogenous Variables

For all the experiments in this paper actual values have been used for the exogenous
variables in the model except for the four variables discussed above. The main
exogenous variables are population variables, tax rate and spending variables of
the state and local governments and the federal government, and a long run produc-
tivity term. The productivity term is computed from peak-to-peak interpolations
of output per labor hour. Demographic variables are thus exogenous, and fiscal
policy variables are exogenous. Monetary policy, on the other hand, is endogenous

because of the estimated interest rate rule of the Fed.

Treating the Four Variables as Exogenous

For none of the forecasts in this paper is there feedback from the economy to equity
prices, housing prices, import prices, and exports. Either actual values are used or
values from baseline paths. As noted above, there is an equation in the US model
explaining C'G that has been dropped. Also, in the multicountry model in which
the US model is embedded P/M and E'X are endogenous. In the estimation of
the US model these variables are treated as endogenous (using 2SLS), and so the
coefficient estimates are consistent. For the forecasts, however, any feedback has
been ignored. Although ignoring feedback has some effect on the results, this
effect is likely to be small. For example, in the C'G equation the estimated effects

of the economy on C'GG are very small, and the equation explains very little of the
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variance. In the multicountry model exchange rates have an important effect on
PIM, and the estimated exchange rate equations in the model explain little of
the variance and have small estimated effects of the economy on exchange rates.
Regarding exports, the effect of the U.S. economy on the import demands of other
countries is small, and so the feedback of the U.S. economy on £X is small. The
fact that the feedback effects of the economy on the four variables are likely to be
small is evident from Figures 3—6. It is unlikely that these paths can be explained
well using business-cycle macroeconomic variables.

Another way of thinking about Figures 3—6 is to ask whether any time series
equations of a few parameters could approximate them well? For example, could
one find an equation which would pass structural stability tests for different sub

periods? The argument here is that this seems unlikely.

3 The Six Forecasts per Eight-Quarter Period

The Experiments

There are 214 eight-quarter periods within the 1954:1-2009:1 period, and so 214
forecasts were made per each experiment. Results are presented for two variables,
the growth rate (at an annual rate) of real GDP over the eight quarters and the
inflation rate (at an annual rate) over the eight quarters. The price deflator used in
computing the inflation rate is the GDP deflator. Results for all of the eight-quarter
periods are presented in Tables A1 and A2 in the appendix. Tables 1 and 2 present

a subset of these results—those relating to recessions and booms.
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Table 1
Error Components for Qutput Growth: Selected Observations from Table A1

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Ui € 1t €2t €3t om st €

Small growth rates (recessions)

1. 19582 -0.20 200 220 | 1.56 0.25 0.04 -0.15 053 | 2.23
2. 19612 1.66 096 -0.70 | -0.32 0.22 -0.01  -0.09 -045 | -0.65
3. 19704 091 1.18 0.27 | -0.57 0.92 0.00 0.07 -020 | 0.22
4. 19752 -1.00 3.10 4.10| 0.20 0.65 0.23 266 020 ] 394
5. 1983.1 -0.51 123  1.73 | -0.15 0.44 -0.07 -0.68 222 | 1.76
6. 19913 076 123 046 | 032 0.30 0.17 -001 -034 | 044
7. 20022 093 296 2.03 | -0.64 1.01 -0.19  -052 235 | 2.01
8. 2009.1 -0.07 452 460 | 190 0.75 0.60 052 096 | 4.74

Large growth rates (booms)

1. 19562 497 432 -064 | 0.14 -0.25 -0.05 -0.16 -0.23 | -0.56
2. 1960.1 624 419 -2.05|-1.19 -0.21 -0.04  -0.22 -0.30 | -1.95
3. 1966.1 691 721 030| 029 -0.07 0.03 -009 0.16 | 033
4. 19732 587 535 -051| 003 -0.25 -0.08 036 -0.57 | -0.51
5. 19784 586 534 -0.52 | -1.04 0.21 -0.14 0.55 -0.11 | -0.53
6. 19844 6.64 635 -030| 0.35 0.14 -0.01  -0.58 -0.14 | -0.25
7. 20002 4.63 341 -123|-029 -0.52 -0.08 -0.17 -0.11 | -1.16

e ¢ 4 7 = last quarter of eight-quarter prediction period.

e GDPR =real GDP.

® Y — 100[(GDPRH_7/GDPR75_1)5 - 1}

e MAE for the 214 observations: 1.025 for €; and 0.685 for é1;.

e NBER trough quarters: 1958:2, 1961:1, 1970:4, 1975:1, 1982:4, 1991:1, 2001:4.

Column 1 in the tables lists the last quarter of the eight-quarter forecast period.
Column 2 presents the actual value of the growth rate or the inflation rate. For
the first experiment the residuals are set to zero and the baseline values of the four
variables are used. Column 3 presents the predicted value from this forecast, and
column 4 presents the forecast error—the baseline error.

For the second experiment the residuals are set to zero and the actual values
of the four variables are used. Column 5 presents the error from this forecast.

This is the error from not knowing the residuals but knowing everything else.
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The third experiment the residuals are set to their actual (i.e., estimated) values,
baseline values are used for C'G, and actual values are used for the other three
variables. Column 6 presents the error from this forecast. This is the error from
not knowing equity prices. For the fourth experiment the residuals are set to their
actual values, baseline values are used for PS714, and actual values are used for
the others. Column 7 presents the error from this forecast. This is the error from
not knowing housing prices. For the fifth experiment the residuals are set to their
actual values, baseline values are used for PIM, and actual values are used for
the others. Column 8 presents the error from this forecast. This is the error from
not knowing import prices. Finally, for the sixth experiment the residuals are set
to their actual values, baseline values are used for £.X, and actual values are used
for the others. Column 9 presents the error from this forecast. This is the error
from not knowing exports. Column 10 is the sum of columns 5 through 9.

The tables show that for each period the value in column 4, the baseline error,
is close to the value in column 10, the sum of the five components. The five errors
in columns 5 through 9 can thus be considered to be components of the baseline
error in column 4. Note also that there is a high degree of serial correlation going
down the columns in Tables Al and A2 because of the overlapping eight-quarter

forecast periods.

Mean Absolute Errors

The mean absolute error of the baseline error (column 4) for the 214 observations
in Table A1 (eight-quarter growth rate at an annual rate) is 1.025 percentage points.

This error is based on not knowing the residuals and not knowing the actual values
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of the four variables. The mean absolute error of the error in column 5 is 0.685
percentage points. This is the error based on not knowing the residuals but knowing
the actual values of the four variables. These mean absolute errors give some idea
of how accurate the US model is, but they must be interpreted with caution. The
1.025 error could be either too low or too high regarding what could be expected
in a real-time forecasting situation. It is too low in that it is based on coefficients
estimated through 2009:1, and in practice the model can only be estimated up to
the beginning of the forecast period. It is also too low in that it is based on actual
values of all the exogenous variables except the four in question, and in practice one
does not know these values exactly. It is too high in that it is based on the baseline
values of the four variables, and in practice one may be able to do on average better
than this. The 0.685 error, on the other hand, can probably be considered a lower
bound for what can be expected in a real-time forecasting situation. It requires
knowledge of all the exogenous variables, including the four in question, and is
based on coefficients estimated through 2009:1. Whatever the case, the following
results are based on knowledge of the coefficients estimated through 2009:1 and
on knowledge of all the exogenous variables except the selected four.’

The mean absolute error of the baseline error (column 4) for the 214 observa-
tions in Table A2 (eight-quarter inflation rate at an annual rate) is 1.130 percentage
points. Again, this error is based on not knowing the residuals and not knowing the
actual values of the four variables. The mean absolute error of the error in column

5 is 0.720 percentage points.

3 Also, the latest revised data are used for this work, not the actual data that existed at the time.
In addition, the specification of the model is the latest one, which would not have been known, say,
at the beginning of 1954.
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Results for Output Growth

Table 1 contains selected observations from Table A1. Observations were selected
that had the smallest actual growth rates (recessions) and the largest actual growth
rates (booms). The recession observations were chosen as follows. The actual
growth rates were ranked, and observations were chosen working from the bottom
up with the restriction that a previous observation had not been chosen within 12
quarters of the observation in question. In other words, a window of at least 12
quarters was used. The same procedure was followed for booms, working from
the top down.

The last quarter for each recession observation in Table 1 is close to the trough
quarter of an NBER designated recession, as noted in the footnote to the table.
However, the NBER designated two recessions in the early 1980s, 1980:1-1980:3
and 1981:3-1982:4, whereas in this paper this period is considered to be one
long recession. The worst eight-quarter period within this overall period ended in
1983:1, which had a growth rate of -0.51 percent, and this is the period used in
Table 1. In the following discussion the recessions and booms will be denoted by
the last quarter of the eight-quarter period.

Tolstoy said that “Happy families are all alike; every unhappy family is unhappy
in its own way.” If we substitute “booms” for “happy families” and “recessions”
for “unhappy families,” this summarizes the results in Table 1 fairly well. The
recessions are different. Three—1961:2, 1970:4, and 1991:3—are forecast fairly
well. The baseline errors are smaller than the mean absolute error. This says that

knowing the model, the initial conditions, and the exogenous variables other than
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the four (again, primarily government policy variables), these three recessions are
forecastable. For the 1961:2 and 1991:3 recessions the components are all fairly
small. For the 1970.4 recession the equity component of 0.92 percentage points is
somewhat offset by the residual component of -0.57.

The baseline errors for the other five recessions vary between 1.73 and 4.60
percentage points. The 1958:2 recession is dominated by the residual component—
unexplained shocks to the structural equations. The error in forecasting this reces-
sion is thus primarily failure to know the random errors. The PIM component
dominates the 1975:2 recession (2.66 percentage points), with the equity compo-
nent second at 0.65 percentage points. This was a period of sharply rising import
prices, which according to the model is contractionary, and not knowing this rise
led the model to substantially overpredict output. Also, the stock market was
falling, and not knowing this led the model to overpredict. Failure to forecast the
1975:2 recession is thus primarily the failure to forecast import and equity prices.

The 1983:1 and 2002:2 recessions are dominated by the /X component (2.22
and 2.35 percentage points respectively). In both cases this is partly offset by
the PIM component (-0.68 and -0.52 percentage points respectively). For the
2002:2 recession the are also two other fairly large offsetting components: 1.01
percentage points for the equity component and -0.64 percentage points for the
residual component. The results for the 2002:2 recession are consistent with the
results in Fair (2005), which suggest that the sluggish performance of the U.S.
economy in this period in spite of expansive monetary and fiscal policies was due
in large part to the stock market decline and to exports.

The 2009:1 recession has the largest baseline error (4.60 percentage points), and
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each of the five components is a noticeable contributor. This is the only recession in
which all five contribute in a fairly large way. One might call it a “perfect storm”
recession. The percentage points are: 1.90 residual, 0.75 equity, 0.60 housing,
0.52 PIM, and 0.96 EX. This is the only recession in which housing plays a
large role. The large residual component could possibly be negative shocks to the
demand equations due to borrowing constraints caused by the financial crisis, but
there is no way to identify this in the model.*

The booms are not as different. Five of the seven (all but 1960:1 and 2000:2)
are forecast fairly well in that the baseline errors are smaller than the mean absolute
error. The baseline error for the 1960:1 boom is -2.05 percentage points, of which
-1.19 is from the residual component. The baseline error for the 2000:2 boom is
-1.23 percentage points, of which -0.52 is from the equity component. The results
for the 2000:2 boom are consistent with the results in Fair (2004, Chapter 4), which
suggest that the rapid growth of the U.S. economy in the last half of the 1990s (the
“new economy’’) was primarily due to the stock market boom. In general, booms
are not nearly as problematic as recessions from a forecastability point of view.

The detailed results in Table A1 show that the import price component is most
important in the mid 1970s. The equity component is generally modest in size

until the mid 1990s. The housing component increases in size from about 2000

“Hamilton (2009, p. 40) argues that had there been no oil shock in 2007-2008, the U.S. economy
in 2007:4-2008:3 would not have gone into a recession. His results are not based on a structural
model, and so they are not directly comparable to the present results. He uses various VAR equations
and an equation with GDP growth on the left hand side and on the right hand side four lags of GDP
growth and four lags of an oil price increase variable. Also, his period ends in 2008:3 rather than
2009:1 here, and 2008:4 and 2009:1 are extreme in their large negative growth rates in absolute
value. The results in Table 1 show that for the 2009:1 recession the import-price component
contributes 11 percent (0.52/4.60) to the overall error.
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on. These are as expected given the rise in import prices in the 1970s, the stock
market volatility beginning in the mid 1990s, and housing price volatility beginning
about 2000.

Regarding the Great Depression, Dominguez, Fair, and Shapiro (1988) show
that forecasters did not see it coming and that a VAR model using historical data
now available also does not forecast it. A structural model was not tried in this
paper, and so components of the overall forecast error are not available. The US
model cannot be used for this purpose because it is based on data beginning in
1952. In future work, however, it might be interesting to see if a structural model
fit through the 1920s and 1930s could determine the components of the overall

forecast error.

Results for Inflation

Table 2 contains selected observations from Table A2. Observations were selected
that had the largest inflation rates and the smallest inflation rates. The actual
inflation rates were ranked, and observations were chosen working from the top
down and the bottom up with at least a 12 quarter window. Three large inflation
periods (ending in 1971:2, 1975:1, and 1981:1) and four small inflation periods
(ending in 1960:4, 1963:3, 1999:1, and 2003:2) were chosen.

The three large inflation periods are all underpredicted, with baseline errors of
-2.39, -4.15, and -3.38 percentage points respectively. The first is primarily due to
the residual component (-2.49), and the other two are primarily due to the PIM
component (-4.17 and -2.77). Not knowing the large increase in P M between

1970 and 1981 is thus the main reason for underpredicting the large inflation in
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Table 2
Error Components for Inflation: Selected Observations from Table A2

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €2t €at €at st €t

Large inflation rates

19712 533 295 -239 | -249 0.40 0.01 -0.50 0.08 | -2.50
1975.1 936 521 -4.15 | -0.17 0.38 0.06 -4.17 -0.29 | -4.18
1981.1 9.61 622 -338|-0.19 -0.14 001 277 -033 | -345
Small inflation rates
19604 1.18 1.32 0.14 | 0.35 0.10 0.01 023 -048 | 0.21
1963.3 1.13 372 260 | 2.04 0.18 0.01 047 -0.07 | 2.63
1999.1 1.19 1.58 0.39 | -0.61 -0.29 -0.01 140 -0.03 | 0.46
2003.2 1.83 2770 0.88 | -0.43 0.24 -0.03 0.66 047 | 090

e ¢ + 7 = last quarter of eight-quarter prediction period.

e GDPD = GDP deflator.

ey, = 100(GDPD;17/GDPD;_1)® —1].

e MAE for the 214 observations: 1.130 for é; and 0.720 for é4;.

the second and third periods.

Three of the four small inflation periods are forecast fairly well, with baseline
errors of 0.14, 0.39, and 0.88 percentage points. The only large error is for 1963:3,
with a baseline error of 2.60 percentage points, where 2.04 is from the residual

component and 0.47 from the P/ M component.

Robustness Checks

The above forecasts are based on the US model estimated through 2009:1 and
are thus within sample forecasts. As discussed in Section 3, this study is not an
attempt to mimic what is known in a real-time forecasting situation. To see whether
the above results are sensitive to the estimation of the model through 2009:1, the
following check was made. The model was estimated through 1983:2 and used to

forecast 1983:3-1985:2. It was then estimated through 1983:3 and used to forecast

24



1983:4-1985:3. This was repeated to the end, where the last estimate was through
2007:2 and the last forecast was for 2007:3-=2009:1. This generates 96 outside
sample forecasts. The results are presented in Table 3 for output growth and in
Table 4 for inflation. The results in Tables 3 and 4 differ from those in Tables 1
and 2 because the coefficient estimates are different and the estimated residuals are
different (being based on different coefficient estimates). The exogenous variable
values are the same, including the baseline values. The outside sample forecasts
are not forecasts that could have been made in real time. They are simply used
here to examine the sensitive of the results to alternative coefficient estimates.

For output growth the mean absolute error for the 96 observations for the
outside sample forecasts is 1.048 for the baseline error and 0.759 for the residual
component. These compare to 1.078 and 0.622 for the within sample forecasts.
For inflation the respective mean absolute errors for the outside sample forecasts
are 0.989 and 0.837, which compare to 0.614 and 0.503 for the within sample
errors. The output growth errors are thus fairly close, but there is some loss of
accuracy for the inflation errors for the outside sample forecasts.

The key question is how different the results in Tables 3 and 4 are from those
in Tables 1 and 2. The results are in fact similar. For output growth in Table 3 the
2009:1 recession is still affected by all five components and the 2002:2 recession is
still affected most by the £ X component and the equity component. The baseline
error for the 1991:3 recession is larger (although still smaller than the mean absolute
error), with the residual component being the largest. The results for the 2000:2
boom are close, with the largest component continuing to be the equity component.

For inflation in Table 4 the results are again similar, with the P M component being
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Table 3
Error Components for Output Growth: Qutside Sample Forecasts

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Ut i 1t €at €3¢ €44 €5t €t
Small growth rates (recessions)
6. 19913 076 1.75 098 | 0.80 0.35 0.14  -0.05 -0.27 | 0.98
7. 20022 093 311 218 | -022 0.92 -0.15  -039 202 | 2.18
8. 2009.1 -0.07 5.68 575 | 3.5 0.52 0.43 044 098 | 593
Large growth rates (booms)
7. 20002 463 355 -1.08 ‘ -0.16  -0.58 -0.08 -0.11 -0.11 | -1.05
e ¢ 4 7 = last quarter of eight-quarter prediction period.
e GDPR =real GDP.
® Yy = 100[(GDPRt+7/GDPRf_1)5 - 1]
e MAE for the 96 observations: 1.048 for é; and 0.759 for é1;.
e NBER trough quarters: 1958:2, 1961:1, 1970:4, 1975:1, 1982:4, 1991:1, 2001:4.
Table 4
Error Components for Inflation: Outside Sample Forecasts
1 2 3 4 5 6 8 9 10
all  resid equity housing PIM EX sum
t+7 oy Ut et e1t €at €3t €4t €5t €
Small inflation rates
1999.1 1.19 195 0.76 | -0.17 -0.43 -0.02 144 -0.01 | 0.81
2003.2 1.83 323 140 0.10 0.24 -0.04 070 042 | 1.43

o { + 7 = last quarter of eight-quarter prediction period.

e GDPD = GDP deflator.

ey, = 100[(GDPD,,7/GDPD,_1)"* —1].

e MAE for the 96 observations: 0.989 for é; and 0.837 for é1;.

use of within sample forecasts.

Another check is to see if the results are sensitive to the choice of an eight-
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the largest for both periods. The general conclusions are thus not sensitive to the

quarter forecast period. To examine this, the calculations were repeated using a
five-quarter period. There are 217 five-quarter periods within the overall 1954:1—

2009:1 period. The results for output growth are presented in Table 5. Some



Table 5
Error Components for OQutput Growth: Five-Quarter Period

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+4 Yt Ui € 1t €ay €3t €4t €5t €

Small growth rates (recessions)

1. 19582 -1.98 159 357 | 1.61 0.17 0.01 -019 193 | 353
2. 19612 0.65 128 0.63 | 0.56 0.03 0.04 -007 0.09 | 0.65
3. 19704 -052 -053 -0.02 | -0.59 0.61 0.00 0.16 -0.22 | -0.05
4. 19751 -249 328 577 | 190 0.55 0.36 247 032 559
5. 19824 -2.11 005 216 | 0.21 0.14 0.02 -038 215 2.14
6. 1991.2 -029 078 1.07 | 049 0.21 0.13 005 0.12 | 1.01
7. 20003 0.19 204 1.85 | -0.60 0.71 -0.12 -024 209 | 1.84
8. 2009.1 -193 491 684 | 2.83 1.10 0.42 0.12 239 | 6.86

Large growth rates (booms)

1. 19553 733 515 -2.18 | -1.89 -0.15 -0.04 -0.09 004 | -2.14
2. 19592 8.01 483 -3.19|-263 -022 -0.05  -0.18 -0.07 | -3.15
3. 1966.1 884 787 -096 | -1.22 0.01 006 -004 022]-097
4. 19731 762 569 -193|-053 -0.17 -0.07 025 -143 ] -1.96
5. 19782 652 470 -1.82 | -2.00 0.07 -0.11 029 -0.09 | -1.84
6. 19842 820 7.63 -0.58 | -0.38 0.06 003 -022 -0.05]|-0.55
7. 19994 500 3.15 -1.85|-043 -0.95 -0.06  -0.07 -0.24 | -1.75

o ¢ 4 4 = last quarter of five-quarter prediction period.

e GDPR =real GDP.

® Y — 100[(GDPRH_4/GDPR,5_1)8 - 1}

e MAE for the 217 observations: 1.306 for é; and 0.963 for é1;.

e NBER trough quarters: 1958:2, 1961:1, 1970:4, 1975:1, 1982:4, 1991:1, 2001:4.

of the periods are slightly different because they were chosen using the ranking of
the five-quarter growth rates rather than the eight-quarter rates. The mean absolute
error for the baseline error for the 217 observations is 1.306 percentage points. For
the residual component it is 0.963 percentage points.

The results between Tables 1 and 5 are again similar, and no major conclusions
are changed. Comparing Table 5 to Table 1, the main change for recessions is
that the residual component for the 1975:1 recession has increased and is now the

second largest component for this recession. The baseline errors for the 1961:2,
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1970:4, and 1991:2 recessions remain smaller than the mean absolute error. For
booms the baseline errors and the residual components are all larger in absolute
value. Also, the £X component is larger in absolute value for the 1973:1 boom,

and the equity component is larger in absolute value for the 1999:4 boom.

4 Ex Ante Forecast Errors

It was mentioned in Section 3 that the mean absolute error for the residual compo-
nent is likely to be a lower bound on what can be achieved in real-time (ex ante)
forecasting situations. It is of interest to see if this is true. Two sets of ex ante
forecasts are used for present purposes. The first is from the Survey of Professional
Forecasts (SPF), currently run by the Federal Reserve Bank of Philadelphia. Five-
quarter-ahead forecasts of real output growth and inflation are available beginning
in 1970:2.> Median forecasts were used. There are 152 such forecasts given the
actual data ending in 2009:1. The second set is on the website mentioned in the
introductory footnote. I have made a real-time forecast using the US model each
quarter since 1983:3. The forecast horizon is always longer than eight quarters, and
so eight-quarter-ahead forecasts are available. There are 96 such forecasts given
the actual data ending in 2009:1. There are also 99 five-quarter-ahead forecasts
available.

The latest revised actual values of the growth rate and inflation are used for
the following results. Results on the website of the Federal Reserve Bank of

Philadelphia—Stark (2009)—show that forecasting accuracy is somewhat sensi-

5T am indebted to Tom Stark for data on median forecasts of real growth rates prior to 1981:3.
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tive to the choice of actual values (first release, second release, latest, etc.). If
forecasters are trying to forecast what the economy is actually going to do regard-
ing real growth and inflation and if the latest revised data are the best estimate of
what the economy actually did, then the use of the latest revised actual values is
justified. The assumption here, given the use of the latest data, is thus that fore-
casters are trying to forecast reality, not some preliminary estimate of reality. If
they are in fact trying to forecast some preliminary estimate, the following results
will be at least a little off.

Mean absolute errors (MAESs) are presented in Table 6. Eight-quarter-ahead
forecasts are available for the US model within sample (USws), the US model
outside sample (USos), and the US model ex ante (USea).® For USws and USos
there are MAEs for both the baseline error and the residual component. Results
for the eight-quarter-ahead forecasts are presented in the top half of Table 6. For
output growth the MAEs for USws don’t change much in moving from the larger
sample period to the common sample period, 1985:2-2009:1. For the common
period the MAE for USea of 0.821 is smaller than the MAEs for USws and USos for
the baseline error (1.078 and 1.048) and larger for the residual component (0.622
and 0.759). This is what would be expected from the discussion in Section 3.

For inflation there is a large decrease in the MAEs for USws in moving to the
common sample period. For the common period the MAE for USea of 0.777 is
larger than both MAEs for USws (0.614 and 0.503), but smaller than both MAEs

for USos (0.989 and 0.837). Considerable accuracy is lost in moving from USws

®Remember that the outside sample forecast are not ex ante forecasts. They were not made in
real time and are based on actual or baseline values of the exogenous variables.
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Table 6

Mean Absolute Errors—Percentage Points

Eight-quarter growth rate
(annual rate)
USws USos  USea

Eight-quarter inflation rate
(annual rate)
USws USos  USea

1955:4-2009:1
214 obs.

1985:2-2009:1
96 obs.

1.025 — -
(0.685)

1.078  1.048 0.821
0.622)  (0.759)

Five-quarter growth rate
(annual rate)
USws USos  USea SPFea

1.130 - —
(0.720)

0.614 0989 0.777
(0.503)  (0.837)

Five-quarter inflation rate
(annual rate)
USws USos USea SPFea

1955:1-2009:1
217 obs.

1971:2-2009:1
152 obs.

1984:3-2009:1
99 obs.

1.306 - — -
(0.963)

1.343 — - 1.274
(0.883)

1.279 1.334 1.000 1.124
(0.804) (1.043)

1.045 - - -
(0.801)

0.929 - - 0.988
(0.669)

0.602 1.015 0.698 0.724
(0.583) (0.892)

e USws = within sample forecasts.

o USos = outside sample forecasts.

e USea = ex ante forecasts, US model.

e SPFea = ex ante forecasts, median SPF forecasts.
e Values for USws and USos not in parentheses are MAEs for baseline error.

o Values for USws and USos in parentheses are MAEs for residual component.

to USos, and USea is in between these two. These inflation comparisons have the

disadvantage that the common period does not include any of the period of the

large increases in PI M, and in this sense it is not a representative sample.

Results for the five-quarter-ahead forecasts are presented in the bottom half of

Table 6, where the ex ante forecasts from SPF are added (SPFea). There is now

a common sample period for USws versus SPFea of 1971:2-2009:1. Again, for

output growth the MAEs for USws don’t change much in moving across the three

sample periods. For the first common period the MAE of 1.274 for SPFea is in

between the two MAEs for USws, 1.343 and 0.883. This is also true for the second

30



common period for both USws and USos (1.124 for SPFea versus 1.279 and 0.804
for USws and 1.334 and 1.043 for USos). The MAE for USea is 1.000, and it
also fits this pattern. So again, these results are as expected from the discussion in
Section 3, namely that the ex ante MAEs are in between the baseline error MAEs
and the residual component MAEs. Comparing the accuracy of the two ex ante
forecasts for the five-quarter-ahead forecasts and the common sample period, the
MAE for USea is slightly smaller than that for SPFea (1.000 versus 1.124).

For inflation there is a large decrease in the MAEs for USws in moving from
the first common period to the second. For the first common period the MAE
for SPFea is larger than both MAEs for USws. This is also true for the second
common period. For USos, on the other hand, the MAE for SPFea is smaller than
both MAE:s for USos. The same is true for the MAE for USea. Again, the MAE
for USea is slightly smaller than the MAE for SPFea (0.698 versus 0.724).

Overall, the results for the growth rate are what would be expected, namely
that the accuracy of errors from ex ante forecasts is likely to be between that from
baseline errors and that from residual errors. This is not true for inflation, but the

common sample period may be a problem.

5 Conclusion

In the US model equity prices, housing prices, import prices, and exports have
important effects on the economy. If these variables are not forecast well for a
particular period, the model’s forecast for the period, other things being equal, will

not be accurate. This paper compares forecasts from the model using actual values

31



of the four variables versus using values from simple baseline paths. The baseline
error for a period can be separated into five components: not knowing each of
the four variables and not knowing the residuals. Can recessions and booms be
forecast using only baseline values for the four variables and zero residuals? The
answer is yes for some recessions and most booms. When the answer is no for a
recession, the reason or reasons vary by recession. The relative sizes of the five
components vary across recessions; there is no common pattern. The recession of
2009:1 is perhaps the most interesting in that each of the five components is large:
a perfect storm.

The analysis in this paper requires the use of a structural model. The model
must explain, for example, the effects of the four variables on the economy. Some
key effects in the US model are wealth effects in the consumption equations and
the effect of the import price variable in the price equation. An important property
of the overall model is that an increase in the price of imports is contractionary,
other things being equal.

The fact that there is no common pattern across recessions may explain why
single-equation exercises do not yield stable results. One would not expect there to
be stable single-equation forecasting relationships given the present results. The

macro economy is more complicated than this.

32



Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t ot €3t €4t €5t €
19554 459 282 -1.77 | -1.10  -0.18 0.00 -0.08 -032]|-1.67
1956.1 460 2.88 -1.72|-038 -0.23 -0.04  -0.15 -0.81 | -1.62
19562 497 432 064 | 0.14 -0.25 -0.05 -0.16 -0.23 | -0.56
1956.3 4.33 4.62 0.29 1.41 -0.13 -0.03 -0.18 -0.67 | 040
19564 4.15 4.11 -0.04 1.07 -0.13 -0.02 -0.19 -0.67 | 0.06
1957.1 299 364 064 | 180 -0.17 -0.03  -0.08 -0.77 | 0.75
19572 203 258 054 | 1.85 -0.02 -0.02  -0.05 -1.12 | 0.63
19573 1.85 1.66 -0.20| 0.54 0.10 0.00 -005 -0.74 | -0.15
1957.4 1.05 090 -0.14 | 0.49 0.15 0.00 -0.05 -0.65 | -0.06
1958.1 -0.10 1.53 1.63 1.52 0.33 0.02 -0.07 -0.14 1.67
1958.2 -0.20 2.00 2.20 1.56 0.25 004 -0.15 053] 2.23
19583 1.00 286 1.86| 0.92 0.23 0.04 022 091 | 1.89
19584 1.34 3.69 235| 092 0.33 0.03 -028 129 229
1959.1 1.99 3.08 1.08 | -0.50 0.10 0.01 -0.35 1.75 1.01
1959.2 345 391 045 | -0.73 0.11 0.02 -0.39 1.37 | 0.38
1959.3 291 2.62 -0.29 | -0.76 -0.16 0.01 -0.39 1.00 | -0.28
19594  3.64 272 -092|-1.04 -0.26 0.00 -033 0.73 | -0.89
1960.1 624 4.19 -205|-1.19 -0.21 -0.04 -0.22 -030 | -1.95
1960.2 5.67 3.67 -2.00]|-093 -0.16 -0.03  -0.13 -0.60 | -1.86
1960.3 4.55 342 -1.12 | -0.28 0.07 -0.01 -0.08 -0.76 | -1.05
19604 2.69 237 -033 | 0.54 0.19 0.01 -0.06  -0.93 | -0.25
1961.1 203 255 052 1.13 0.22 -0.04 -0.10 -0.63 | 0.59
19612 1.66 096 -0.70 | -0.32 0.22 -0.01  -0.09 -045 | -0.65
19613 252 147 -1.05 | -0.75 0.12 0.00 -0.12 -028 | -1.02
19614 3.38 238 -1.00 | -0.46 0.17 0.01 -0.17 -0.53 | -0.98
1962.1 3.16 326 0.10 | 0.08 -0.11 003 -0.16 026 0.10
19622 398 3.80 -0.19 | -0.31 -0.18 0.00 -0.19 049 | -0.18
19623 438 373 -0.65|-035 -0.33 0.00 -022 027 |-0.63
19624 5.19 597 078 | 0.54 0.04 -0.01  -020 044 | 0.81
1963.1 5.56 6.57 1.01 0.61 0.30 -0.03 -023 034 | 098
1963.2 5.23 6.30 1.06 1.10 0.23 -0.01 -0.21 -0.05 1.06
1963.3 537 6.75 1.38 1.45 0.25 0.01 -0.18  -0.09 1.43
1963.4 471 672 201 | 1.84 0.36 0.03 -0.18 -0.06| 1.98
1964.1 494 573 079 | 094 0.21 0.03 -007 -030| 0.81
19642 498 564 0.66| 1.12 -0.54 0.03 -006 0.13 ]| 0.67
1964.3 521 5.17 -0.04 | 0.88 -0.50 0.03 -0.02 -039 | 0.01
19644 522 562 040 1.21 -0.05 005 -0.03 -0.71 0.46
1965.1 582 560 -022| 021 -0.01 005 -0.05 -0.40 | -0.20
19652 5.87 6.37 050 | 041 0.00 0.04 -005 0.11 ] 0.50
19653 595 5.83 -0.12| 0.18 0.05 0.06 -0.06 -0.31 |-0.08
19654 6.80 6.76 -0.05| 0.29 -0.10 005 -0.07 -0.15]| 0.02
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Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us et 1t oy €3t €4t €st €
1966.1 691 721 030 | 029 -0.07 0.03 -009 0.16| 0.33
1966.2 648 638 -0.10 | -0.12  -0.07 006 -0.09 0.12 | -0.09
19663 6.11 632 021 | 020 -0.02 005 -006 005 0.23
1966.4  6.39  7.57 1.18 | 0.89 0.08 0.07 -0.05 0.18 1.17
1967.1 557 681 1.24 1.88 0.16 0.05 -0.08 -0.80 1.21
19672 487 754 268 | 222 0.02 0.03 -004 046 | 2.68
19673 423 6.18 195 | 1.79 0.20 0.00 -005 003 198
1967.4 338 579 240 | 1.64 0.32 0.00 -009 049 | 236
1968.1 3.19 497 1.79 1.60 0.11 -0.04 -0.12 0.23 1.78
1968.2 388 4.53 0.66 | 041 -0.06 0.00 -0.16 048 | 0.68
1968.3 3.89 354 -035| 0.36 -0.43 -0.04 -0.13 -0.02 | -0.26
19684 369 292 -077|-030 -033 -0.03  -0.15 0.07 | -0.73
1969.1 405 342 -063|-0.68 -0.17 -0.04  -0.13 042 | -0.60
1969.2  4.19 382 -0.37 | 0.05 -0.26 -0.06  -0.09 0.05 | -0.31
1969.3  4.10 341 -0.69 | -0.02 -0.17 -0.08 -0.05 -0.29 | -0.62
19694 347 2.66 -0.80 | -0.29 -0.07 -0.07 -0.03 -0.25 | -0.71
1970.1 233 061 -1.72 | -1.07 -0.28 -0.06 -0.01 -0.20 | -1.62
1970.2 1.57 030 -1.27 | -1.06 0.18 -0.05 0.00 -0.28 | -1.21
19703 1.67 073 -094 | -1.32 0.38 -0.06 0.04 0.01 | -0.95
19704  0.91 1.18  0.27 | -0.57 0.92 0.00 0.07 -0.20 | 0.22
1971.1 1.51 -041 -192 | -1.64 0.80 0.02 0.13 -135| -2.03
19712  1.65 1.69 0.04 | -1.20 0.66 0.02 020 022 -0.10
19713 1.74 204 030 | -0.43 0.48 0.00 026 -0.07 | 024
19714 212 313 1.01 | 0.13 0.27 0.01 0.18 030 | 0.90
1972.1 3.11 3.66 055 0.04 0.04 -0.02 0.21 0.21 0.49
19722 422 334 -0.89 | -1.10 -0.60 0.00 023 049 | -0.98
1972.3 426 428 0.02 | -0.03 -0.43 -0.05 0.19 030 | -0.02
19724 568 629 061 | 048 -025 -0.05 023 0.15] 0.56
1973.1 555 553 -003| 0.13 -0.12 -0.06 0.19 -0.17 | -0.04
19732 587 535 -0.51 0.03 -0.25 -0.08 0.36 -0.57 | -0.51
1973.3 517 478 -039 | 0.08 -0.35 -0.09 0.52 -0.54 | -0.38
19734 552 432 -1.19 | -0.01 -0.16 -0.11 073 -1.72 | -1.27
19741  4.14 457 043 | 0.55 0.00 -0.09 1.05 -1.12 | 0.38
19742  3.08 3.06 -0.02 | 0.31 0.03 -0.09 1.41 -1.79 | -0.13
19743 209 311 1.02| 0.07 0.23 -0.01 1.97 -129 | 0.97
1974.4 1.07 4.17 3.10 | 0.59 0.78 0.12 245 -1.02 | 292
1975.1 -0.79 337 416 | 0.66 0.72 0.17 279  -0.37 3.98
19752 -1.00 3.10 4.10 | 0.20 0.65 0.23 266 020 | 3.94
19753 0.10 475 465 | 0.28 0.85 0.32 2.66 033 | 4.45
19754 028 522 494 | 0.89 0.46 0.36 228 071 | 4.70
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Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us et 1t oy €3t €4t €st €
1976.1 1.84 477 292 | 0.19 0.32 0.20 121 079 | 2.70
19762 2.08 381 1.73 ] -0.20 0.03 0.07 035 129 | 1.55
19763 2.82 330 048 | 033 -041 -0.02 0.05 050 | 0.45
1976.4  3.39 343  0.04 | -0.03 -0.40 -0.03 -0.06 0.61 0.09
1977.1 4.64 4.71 0.07 | -0.22 -0.17 0.00 -0.10 0.66 | 0.17
19772 528 479 -049 | -0.71 -0.01 0.05 0.00 021 | -0.46
19773 533 470 -063|-055 -024 -0.04 027 -0.06 | -0.63
19774  4.64 462 -002|-08 -0.12 -0.07 042 052 | -0.04
1978.1 3.65 356 -0.09 | -0.94 0.06 -0.11 044 041 | -0.14
19782 528 4.12 -1.16 | -1.87 0.12 -0.07 048 0.10 | -1.24
1978.3 554 425 -129 | -2.01 0.14 -0.12 048 0.12 | -1.40
19784 586 534 -052 | -1.04 0.21 -0.14 0.55 -0.11 | -0.53
1979.1 533 439 -093 | -0.77 0.02 -0.14 043 -048 | -0.94
1979.2 436 394 -042 | -0.38 0.01 -0.11 0.39 -0.39 | -047
1979.3 3.81 271 -1.10 | -0.94 -0.08 -0.11 058 -0.56 | -1.11
19794 396 332 -0.65]| 0.05 -0.17 -0.10 0.84 -1.32 | -0.70
1980.1 396 389 -0.08| 0.56 -0.30 -0.09 1.19 -1.46 | -0.10
1980.2 094 296 202 | 154 -022 -0.08 1.46 -0.64 | 2.05
19803 036 224 188 | 1.06 -0.17 -0.07 1.81 -0.74 | 1.89
1980.4 0.63 1.87 1.25 | -0.07 -0.28 -0.08 205 -043 1.20
1981.1 1.54 216 0.61 | -0.68 -0.29 -0.01 2.14 -0.56 | 0.61
19812 1.10 1.11 0.01 | -1.06 -0.32 0.02 2.00 -0.64 | -0.01
19813 1.34 070 -064|-175 -027 0.01 1.57 -0.19 | -0.64
19814 056 030 -026|-1.75 -022 0.00 1.11  0.53 | -0.33
1982.1 -042 -0.62 -0.20 | -1.47 -0.30 0.00 0.39 1.04 | -0.34
19822 087 0.16 -0.71 | -2.27 -0.08 0.01 0.07 1.40 | -0.87
1982.3 0.76 1.84 1.08 | -0.67 0.19 0.02 -0.19 1.64 | 0.99
19824 -0.12 192 203 | 0.12 0.42 -0.02 -0.38 1.85| 1.99
1983.1 -0.51 123 173 | -0.15 0.44 -0.07 -0.68 222 | 1.76
1983.2 1.00 249 1.49 | -0.39 0.34 0.03 -0.85 2.40 1.52
1983.3 1.38° 230 092 | -0.60 0.05 0.05 -0.66 2.11 0.94
19834 3.06 325 0.19 | -1.27 0.08 004 -0.78 2.09 | 0.16
1984.1 493 435 -058|-1.12 -0.13 0.08 -0.82 141 | -0.58
19842 554 505 -049 |-093 -0.19 007 -0.69 128 | -0.46
19843 626 518 -1.07 | -092 -0.08 001 -061 054 -1.06
19844 6.64 635 -0.30 | 0.35 0.14 -0.01 -0.58 -0.14 | -0.25
1985.1 648 634 -0.14 | 022 0.26 -0.03 -045 -0.13 | -0.14
1985.2  5.75 562 -0.13 | 022 0.41 -0.07 -0.52 -0.14 | -0.10
19853 554 451 -1.03 | -0.59 0.35 -0.14  -0.60 0.01 | -0.96
19854 4.87 433 -054 | -0.15 0.31 -0.21  -0.55 0.10 | -0.49
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Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1986.1 436 428 -0.08 | 0.53 0.08 -0.18  -0.61 0.13 | -0.04
1986.2 3.68 367 0.00| 0.78 -0.08 -0.18  -0.70 0.18 | 0.00
19863 3.67 432 065| 131 -0.10 -0.18 -0.56 0.20 | 0.66
1986.4 3.50 4.84 1.33 1.98 -0.14 -0.18  -0.44 0.17 1.40
1987.1 3.37 4.59 1.22 1.77 -0.15 -0.19 -0.21 0.01 1.24
1987.2 3.49 379 030 | 1.13 -0.21 -0.15  -0.17 -024 | 0.37
19873 3.16 272 -044 | 090 -0.42 -0.11  -0.06 -0.66 | -0.34
1987.4 3.66 322 -043 | 0.78 -0.22 -0.08 -0.11 -0.72 | -0.35
1988.1 342 329 -0.13 0.99 -0.10 -0.07 -0.01 -0.85 | -0.04
1988.2 3.87 3.50 -0.37 | 0.51 -0.05 -0.03 034 -1.13 | -0.36
1988.3 3.65 243 -1.22 | -0.16 -0.19 -0.03 040 -1.23 | -1.20
1988.4 4.07 269 -1.38 | -0.60 0.03 -0.02 041 -1.20 | -1.38
1989.1 425 251 -1.75 | -0.81 0.31 -0.01 026 -1.50 | -1.75
1989.2 4.03 216 -1.87 | -0.82 0.28 0.00 0.12 -147 | -1.89
1989.3 392 222 -1.70 | -0.84 0.34 0.01 0.08 -1.33 | -1.75
19894 3.16 1.09 -2.07 | -0.70 -0.14 0.00 -0.01 -1.18 | -2.03
1990.1 350 1.89 -1.61 |-043 -0.13 -0.01  -0.07 -090 | -1.53
1990.2 298 130 -1.68|-040 -0.14 0.02 -021 -085]-1.58
19903 271 138 -1.33|-0.18 -0.18 0.03 -009 -085]-1.27
19904 1.65 095 -0.70 | 0.06 -0.04 005 -0.05 -0.66 | -0.65
1991.1 0.88 135 047 | 0.87 0.09 0.07 -0.07 -048 | 048
19912 088 1.04 0.16 | 0.28 0.16 0.10 -0.14 -0.21 | 0.20
19913 0.76 123 046 | 0.32 0.30 0.17 -001 -034 | 044
19914 087 131 043 | 0.39 0.32 020 -0.09 -042 | 040
1992.1 0.81 0.87 0.05 0.13 0.12 0.17 -022 -0.16 | 0.04
19922 1.17 1.13 -0.04 | -0.05 0.07 0.13 -0.11 -0.15 | -0.11
1992.3 1.66 1.23 -0.43 0.28 -0.24 0.11 -0.33 -0.22 | -0.40
19924 261 197 -064| 049 -0.06 0.07 -0.87 -024 | -0.62
1993.1 293 268 -025| 0.43 0.09 0.10 -0.58 -0.26 | -0.21
19932 2.86 339 0.53 0.72 -0.02 0.10 -0.31 0.08 | 0.57
1993.3 2.87 375 087 | 0.71 -0.02 0.09 -020 030 | 0.89
19934 332 440 1.08 | 0.76 0.13 0.10 -0.31 0.38 1.06
1994.1 331 431 1.00| 075 -0.03 0.13 -028 042 1.00
19942 349 407 059 | 081 -0.13 0.10 -035 0.17 | 0.60
19943 327 379 052 098 -0.14 0.10 -048 007 | 054
19944 331 325 -0.06| 0.40 0.05 0.09 -040 -0.19 | -0.05
1995.1 3.39 354 0.15 0.67 0.10 0.05 -022 -045 0.14
19952 322 390 0.68 1.35 0.06 0.05 -023 -0.53 0.70
19953 3.37 353 0.15| 1.11 0.04 0.07 -008 -095| 0.19
19954 3.06 359 053 | 1.32 0.04 0.07 -004 -085]| 0.54
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Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10

all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1996.1 290 207 -083| 023 -0.16 0.06 -0.01 -096 | -0.84
1996.2 3.07 177 -130|-0.09 -0.36 0.06 -0.10 -0.78 | -1.26
19963 321 1.66 -1.55]-034 -0.44 005 024 -048 | -1.45
19964 321 145 -1.76 | -0.21 -0.52 004 -032 -0.64 | -1.65
1997.1 347 170 -1.77 | -0.05 -0.46 004 -040 -0.78 | -1.66
1997.2 416 220 -195| 0.17 -0.41 0.03 -0.62 -1.05]-1.89
19973 438 277 -1.61| 026 -035 0.03 -0.64 -0.88 | -1.58
1997.4 438 316 -122| 0.67 -035 0.02 -0.64 -0.89 | -1.18
1998.1 4.59 327 -132 | 0.69 -0.42 0.02 -0.72 -0.85 | -1.28
19982 4.08 279 -130 | 0.71 -0.57 0.00 -0.78 -0.60 | -1.24
1998.3 4.25 2.68 -1.56| 0.46 -0.75 -0.01 -0.79 -0.42 | -1.51
1998.4 443 294 -149 | 0.08 -0.74 -0.04  -092 0.19 | -1.43
1999.1 447 289 -158|-0.10 -0.85 -0.06 -0.89 037 | -1.53
1999.2 4,11 283 -1.28 | -0.62 -0.56 -0.07 -076 077 | -1.23
1999.3 4.07 322 -0.84 | -043 -0.45 -0.08 -0.71 0.87 | -0.80
19994 460 3.02 -1.58 | -0.84 -0.52 -0.09 -063 056 | -1.52
2000.1 4.16 345 -0.71 | -027 -0.30 -0.08 -0.31  0.35 ]| -0.62
20002 4.63 341 -123]-029 -0.52 -0.08 -0.17 -0.11 | -1.16
20003 397 230 -1.67 | 0.18 -1.16 -0.08 0.00 -047 | -1.53
20004 346 256 -0.90 | -0.02 -0.64 -0.09 0.04 -0.13 | -0.84
2001.1 296 189 -1.07 | -0.27 -0.55 -0.11 0.10 -0.19 | -1.02
20012 2770 2.10 -0.60 | -0.46  -0.17 -0.13 0.01 020 | -0.55
20013 192 1.52 -041|-08 -0.22 -0.15  -0.13 097 | -0.39
20014 123 213 091 | -1.10 0.75 -0.18  -027 1.68 | 0.88
2002.1 144 3.20 1.76 | -0.78 1.14 -020 -046 208 1.78
20022 093 296 203 | -0.64 1.01 -0.19 -0.52 235 2.01
2002.3 1.28 393 2.65 | -0.30 1.10 -0.16 -0.61 259 | 2.62
20024 1.05 3.62 257 | -0.01 0.87 -0.15 -062 246 | 253
2003.1 126 347 221 | -0.01 0.59 -0.15  -0.52 232 | 221
20032 1.54 3.07 1.53 | -0.78 0.93 -0.14  -0.34 1.90 1.56
20033 264 244 -0.19 | -1.42 0.43 -0.12 -0.21 1.15 | -0.18
20034 2777 2778 001 | -1.07 0.69 -0.13 0.01 0.46 | -0.03
2004.1 280 2.86 0.06 | -0.82 0.54 -0.13 0.09 028 | -0.04
20042 296 259 -037|-051 -0.04 -0.15 0.01 030 | -0.40
20043 311 242 -0.69 | -0.06 -0.67 -0.16 0.03 020 | -0.66
20044 341 276 -0.65 0.16 -0.57 -0.18 0.10 -0.12 | -0.61
2005.1 3.64 236 -1.27 | 0.30 -0.79 -0.23 0.03 -049 | -1.18
20052 3.53 211 -142 | 0.01 -0.55 -0.24 0.16 -0.77 | -1.38
20053 3.08 122 -187|-068 -053 -0.25 022 -0.57 | -1.81
20054 291 212 -079 | -0.31 -0.29 -0.26 034 -0.22 | -0.75
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Table A1
Error Components for Qutput Growth

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum

t+7 Yt Us € 1t ot €3t €4t €5t €
2006.1 3.15 179 -136|-0.69 -0.34 -0.28 028 -0.29 | -1.32
20062 3.05 1.17 -1.88 | -0.96 -0.48 -0.27 026 -0.36 | -1.82
20063 2.69 058 -2.11|-097 -0.65 -0.23 027 -0.44 | -2.02
20064 256 125 -1.31 | -042 -0.41 -0.17 020 -0.46 | -1.26
2007.1 2.19 0.72 -147 | -0.61 -0.50 -0.08 0.18 -042 | -1.42
2007.2 246 087 -1.59|-0.77 -0.52 0.02 0.06 -037 | -1.58
2007.3 257 064 -193 | -0.69 -0.46 0.10 -0.03 -0.79 | -1.88
2007.4 238 1.07 -131|-021 -0.46 0.16 001 -0.79 | -1.28
2008.1 1.89 175 -0.14 | 0.27 -0.29 0.22 0.17 -0.54 | -0.17
2008.2 191 174 -0.17 | 0.34 -0.34 0.26 026 -0.68 | -0.16
2008.3 1.74 256 082 | 096 -0.13 0.35 043 -0.76 | 0.85
20084 0.73 4.00 327 | 174 0.31 0.50 066 0.10 | 3.30
2009.1 -0.07 452 460 | 1.90 0.75 0.60 052 096 | 4.74

e See notes to Table 1.
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Ut €t 1t €at €3¢ €4t €5t €t
19554 1.77 0.89 -0.88 | -0.79  -0.11 0.01 028 -0.15 | -0.76
1956.1 2.15 1.01 -1.14 | -0.76  -0.15 -0.02 044 -0.50 | -0.99
1956.2 240 2.02 -038]|-056 -0.16 -0.03 046 -0.01 | -0.30
19563 291 351 060 | 0.64 -0.08 -0.02 047 -031 | 0.70
19564 3.05 3.68 063 | 062 -0.09 -0.01 046 -026 | 0.72
1957.1 3.49 422 073 ] 1.08 -0.16 -0.02 027 -034 | 0.83
19572 3.63 425 0.62 | 1.28 -0.04 -0.01 020 -0.75 | 0.68
1957.3 3.56 327 -0.28 | 0.01 0.05 -0.01 0.19 -049 | -0.24
19574 3.02 297 -0.05| 0.37 0.09 -0.01 0.23 -0.65 | 0.04
1958.1 3.03 4.16 1.13 1.03 0.22 0.01 031 -042 | 1.15
19582 292 529 237 1.64 0.17 0.02 049 0.09 | 241
1958.3 2.62 495 233 | 1.24 0.14 0.03 064 032 | 236
19584 2.69 6.00 3.31 | 1.55 0.27 002 076 0.65| 3.26
1959.1 2.05 486 281 0.62 0.10 0.01 0.86 1.13 | 2.73
19592 1.70 435 265 | 0.62 0.11 0.01 095 088 | 2.58
19593 157 364 207 | 051 -0.08 0.01 091 073 | 2.07
19594 1.73 298 125 0.15 -0.17 000 076 052 | 1.27
1960.1 1.41 0.80 -0.61 | -0.83 -0.15 -0.02 051 -0.03 | -0.52
1960.2 1.41 0.2 -1.29 | -1.23 -0.14 -0.02 037 -0.15] -1.16
1960.3 127 0.74 -0.53 | -041 0.02 0.00 0.25 -032 | -047
19604 1.18 132 0.14 | 035 0.10 0.01 023 -048 | 0.21
1961.1 1.18 251 133 | 1.33 0.13 -0.03 030 -035| 1.39
19612 1.27 1.58 0.30 | 0.21 0.15 -0.01 030 -030 | 0.34
1961.3 1.28 143 0.16 | -0.01 0.09 0.00 037 -026| 0.18
19614 127 188 0.60 | 045 0.15 0.00 047 -044 | 0.63
1962.1 1.38 2.81 144 | 091 -0.05 0.02 049 006 | 144
19622 124 255 131 | 0.52 -0.10 0.00 052 034 1.29
19623 120 1.81 0.62 | 0.16 -0.26 0.01 061 0.13 | 0.64
19624 1.19 252 133 | 0.66 -0.03 -0.01 054 0.18 | 1.35
1963.1 1.19 271 1.52 | 0.64 0.15 -0.02 0.59 0.12 1.48
19632 1.19 310 190 1.21 0.13 -0.01 0.53 0.04 1.90
19633 1.13 372 260 | 2.04 0.18 0.01 047 -007 | 2.63
19634 135 4.68 3.33 | 2.53 0.31 0.01 045 -0.01 | 3.30
1964.1 1.16 3.53 237 | 1.99 0.21 0.02 024 -0.08 | 2.37
19642 127 3.14 1.88 | 1.78 -0.36 0.01 021 022 1.87
19643 1.33 218 0.86 1.26 -0.35 0.01 0.10 -0.14 | 0.88
19644 141 291 1.51 1.77 -0.04 0.02 0.15 -036 | 1.55
1965.1 1.56 2.61 1.06 1.26 0.00 0.03 0.18 -0.38 1.08
19652 1.68 321 154 | 1.18 0.01 002 019 0.14 | 1.53
19653 1.78 2.69 0.92 | 0.88 0.04 0.03 021 -021 | 096
19654 1.71 258 087 | 0.77 -0.06 0.03 024 -005| 093
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1966.1 190 3.07 1.17| 083 -0.03 0.01 029 0.10 | 1.19
1966.2 218 269 051 | 0.14 -0.03 0.03 026 0.13 ] 0.52
19663 251 2.87 036 015 -0.01 0.02 0.18 0.02 | 0.37
19664 2.74 336 0.62 | 0.24 0.02 0.04 0.19 0.12 | 0.61
1967.1 2.70 4.01 1.31 1.46 0.07 0.03 0.25 -0.52 1.29
19672 276 496 220 | 1.84 -0.03 0.02 0.14 023 | 221
1967.3 3.06 500 194 | 1.75 0.11 0.00 0.18 -0.09 | 1.95
1967.4 330 581 251 | 1.76 0.23 0.01 028 020 | 247
1968.1 3.55 5.29 1.74 1.22 0.12 -0.03 0.34 0.08 1.73
1968.2 3.66 4.82 1.16 | 0.49 0.00 0.01 042 027 1.19
1968.3 3.62 396 034 | 0.27 -0.27 -0.02 039 004 | 040
1968.4 3.87 3.68 -0.19|-0.39 -0.21 -0.01 038 007 | -0.16
1969.1 4.19 372 -046 | -0.78 -0.08 -0.02 035 0.08 | -0.45
1969.2 4.57 4.01 -0.56 | -0.72 -0.13 -0.03 0.26 0.10 | -0.51
1969.3 4.80 3.83 -0.97 | -0.85 -0.09 -0.04 0.18 -0.12 | -091
19694 492 351 -1.40 | -1.29 -0.04 -0.03 0.10 -0.06 | -1.33
1970.1 5.07 3.17 -190|-1.53 -0.24 -0.03 0.05 -0.06 | -1.81
19702 524 296 -228 | -2.19 0.05 -0.03 0.00 -0.06 | -2.23
19703 5.14 305 -2.10 | -2.13 0.13 -0.04 -0.16 0.10 | -2.10
19704 5.09 386 -1.23 | -1.50 0.49 0.00 -0.21 -0.04 | -1.26
1971.1 532 224 -3.08 | -2.41 0.44 0.01 -0.39 -0.84 | -3.20
19712 533 295 -239 | -249 0.40 0.01 -0.50 0.08 | -2.50
19713 511 266 -245 | -2.20 0.33 0.00 -0.58 -0.04 | -2.50
19714 481 3.07 -1.74 | -1.59 0.22 0.01 -046 0.01 | -1.81
1972.1 491 258 -2.34 | -2.01 0.09 -0.01 -0.51 0.05 | -2.38
19722 451 1.85 -2.66 | -2.01 -0.33 0.01 -0.58  0.17 | -2.74
1972.3 4.60 297 -1.63 | -1.08 -0.24 -0.02 -048 0.16 | -1.67
19724 462 343 -1.19 | -0.67 -0.13 -0.02  -057 0.16 | -1.23
1973.1 447 331 -1.16 | -0.73  -0.03 -0.02  -050 0.10 | -1.17
19732 459 297 -1.62 | -0.59 -0.10 -0.03 -0.88 -0.03 | -1.62
1973.3 5.07 299 -2.08 | -0.67 -0.19 -0.04 -1.15 -0.03 | -2.08
19734 571 3.13 -259 | -0.34 -0.09 -0.05 -1.53 -063 | -2.64
19741 587 327 -260|-0.06 -0.03 -0.04 -2.14 -036 | -2.63
19742 6778 277 -4.01 | -046 -0.04 -0.05 282 075 | -4.13
19743 7.82 3.15 -4.66 | -0.62 0.05 -0.02  -3.46 -0.68 | -4.73
19744 8.69 4.57 -4.13 | -0.16 0.42 004 -391 -0.63 | -4.25
1975.1 936 521 -4.15 | -0.17 0.38 006 -4.17 -0.29 | -4.18
19752 927 574 -3.53 | -0.15 0.35 0.11 -3.79  -0.05 | -3.53
19753 9.17 649 -2.68 | 0.26 0.56 0.19 -3.60 -0.07 | -2.66
19754 9.09 745 -1.64| 0.62 0.32 023 -3.04 026 -1.61
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1976.1 8.68 796 -0.72 | 0.17 0.24 0.13 -1.64 031 | -0.79
19762 7.99 830 030 | -0.02 0.07 0.04 -0.61 068 | 0.17
19763 7.17 746 029 | 043 -024 -0.02 -0.16 0.25| 026
19764 6.56 6.99 0.43 0.23 -0.26 -0.02 0.17 036 | 048
1977.1 6.14 650 037 | 0.02 -0.08 0.00 0.18 034 | 046
19772 6.17 6.09 -0.09 | -0.22 0.02 0.04 0.01 0.09 | -0.06
19773 588 543 -045| 030 -0.15 -0.02  -050 -0.10 | -0.47
1977.4 6.08 578 -030| 0.32 -0.10 -0.03  -0.68 0.14 | -0.34
1978.1 6.26 6.02 -0.24 | 0.35 0.01 -0.05 -0.72 0.11 | -0.30
19782 6.66 550 -1.16 | -0.62 0.05 -0.02  -0.77 0.12 | -1.25
19783 6.80 5.04 -1.76 | -1.28 0.06 -0.05 -0.79 0.17 | -1.89
19784 696 537 -1.60 | -0.95 0.13 -0.06 -0.87 0.12 | -1.63
1979.1 7.03 543 -1.59 | -0.71 0.02 -0.07 -074 -0.12 | -1.62
19792 7.56 6.05 -1.51 | -0.67 0.03 -0.05 -0.78 -0.12 | -1.59
1979.3 8.07 537 -2.70 | -1.41 -0.02 -0.05 -1.05 -021 | -2.74
19794 794 530 -2.64 | -0.50 -0.07 -0.04 -147 -062 | -2.71
1980.1 829 510 -3.19|-042 -0.17 -0.05 -1.88 -0.74 | -3.25
1980.2 850 631 -219| 039 -0.13 -0.04 217 020 | -2.15
1980.3 883 625 -259 | 035 -0.08 -0.04 244 033 | -2.55
1980.4 9.17 6.24 -2.93 0.20 -0.15 -0.05 -2.76 -0.23 | -2.98
1981.1 9.61 6.22 -338 | -0.19 -0.14 -0.01 277 -033 | -3.45
19812 930 623 -3.07|-0.01 -0.17 0.01 250 -047 | -3.14
19813 9.09 6.13 -295|-0.71 -0.14 0.01 -1.88 -031 | -3.03
1981.4 9.03 635 -268|-1.53 -0.14 0.00 -126 0.13 | -2.80
1982.1 8.60 6.44 -2.16 | -1.90 -0.23 0.00 -0.51 0.32 | -2.32
19822 8.06 544 -2.62 | -3.16 -0.11 0.01 -0.08 054 | -2.80
1982.3 7.61 7.12 -0.49 | -1.53 0.06 0.02 0.31 0.56 | -0.58
19824 672 7.58 0.85 | -0.56 0.21 -0.01 058 0.58 | 0.81
1983.1 580 7.24 1.44 | -0.59 0.24 -0.05 1.00 0.83 | 1.43
19832 524 17.13 1.89 | -0.50 0.20 0.01 1.17  0.98 1.86
1983.3 4.81 6.14 1.33 | -0.59 0.05 0.02 095 091 1.34
19834 426 506 0.80 | -1.36 0.08 0.02 1.04 1.00 | 0.78
1984.1 420 472 052 |-1.20 -0.05 0.04 1.08 0.66 | 0.53
19842 4.02 422 020 |-129 -0.11 0.03 090 070 | 0.23
19843 370 328 -042|-1.48 -0.09 0.01 0.84 035 -0.38
19844 348 378 030 | -0.48 0.02 0.00 0.84 -0.01 0.37
1985.1 3.64 382 0.18 | -0.56 0.09 0.00 0.71 -0.04 | 0.20
19852 3.51 375 0.23 | -0.60 0.18 -0.02 0.79 -0.08 | 0.27
19853 3.25 3.07 -0.17 | -1.02 0.17 -0.05 0.88 -0.08 | -0.09
1985.4 3.19 3.62 0.44 | -0.37 0.16 -0.08 0.81 -0.02 | 0.50
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1986.1 281 363 082 | 0.03 0.05 -0.06 0.84 003 ]| 0.8
19862 264 362 099 | 0.04 -0.02 -0.07 099 006 | 1.00
19863 253 344 091 | 009 -0.02 -0.07 0.81 0.10 | 092
1986.4 2.57 3.76 1.18 | 0.49 -0.04 -0.07 0.68 0.16 1.22
1987.1 2.38 3.64 1.26 1.02 -0.05 -0.08 030 0.06 1.25
1987.2 237 3.17 080 | 0.78 -0.08 -0.06 021 -0.02| 0.83
19873 253 286 033 | 0.75 -0.19 -0.05 006 -0.18 | 0.40
1987.4 258 341 083 | 1.00 -0.08 -0.03 0.17 -0.17 | 0.90
1988.1 2.75 3.68 0.94 1.18 -0.03 -0.03 0.05 -0.16 1.00
1988.2 297 299 0.02 | 0.89 -0.03 -0.02 -0.53 -0.28 | 0.03
1988.3 3.25 2.61 -0.63 0.44 -0.14 -0.01 -0.57 -0.34 | -0.62
1988.4 325 250 -075| 0.17 -0.04 -0.01  -0.55 -0.33 | -0.76
1989.1 3.45 285 -0.60 | 0.19 0.13 0.00 -039 -0.50 | -0.58
1989.2 3.67 323 -043 0.11 0.13 0.00 -0.21 -048 | -0.44
1989.3 365 338 -0.27 | 0.09 0.21 0.00 -0.13 -048 | -0.31
19894 363 321 -042 | 0.09 -0.05 0.00 0.02 -045 | -0.39
1990.1 3.81 383 0.03| 024 -0.04 0.00 0.13 -0.26 | 0.07
1990.2 391 406 0.14 | 0.14 -0.05 0.01 037 -025] 022
19903 380 3.65 -0.15] 0.15 -0.09 0.01 0.12 -0.29 | -0.10
19904 380 372 -0.07 | 0.30 -0.06 0.01 -0.01 -0.27 | -0.02
1991.1 3.82 4.16 0.33 0.44 0.00 0.01 0.15 -024 | 0.36
19912 3.66 388 0.22|-0.05 0.04 0.02 031 -0.07 | 0.25
19913 3.65 378 0.12 | -0.09 0.12 0.06 0.12 -0.11 | 0.10
1991.4 358 390 033 | 0.03 0.15 0.08 0.17 -0.13 | 0.30
1992.1 329 3.62 0.34 | -0.23 0.08 0.07 0.39 0.01 0.31
19922 296 294 -0.01 | -0.30 0.06 0.05 0.13 -0.02 | -0.08
1992.3 2.73 295 0.22 | -0.09 -0.12 0.04 045 -0.05 0.24
19924 262 333 071 |-025 -0.05 0.02 .11 -0.10 | 0.73
1993.1 241 258 0.16 | -0.50 0.03 0.03 0.82 -0.17 | 0.22
19932 236 249 0.12 | -0.30 -0.01 0.03 049 -0.04 | 0.17
19933 223 251 0.28 | -0.09 -0.01 0.03 0.36 0.01 0.31
19934 222 3.04 0.81 0.08 0.08 0.03 0.51 0.10 | 0.80
1994.1 221 343 122 | 0.55 0.01 0.05 048 0.12 ] 1.20
19942 216 336 120 | 0.60 -0.05 0.04 054 007 ] 1.20
19943 226 338 1.12] 037 -0.08 0.03 068 0.12 | 1.13
19944 223 3.00 0.77 | 0.08 0.01 0.03 0.59 0.06 | 0.77
1995.1 2.16 254 038 | 0.02 0.03 0.01 036 -0.04 | 0.38
19952 2.06 291 0.85 0.57 0.02 0.01 035 -0.08 | 0.87
19953 2.08 281 073 | 0.75 0.03 0.02 020 -023 | 0.77
19954 205 324 118 | 1.17 0.05 0.02 0.13 -0.19 | 1.19
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10

all resid equity housing PIM EX  sum
t+7 Yt Us € 1t €ay €3t €4t €5t €
1996.1 2.05 174 -031|-0.06 -0.01 0.02 0.02 -027 | -0.32
19962 204 195 -0.09| 0.05 -0.09 0.02 0.19 -0.24 | -0.07
19963 187 1.77 -0.10 | -0.26 -0.11 0.02 045 -0.13 | -0.03
19964 190 1.79 -0.12 | -0.32 -0.17 0.01 0.53 -0.11 | -0.05
1997.1 191 1.68 -0.22 | -0.50 -0.16 0.01 0.65 -0.16 | -0.15
19972 181 203 022 |-039 -0.14 0.01 1.00 -0.20 | 0.29
19973 1.74 220 046 | -0.33 -0.11 0.01 1.02 -0.10 | 0.50
1997.4 1.67 223 056 |-0.19 -0.08 0.01 1.03 -0.17 | 0.60
1998.1 149 228 0.79 | 0.01 -0.08 0.01 1.14 -0.23 0.84
1998.2 137 2.08 0.71 | -0.10 -0.11 0.00 1.25 -028 | 0.75
1998.3 140 1.81 041 | -0.29 -0.17 0.00 1.27 -034 | 047
1998.4 131 198 0.67 | -041  -0.21 -0.01 142 -0.06 | 0.74
1999.1 1.19 158 039 | -0.61 -0.29 -0.01 1.40 -0.03 | 0.46
1999.2 1.29 1.51 0.22 | -0.90 -0.17 -0.01 1.21 0.14 | 0.27
1999.3 1.29 1.84 0.55 | -0.66 -0.12 -0.02 1.13  0.25 0.59
19994 1.34 1.66 032 | -0.68 -0.14 -0.03 1.01 0.20 | 0.37
2000.1 1.67 1.68 002 |-063 -0.02 -0.02 056 0.18 | 0.06
20002 1.80 1.77 -0.03 | -031 -0.06 -0.02 034 005 ] 0.00
20003 1.88 123 -065|-022 -035 -0.02 0.07 -0.05 | -0.57
20004 191 1.69 -0.22 | -0.02 -0.15 -0.02 -0.04 0.03 ] -0.19
2001.1 2.11 124 -0.87 | -0.33 -0.19 -0.02 -0.18 -0.12 | -0.85
20012 234 1.89 -044 | -0.12 -0.11 -0.03 -0.01 -0.14 | -0.42
2001.3 235 1.82 -053]-039 -022 -0.03 021 -0.08 | -0.51
20014 239 266 028 | -0.34 0.10 -0.04 052 002 027
2002.1 2.12 3.20 1.08 | -0.08 0.23 -0.04 0.85 0.12 1.09
2002.2 2.08 2.89 0.81 | -0.67 0.25 -0.04 0.89 038 | 0.80
2002.3 2.01 3.49 1.48 | -0.42 0.32 -0.04 1.05 0.58 1.48
20024 2.08 3.51 143 | -047 0.22 -0.03 1.08 062 | 142
2003.1 2.07 333 126 -0.26 0.08 -0.03 088 059 | 1.26
20032 1.83 270 0.88 | -0.43 0.24 -0.03 0.66 047 | 090
2003.3 190 199 0.09 | -0.55 0.05 -0.03 0.41 0.23 0.11
20034 192 1.61 -031 | -0.56 0.20 -0.03  -0.03 0.09 | -0.32
2004.1 220 150 -0.70 | -0.85 0.25 -0.02  -023 0.12 | -0.74
20042 249 1.68 -0.81 | -1.06 0.11 -0.03  -0.04 0.18 | -0.83
20043 259 1.56 -1.03]-097 -0.12 -0.02  -0.07 0.17 | -1.02
20044 2771 150 -1.21 | -0.92 -0.10 -0.03 -024 007 | -1.21
2005.1 2.82 1.89 -0.93 | -0.58 -0.20 -0.04 0.02 -0.07 | -0.88
20052 2.92 206 -0.86 | -0.15 -0.13 -0.05 -0.33 -0.18 | -0.84
20053 3.17 221 -096|-0.11 -0.13 -0.04 -048 -0.18 | -0.95
20054 337 230 -1.06|-023 -0.04 -0.04  -0.69 -0.04 | -1.05
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Table A2
Error Components for Inflation

1 2 3 4 5 6 7 8 9 10
all resid equity housing PIM EX  sum

t+7 Yt Us € 1t €ay €3t €4t €5t €
2006.1 334 239 -096 | -031 -0.04 -0.05  -0.56 0.00 | -0.97
20062 322 254 -0.68 |-0.01 -0.07 -0.05  -0.53 -0.01 | -0.68
20063 328 271 -057 | 027 -0.14 -0.06  -0.55 -0.07 | -0.55
20064 3.14 328 0.14 | 0.68 -0.06 -0.06 -0.37 -0.04 | 0.15
2007.1 3.17 3.11 -0.06 | 0.51 -0.09 -0.03 -0.38 -0.05 | -0.05
20072 3.15 353 039 075 -0.10 -0.01  -021 -0.05| 0.37
2007.3 284 360 077 | 098 -0.08 0.01 -0.02 -0.09 | 0.80
2007.4 271 360 088 | 1.14 -0.08 0.02 -007 -0.12 ] 0.90
2008.1 2.59 3.95 1.36 1.78 -0.04 0.03 -037 -0.05 1.35
2008.2 2.37 3.87 1.51 2.10 -0.11 0.02 -042 -0.07 1.52
2008.3 2.51 3.69 1.19 | 2.04 -0.11 0.04 -0.60 -0.15 1.22
20084 231 366 134 | 227 -0.03 0.07 -0.83 -0.16| 1.33
2009.1 2.14 372 158 | 222 0.03 0.09 -0.55 -025]| 1.54

e See notes to Table 2.
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The US versus DSGE Models

I have argued elsewhere that a model like the US model is a better approximation
of the economy than are currently popular dynamic stochastic general equilibrium
(DSGE) models. The most extensive discussion is in Fair (2007, Section 2). Ta-
ble A3 is a slightly modified version of Table 2 in this paper; it summarizes some
of the main points.

The reference in the last point in Table A3 presents a comparison in terms of
outside sample root mean squared errors of the US model and three models in the
DSGE tradition. This comparison is based on results in Ireland (2004), Del Negro,
Schorfheide, Smets, and Wouters (2006), and Fair (2004). The results show that
the US model is much more accurate, especially regarding real output. This is
perhaps not surprising since DSGE models leave out many first order effects and
are based on assumptions like labor market clearing and rational expectations that
do not seem realistic. As listed in Table A3, first order effects that are usually left
out of DSGE models include 1) no disaggregation of demand into consumption
and investment components, 2) usually no government and foreign sectors, 3) no
stock effects and wealth effects, and 4) usually no wage equation. The US model
disaggregates demand into three categories of consumption, three categories of
investment, and imports. Exports are endogenous in the MC model. Both federal
and state and local governments are in the US model. Lagged stock effects play
a major role: durable goods stock, housing stock, capital stock, inventory stock.
Wealth effects are very important, as has been seen in this paper.

Most DSGE models have the feature that a positive price shock with the nom-
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inal interest rate held constant is explosive or indeterminate. This property has
important implications for monetary policy. In the US model, on the other hand, a
positive price shock is contractionary, as discussed in Section 2 of this paper. This
feature seems strongly supported by the data in the tests that I have done. If true,
then DSGE models that have the opposite feature are likely to be misleading for
most monetary policy analyses.

The US model is completely estimated and has been extensively tested—see
Fair (2004, Chapter 2). Not all tests yield positive results, but overall the model
seems to be a reasonable approximation. In particular the model does fairly well
on coefficient stability tests. If the Lucas critique were a problem, it seems likely
that more stability hypotheses would be rejected. Also, the Lucas critique is
not a problem if expectations are not rational, and tests that I have performed of
the rational expectations hypothesis—again see Fair (2004, Chapter 2)—are not
generally supportive of the hypothesis. The US model has the feature that all flows
of funds among the sectors are accounted for.

Micro theory is behind the specification of household and firm behavior. The
estimated equations are meant to be approximations to decision equations that
result from optimization problems. Theory is used to decide what is on the left
hand and right hand sides of the estimated equations. People using the DSGE
methodology don’t like this way of using theory because it is not as tight as that
used in DSGE work. It is considered ad hoc. But my view is that this is exactly
the way theory should be used. Any more restrictive or rigorous use of theory is
likely to push beyond what the data can tell us. Macroeconomic data are highly

aggregated, and there is a limit to what one can expect to learn from the data.
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Table A3

DSGE Models versus the US Model

Property DSGE Models US Model
Intertemporal optimization?  Yes. Yes.
Rational expectations? Yes. No.
Imperfect competition? Yes. Yes.
Costly price adjustment? Yes. No.

Estimation.

Demand disaggregation.

Government sector?
Foreign sector?
Stock effects?

Wealth effects?
Wage equation?

Real versus nominal interest
rate effects.

Effects of a positive price
shock with the nominal inter-
est rate held constant.

Lucas critique a problem?

Long run tradeoff between
inflation and output?

Accuracy.

Parameters of the theoretical
model are calibrated or esti-
mated.

One aggregate demand equa-
tion.

Usually not.
Usually not.
No.

No.
Usually not.
Real effects imposed.

Explosive or indeterminate.

See Table 1, Fair (2007).

The theoretical model is used
to guide the specification
of the econometric model,
which is then estimated. No
calibration for econometric
model.

Three consumption equa-
tions: services, nondurables,
durables; three investment
equations: nonresidential
fixed, residential, inventory;
import demand equation.
Yes.

Yes.

Yes, on durable consumption,
residential investment, non-
residential fixed investment,
inventory investment.

Yes, on the three categories
of consumption.

Yes, separately estimated
wage and price equations.
Tested, where nominal inter-
est rates generally dominate.
Contractionary.

Not under the assumptions
about expectations.

Lack of tradeoff not tested
because of limited data.
Relationship likely to be
nonlinear.

See Table 1, Fair (2007).
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