An evauation of real GDP forecasts: 19962001

Spencer Krane

Introduction and summary

Increasesin real U.S. gross domestic product (GDP)
averaged an annual rate of 3.2 percent between the
fourth quarters of 1991 and 1995 (the solid linein
panel A of figure 1), arelatively slow pace of growth
considering that the economy was emerging from the
199091 recession. Output then surged in the second
half of the decade, with current estimates showing real
GDPrising at an average annual rate of 4.4 percent
over the 1996-99 period. At the sametime, inflation fell,
with the rate of increase in consumer prices (measured
by the Consumer Price Index, or CPl) moving from
5.4 percent in 1990 to an average of just 2.4 percent
in the second half of the decade (solid linein panel B).
The barsin the graphs show average forecasts of real
GDP growth and CPI inflation made at the beginning
of each year.! Between 1996 and 1999, average real
GDP forecasts were in the range of 2.1 percent to 2.3
percent, while the CPI forecasts were in the range of
2.2 percent to 3 percent. Clearly, forecastersfailed to
predict the outstanding performance of the economy—
they consistently underpredicted GDP growth and,
though to alesser degree, they overpredicted inflation.

At the turn of the millennium, forecasts for real
GDP growth were in the range of about 3 percent to
3.5 percent. While not quite as robust as the actual rates
of growth recorded during the second half of the de-
cade, this still represented asolid gain in output and a
step up from the projections made in that earlier period.
Instead, in the second half of 2000, the expansion be-
gan to falter. The weaknessintensified in early 2001,
with the economy falling into recession in March.

So again, forecasters failed to predict amajor devel-
opment in the economy.

How should we interpret these forecast errors?
The economy is always being hit by shocks, and real
GDP growth naturally fluctuates agreat deal. Further-
more, recessions areirregular occurrences that can be
generated by avariety of unforeseeable events. So, were

the forecast errors during the 1996—-2001 period un-
usual, or did they simply reflect the inherent difficul-
tiesin forecasting? If the errors were unusual, then why
isthisso? In particular, did forecasters change the way
that they were constructing projections, or did the econ-
omy behave in an unusual manner? This article ad-
dresses these questions.

Todo so, | first present a narrative account of the
evolution of real GDP forecasts made during the 1996—
2001 period. This narrative shows, qualitatively, that
forecasters appeared to view most of the errors they
were experiencing during the 1996-99 period astran-
sitory and left GDP projections at a pace just somewhat
below their benchmarks for longer-run growth. How-
ever, around the turn of the millennium, they boosted
their projections for GDP growth, both for the long
run and the nearer term. Indeed, they did so just around
the time that the economy began to weaken.

This strategy clearly resulted in some large and,
during 1996-99, persistent forecast errorsfor real GDP.
| next show that, statistically, the 199699 errors were
unusual—based on forecasters' track records, the odds
of seeing such a string of underpredictions were quite
small. The forecast errorsin 2000 and 2001, though
large in an absolute sense, were not so significant rel-
ative to the performance around earlier turning points
in the economy.

Next, | examine whether the errorswere influenced
by some change in the way forecasters were making
their projections. | use semiannual data back to the
early 1980s to characterize the “typical” way that
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FIGURE 1

Real GDP growth and CPI inflation, 1990-2001

A. Real GDP growth
percent change Q-4-to-Q4

early year
forecast

1990 ‘91 92 93 94 95 96 97 98

.
st
et
K
s,

99 2000 01

regular statistical influence on medi-
um-term forecasts. However, such
factors did not seem to bein play
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These results suggest that the
forecast errors during thistime likely
reflect some unusual behavior in the
economy. Thefinal portion of this
article discusses a couple of important
candidates. First, during the second
half of the 1990s, there was a marked
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eg‘;‘fyfﬁ;ggr Pl tivity. Second, much of the downshift
Nl N W forecast in overall economic activity in 2000

and 2001 reflected asurprisingly abrupt
swing from boom to bust in business
fixed investment. This swing seemed
to accompany arather sharp reassess-
ment by financial markets and busi-
nesses of the earnings potential of
certain investment projects, particu-

Sources: Federal Open Market Committee (FOMC), 1979-2001, Federal Reserve Board
Monetary Policy Reports to Congress, Administration, 1979-2001, The Budget of the United
States Government; submissions and mid-session reviews, and 1979-2001, Economic
Report of the President, Congressional Budget Office (CBO), 1979-2001, The Economic
and Budget Outlook, submissions and mid-year updates; Blue Chip, 1978-2001, Blue
Chip Economic Indicators, various issues; Federal Reserve Bank of Philadelphia, Survey
of Professional Forecasters; U.S. Bureau of Economic Analysis, National Income and
Product Accounts; and U.S. Bureau of Labor Statistics, Consumer Price Index.

larly in the high-technology area. To
be sure, claims were made in the late
1990s that a high tech “bubble” had
developed. But not only are such phe-
nomena problematic to identify ex

ante, predicting the timing and mag-

forecasters adjust projections for growth at various fore-
cast horizons. | find that forecasters appear to view
most shocks as being transitory—they may alter their
near-term outlook in response to incoming data, but
they generally do not change medium- and longer-term
forecasts very much. This means that perceptions of
longer-run trends—or potential GDP growth—provide
an important anchor for projections more than a cou-
ple quarters out. Asjust noted, this characterization
seemsto describe the forecasts made between 1996
and 1999. Some other identifiable factors, such asre-
cessions or shiftsin economic policy, also have had a

Federal Reserve Bank of Chicago

nitude of any “bursting of the bubble’
isvirtually impossible. Indeed, at the turn of the
millennium, even the more pessimistic forecasters
thought that real GDP would rise at more than a
2 percent pace in 2000 and 2001.

Of course, the benefit of hindsight allows usto
analyze history with some knowledge of the important
shocks that hit the economy and of the responses of
households and businesses to those events. Forecasters
do not have this luxury. By their very nature, shocks
are unknowable in advance. And once shocks begin
to unfold, forecasters must make numerous judgment
callsregarding their magnitude and persistence. If the



surprises are unusual—such as those during the 1996—
2001 period—history provides little guidance on how
to make such judgments. Forecasting is further com-
plicated by the fact that incoming datararely provide
aclear-cut reading on the course of events and because
agood deal of time must pass before any persistent
change in the economy can be identified with much
statistical confidence. Asaresult, real-time forecast-
ing is amuch more difficult exercise than dissecting
the performance of projections after the fact.

The data
Theforecasters

For the sake of generality, | consider five widely
cited public and private sector forecasts. The forecasts
are best described as judgmental, although many are
informed to varying degrees by econometric models.

Three important public agencies publish forecasts
twice ayear: The members of the Federal Open Mar-
ket Committee (FOMC) and other District Federal
Reserve Bank presidents present projectionsin their
semiannual Monetary Policy Reports to Congress;
and the Administration and the Congressional Budget
Office (CBO) publish forecasts in conjunction with
the submission and mid-session reviews of the Presi-
dent’s Budget.2 Many private-sector economists pub-
lish macroeconomic forecasts. | use two commonly
cited averages—the consensus outlook published by
Blue Chip Economic Indicators and the median pro-
jectionsfrom the Federal Reserve Bank of Philadelphia's
urvey of Professional Forecasts (SPF) (see Croushore,
1993). Blue Chip forecasts are made each month, while
the SPF is published quarterly. The current Blue Chip
sample covers 52 forecasters, while the SPF covers
about 35; the samples share about 15 respondents.

Theforecasts

The variables projected, forecast periodicity, fore-
cast horizon, and conditioning information vary among
these forecasts. Notably, projections for the current
year are available from each of these sources, but the
FOMC projectsthefollowing year only in its mid-year
report. Forecasts for quarterly data are available only
for the Blue Chip and the SPF. All the forecastsinclude
projections of real GDP, an inflation measure, the un-
employment rate, and, with the exception of the FOMC,
some interest rate. Wide sectoral detail, however, is
available only for the SPF. All of the forecasters except
the FOMC publish “long-run” projections, although
the exact definition of “long-run” and the availability
of these forecasts vary somewhat across forecasters
and over time.

| often refer to “early year” and “mid-year” pro-
jectionsfor real GDP growth. The early year forecasts

all are published in February, though some (notably
the Administration’s) often are compl eted a couple of
months earlier. The mid-year FOMC and Blue Chip
forecasts are released in early July, the SPF in August,
while the exact month that the Administration and
CBO mid-session reviews are rel eased varies through
the summer. | a'so make use of Blue Chip forecasts
made in March and August, the two months when
long-term forecasts are collected. Current-year fore-
casts refer to projections made for the increasein real
GDP between the fourth quarter of the previous year
and the fourth quarter of the current calendar year.
Half-year forecasts refer to annualized growth between
the fourth quarter of the previous year and the second
quarter of ayear or from the second to fourth quarters
of the same year. In addition, in December 1991 the
U.S. Bureau of Economic Analysis (BEA) moved from
using gross national product (GNP) to using GDP as
the featured measure of aggregate output; | use the
forecasts for GNP prior to 1991.

Reference data

When comparing forecasts to outcomes, one must
decide which vintage of the National Income and Prod-
uct Accounts (NIPA) to use for the “actual” values of
GDP and its components. At various times, | present
calculations based on different vintages of the NIPA
in order to compare forecasts with the historical data
in hand when a particular projection was made or to
highlight other features of the data. For the most part,
| construct forecast errors by comparing projections
with the “third” or “final” estimates of the NIPA. When
acomprehensive revision has occurred between the
time a forecast was made and the third estimateis re-
leased, | adjust the forecast error or other data presen-
tations for the average revision to GDP growth over
the previous several years. This purges the analysis
of the influence of the rebasing of GDP or major def-
initional changes that occur with comprehensive re-
visions but most likely were not incorporated in
earlier forecasts.

Forecasting experience of the late 1990s
and the 2001 recession

Below, | present a narrative account of the evolu-
tion of real GDP forecasts made during the high-growth
period of the second half of the 1990s and around the
2001 recession. The discussion highlights the errors
experienced during these periods and some apparent
regularitiesin forecasting procedures that might help
explain these errors. Table 1 presentsthe early year and
mid-year forecasts for GDP growth over the 1996—
2001 period. Table 2 shows forecasters' assumptions
for the longer-run trends in GDP and productivity.
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TABLE 1

Current-year real GDP forecasts, 1996-2001
(Q4-to-Q4 percent change in real GDP)
1996 1997 1998 1999 2000 2001

Early year

FOMC 2.1 2.1 2.4 2.8 3.6 2.3

Administration 2.2 2.0 2.0 2.0 2.9 3.2

CBO 2.1 2.1 2.3 1.8 2.9 2.6

Blue Chip 2.0 1.9 2.1 2.4 3.2 2.3

SPF 2.0 2.3 2.2 2.5 3.1 2.5
Mid-year

FOMC 2.6 3.1 3.1 3.6 4.3 1.6

Administration 21 3.0 2.4 3.2 3.9 1.7

CBO 2.1 3.0 2.9 3.6 4.0 1.7

Blue Chip 2.6 3.2 3.0 3.5 3.9 1.8

SPF 2.8 3.1 3.0 3.2 4.2 1.5
Actual

Third NIPA estimate 3.1 3.7 4.3 4.2 34 0.5

Currently published 4.1 4.3 4.8 4.3 2.3 0.1
H1 error

Blue Chip 1.1 2.0 1.5 1.6 1.4 -0.6

SPF 1.4 1.2 1.3 0.5 1.9 -0.5
H2 revision

Blue Chip 0.1 0.6 0.3 0.7 0.1 -0.8

SPF 0.1 0.5 0.3 1.0 0.2 -1.5
Notes: The National Income and Product Account (NIPA) estimate for the Q4-t0-Q4 increase in real GDP in 1999 (published in March 2000)
was 4.6 percent; the figure in the table is adjusted for the comprehensive revisions to the NIPA that occurred in December 1999. Currently published
are the data published in the 2002 annual NIPA revision. H1 error and H2 revisions are percentage points, annual rate. Since mid-year Blue
Chip forecast is from July, second-quarter data are not yet available; its first half error is based on actual for Q1 and July forecast for Q2.
Sources: Federal Open Market Committee (FOMC), 1979-2001, Federal Reserve Board Monetary Policy Reports to Congress; Administration,
1979-2001, The Budget of the United States Government; submissions and mid-session reviews, and 1979-2001, Economic Report of the
President; Congressional Budget Office (CBO), 1979-2001, The Economic and Budget Outlook, submissions and mid-year updates; Blue Chip,
1978-2001, Blue Chip Economic Indicators, various issues; Federal Reserve Bank of Philadelphia, Survey of Professional Forecasters (SPF);
and Actual: U.S. Bureau of Economic Analysis, National Income and Product Accounts.

Background—Forecasts during the early 1990s
The recovery from the 1990-91 recession was
weak. Typically, the economy experiences a period of
above-trend growth following arecession, as house-
holds and businesses catch up on postponed spending
and inventories adjust to increases in demand. But,
based on datain hand in mid-1992, output rose just
1.6 percent between 1991:Q1 and 1992:Q1, well be-
low the average gain of roughly 5 percent recorded
during thefirst year of the previous five expansions.
Many observers thought that “ headwinds’—such
asbanks' effortsto meet capital standards and disloca-
tions from the downsizing of the defense industry—
were holding back the recovery. But even once these
headwinds subsided, forecasters were not expecting
much make-up for thelost growth. Instead, at 2.7 percent,
the average of the early year forecasts for real GDP
growth between 1992 and 1995 was just a bit above
the generally prevailing views of the economy’slong-
run growth potential. And these forecasts were fairly
accurate: Actual growth averaged 2.6 percent. At
about 1.0 percent, the root mean squared forecasts
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errors (RMSE) of the forecasts were well below their
longer-run averages (see table 3).

Forecasts during the second half of the 1990s

Given therelatively lackluster performance of
the economy over the previous five years, forecasters
entered the second half of the decade with modest
expectations. In early 1996, real GDP was estimated
to have increased less than 1.4 percent (annual rate)
over thefirst three quarters of 1995.2 Forecasters
thought that some of this weakness would persist,
and the early year projections for growth in 1996 were
all closeto 2 percent. Instead, according to the third
NIPA estimates, real GDProse 3.1 percent that year.
Forecasters' early year projectionsfor 1997 and 1998
were not much different from those in 1996—all
looked for real GDP to rise between 1.9 percent and
2.4 percent. Some upped their projections three-tenths
or four-tenths of a percentage point in 1999. But, in
each year, output came in much stronger than expect-
ed: Real GDP rose 3.7 percent in 1997, 4.3 percent in
1998, and 4.2 percent in 1999.4



TABLE 2

Evolution of long-run forecasts
(percent change, annual rate)

1996-98 1999 2000 2001 2002
Real GDP
Administration 2.3-2.4 2.4 3.0 2.9 3.1
CBO 2.0-2.2 2.3 2.8 3.1 3.1
Blue Chip 2.3-2.5 2.5 3.1 3.4 3.2
SPF 2.3-2.5 25 3.1 3.3 3.0
Productivity
Administration 1.2-1.3 1.3 2.0 2.3 2.1
CBO 1.1-1.5 1.8 2.3 2.7 2.2
Blue Chip N.A. N.A. N.A. N.A. N.A.
SPF 1.3-1.5 1.6 2.4 2.5 2.1
1991:Q4 1995:Q4
1995:Q4 2000:Q4
Actual
GDP 2.6 3.9
Productivity 1.1 2.5

Notes: Long-run forecasts are from early year Administration, Congressional Budget Office (CBO), and Survey of Professional Forecasters (SPF)
forecasts and the March Blue Chip. Due to changes in reporting, the horizons used to determine the long run for the Administration and CBO
forecasts vary somewhat over time. Actual data for 1991:Q4-95:Q4 are as published in March 1996; actual for 1995:Q4-2000:Q4 are as
published in the 2002 annual NIPA revision. N.A. indicates not available

Sources: Federal Open Market Committee (FOMC), 1979-2001, Federal Reserve Board Monetary Policy Reports to Congress; Administration,
1979-2001, The Budget of the United States Government; submissions and mid-session reviews, and 1979-2001, Economic Report of the
President; Congressional Budget Office (CBO), 1979-2001, The Economic and Budget Outlook, submissions and mid-year updates; Blue Chip,
1978-2001, Blue Chip Economic Indicators, various issues; Federal Reserve Bank of Philadelphia, Survey of Professional Forecasters; Actual:
U.S. Bureau of Economic Analysis, National Income and Product Accounts; and U.S. Department of Labor, Bureau of Labor Statistics.

All told, the early year forecasts shown in table 1
underpredicted real GDP growth by between 0.9 and
2.4 percentage points during the 1996-99 period. Thus,
the most obvious characteristics of these forecastsis
that, in contrast to the 1992-95 period, the errors made
during the second half of the decade were persistent-
ly positive and they were large.

Theseforecasts exhibit another interesting feature.
Thefact that forecasters did not make substantial changes
to their GDP projections suggests that they thought
the errors they were experiencing largely reflected
transitory shocks or factors that would be offset by
other developments. Thisview is supported by the mid-
year forecasts shown in table 1. While these all gen-
erally looked for stronger growth than the early year
projections, the differenceslargely reflect theincorpora-
tion of datain hand for the first half of the year. This
can be seen using the quarterly forecasts made by Blue
Chip and SPF. Table 1 presents the errorsin the early
year forecasts for real GDP growth in the first half of
the year and the revisions made at mid-year to fore-
casts of second-half growth.® In 1996, 1998, and 2000,
forecasters made large errorsin the first half of the
year but did not revise their second-half projections
very much. Modest upward adjustments were made
in 1997, but these still left the second-half forecasts

below 2.7 percent. In 1999, the forecasters made more
substantial upward revisionsto their projections for
growth in the second half of the year, pushing them
above the 3 percent mark.

If most variationsin GDP growth are viewed as
transitory, then perceptions of longer-run trendsin
growth must be an important factor anchoring the
annual GDP forecasts. Indeed, between 1996 and
early 1999, the published assumptions for long-run
growth were all in the range of 2 percent to 2.5 per-
cent (table 2). And in each year, the early year forecasts
for annual growth were generally just somewhat be-
low these assumed longer-run trends. However, after
four years of persistently strong growth and low in-
flation, in late 1999 and early 2000 forecasters began
to boost their assumptionsfor long-run real GDP growth
to around 3 percent. Thus, it probably is not a coinci-
dence that around thistime forecasters’ mid-year pro-
jections also included a substantial upward revision to
the projection of growth in the second half of the year.

Forecasts for 2000 and 2001

Forecasts made early in 2000 were looking for real
GDP to rise between 2.9 percent and 3.6 percent that
year—closeto forecasters’ updated perception of poten-
tial growth. Inthe event, growth in thefirst half of the
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year was quite robust. According to the estimatesin
hand at mid-year, real GDP advanced at an annua rate
of 5.5 percent in the first quarter of the year and like-
ly posted another healthy gain in the second quarter.

Forecasters again did not think this“extra’ strength
would persist. For example, the Blue Chip and SPF
mid-year forecasts for growth in 2000:H2 were both
about 3.3 percent, and forecasts made at thistime for
real GDP growth in 2001 averaged about that pace. But
instead of simply settling down to trend, GDP growth
surprisingly collapsed during the second half of 2000.
According to the NIPA estimates availablein March
2001, real GDP growth slowed to a 2.2 percent rate
in 2000:Q3 and a 1 percent pace in 2000:Q4.°

In response, forecasters began to project slower
growth, with most early-year forecasts for the increase
inreal GDPin 2001 running between 2.3 percent and
2.6 percent. By mid-2001, the economic picture had
soured further, and forecasters marked their projections
for growth down substantially. That said, the changes
were not large enough. The mid-year forecasts were
clustered in the range of 1.5 percent to 1.8 percent.
Instead, according to revised estimates published in
July 2002, real GDP changed little over the four quar-
ters of 2001—and it fell at an average annual rate of
0.8 percent over the first three quarters of the year.
Thus, despite the downward revisions, forecasters
failed to predict the 2001 recession.

But, again, forecast errors are not the complete
story. Notably, relative to the 1996-99 period, the pro-
jectionsfor growth in 2001 were adjusted quickly. For
example, the early year Administration forecast for
2001 was based on the data on hand as of the middle
of 2000:Q4. It projected real GDP growth in 2001 would
be 3.2 percent—about the same as the SPF and Blue
Chip forecasts released in November 2000. However,
over the next couple of months, the extent of the slow-
down in the economy showed through more clearly
in the monthly indicators of activity. Asaresult, the
2001 early-year FOMC, CBO, Blue Chip, and SPF
forecasts—which were based on data availablein late
January or early February—all had been marked down
to between 2.3 percent and 2.6 percent.

How unusual were the forecast errors
during 1999-20017?

Clearly, forecasters made larger errors during the
second half of the 1990s then they did during the first
half of the decade. And while they reacted quickly to
incoming information, they missed the sharp deceler-
ation in activity in 2000 and 2001. But economic growth
varies substantially over time, and the fluctuations are
difficult to predict. Thus, one must ask whether these
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forecast errors were unusual or simply reflect inherent
difficultiesin forecasting.

The first two columns of table 3 show some sam-
ple statistics for the errorsin the various forecasts cal -
culated using data between 1980 and 1995. The mean
errors for the early year forecasts are near zero, while
their root mean square errors (RM SE) range between
1.3 percentage points and 1.7 percentage points. For
reference, the standard deviation of real GDP growth
over that period was about 2 percent. Furthermore, based
onasimpleregression of the current error on itslagged
value, one cannot reject the hypothesis that the errors
are uncorrelated across years. The mean errors for
the mid-year forecasts also are near zero, and their
RM SEs are between 0.9 and 1.3 percentage points.”8

In contrast, for every forecaster, all four early year
forecasts made between 1996 and 1999 underpredict-
ed real GDP growth. Furthermore, the errors were large:
The average errors varied between 1.5 and 1.8 percent-
age points (table 3, column 3). For every forecaster,
this average was greater than one RMSE of thefore-
cast errors experienced during the 198095 period. The
mid-year forecasts were only slightly better—they
too, all underpredicted growth, with average errors
between 0.7 and 1.2 percentage points.

How unusual were these errorsin a statistical
sense? Suppose that each year’s forecast errors were
drawn from independent t-distributions with means and
variances as estimated using the 1980-95 data. (That
is, t-distributions with means and standard errors as
shown in the first two columns of table 3 and 16 de-
grees of freedom.) Because there is only about a one-
in-six chance of experiencing asingle draw greater
than one standard deviation from these t-distributions,
the odds of drawing four consecutive errors of this
size from independent distributions are miniscule.®
Indeed, none of the five forecasters ever made four
consecutive same-signed errorsin their early year
forecasts during the 1980-95 period. And, on average,
each forecaster experienced only two strings of three
consecutive same-signed errors—and half of these
occurred during recessions.

How unusual were the errorsin 2000 and 2001?
The far right column of table 3 indicates that, on av-
erage during 2000 and 2001, both the early year and
mid-year forecasts overpredicted real GDP growth
by nearly 1 percentage point. In addition, as noted
earlier, the errorsin the early year prediction of real
GDP growth in 2001 were quite large, between 1.8
and 2.7 percentage points. However, the dynamics of
an economy dipping into recession are quite different
than one in expansion. Indeed, as we see in the fourth
column, the average errorsin 2000 and 2001 are not



TABLE 3

Forecast statisticsfor errorsin current-year real GDP growth forecasts
(percentage points)
1980-1995 Mean errors for:
Mean 1980-82
error RMSE 1996-99 1990-91 2000-01

Early year

FOMC -0.02 1.30 1.48 -0.69 -0.99

Administration -0.29 1.67 1.78 -1.39 -1.11

CBO -0.19 1.45 1.76 -1.22 -0.81

Blue Chip -0.18 1.39 1.73 -1.29 -0.81

SPF -0.11 1.44 1.58 -1.27 -0.86
Mid-year

FOMC 0.02 1.22 0.71 -0.37 -0.99

Administration -0.20 1.26 1.16 -0.78 -0.86

CBO -0.26 0.92 0.93 -1.41 -0.91

Blue Chip -0.07 1.30 0.76 -0.74 -0.91

SPF 0.14 1.01 0.80 -0.09 -0.89
Standard deviation of GDP growth 2.05 0.51 0.77
Notes: RMSE are root mean square forecast errors. Errors and standard deviations of GDP growth are calculated using the third estimates
of Q4-to-Q4 real GDP growth (adjusted for comprehensive NIPA revisions).
Sources: Federal Open Market Committee (FOMC), 1979-2001, Federal Reserve Board Monetary Policy Reports to Congress; Administration,
1979-2001, The Budget of the United States Government; submissions and mid-session reviews, and 1979-2001, Economic Report of the
President; Congressional Budget Office (CBO), 1979-2001, The Economic and Budget Outlook, submissions and mid-year updates; Blue Chip,
1978-2001, Blue Chip Economic Indicators, various issues; Federal Reserve Bank of Philadelphia, Survey of Professional Forecasters; and
U.S. Bureau of Economic Analysis, National Income and Product Accounts.

much different from those observed during the 1980,
1981-82, and 199091 recessions.

How unusual were the forecast procedures?

Theresultsin the previous section suggest that
the forecast errors during 1996-99 were drawn from
adifferent distribution than they were, on average,
during 1980-95. The question then arises whether
this digparity reflects unusua behavior on the part of the
forecasters or an unusua performance by the economy.
This section addresses the first part of this question.

Typical evolution of GDP forecasts

How do GDP forecasts “typically” evolve over
time? Given the qualitative descriptions above, re-
stricting analysis to annual forecasts might hide some
interesting reactions—or non-reactions—of higher-
frequency forecasts to incoming data. Furthermore,
longer-term projections appear to be an important part
of the story. Only the private sector forecasts publish
both quarterly and long-term forecasts. Accordingly,
| analyze the Blue Chip consensus numbers rel eased
each March and October, the two months when re-
spondents also are surveyed for long-term forecasts.°
Note that the time gap between these months corre-
sponds roughly with the interval between the early year
and mid-year forecasts used above. And since the
different annual forecaststrack each other relatively

closely, the patternsin these data likely generalize
fairly well to the behavior of other forecasters. The
appendix describes these datain more detail.

Given the periodicity of these forecasts, | consid-
er semiannual time series of growth projections for
half-year periods. Let % (t+k) bethe forecast made
in period t for (annualized) real GDP growth in peri-
odt + k. For example, if t falsin thefirst half of the
year (that is, the March forecasts) and k = 1, then

f. 9 (t+k) is the forecast for growth between the
second quarter and the fourth quarter of the year.
The available forecast horizonsarek =0, 1, 2. Let

f. 9 (Ir) be the forecast of long-run growth made at
timet. Alternatively, for any half-year periodt, |
have a sequence of three forecasts made in half-year
periods— t—2,t—1,and t— £ (t), f%°(t), and

f. 9 (t) —respectively. These |atter forecasts are the
bars plotted in the three panels of figure 2 (with the
time grid identifying period t, the half-year being
forecast). The solid linein each panel isthe forecast
of long-run growth, f%°(Ir), and the dashed lineis
actual half-year GDP growth (see appendix).

Aswe can seg, in general, the one-year and one-
half-year ahead forecasts do not differ substantially
from the longer-run outlook (panelsA and B). The
standard deviations of the differences between these
forecasts and the long-run projections are 0.7 per-
centage point and 0.8 percentage point, respectively;
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for reference, these standard deviations are just about
one-quarter the size of the average half-year growth
forecast. However, at times, some large differences
do open up. Some occur in the first half of the 1980s,
when activity was projected to bounce back from the
deep recessionsin 1980 and 1981-82. Others are found
during 1989 and 1990, when real GDP was correctly
projected to grow well below trend. In contrast, fore-
casters projectionsfor growth in the current half-year
period (panel C) often differ substantially from their
long-term outlook. The standard deviation of the dif-
ference between %% (t) and % (Ir) is1.5 percent-
age points, with differentials running aslarge as 3 to
4 percentage points during recessions and the recovery
in 1983.
Figure 3 presents a couple of factors that may

help explain the patternsin figure 2. Panel A
plots £ (t) (bars), £%F(Ir) (solid line), and

f5% (t—2)— % (Ir) (dashed line), the expected de-
viation of thereal Treasury bill rate fromitslong-run
average the year before the end of the forecast period.
The figure suggests that high interest rates may have
led forecastersto lower their year-ahead growth pro-
jectionsin the mid- and late 1980s. The converse
appears to be true in 1993 and 1994. Panel B plots

P (t) and £, (Ir) aong with the most recent value
of the Chicago Fed Nationa Activity Index, or CFNAI
(the dashed line), that would have been observed at the
time the forecast was made. The CFNAI isaconvenient
way to summarize alarge number of the regular month-
ly indicators that forecasters use to gauge the current
pace of economic activity."* (Note that a CFNAI vaue
of zero corresponds with theindicators growing at their
long-run averages.) In general, there does not appear
to be much correlation between the CFNAI and the
longer-run forecasts, with the possible exception of a
negative correlation when projecting arecovery from
recession. |n contrast, forecasts for the current semi-
annual period do appear to change substantially in
conjunction with such data. Aswe seein panel C,

f. 9 (t) often deviatesfrom f,%®(Ir) in the direction
indicated by the movementsin the CFNAI. The largest
deviations are found in and around recessions.

Quantifying the forecast processes
This section estimates a couple of simple regres-
sion modelsin order to provide some rough quantifi-
cation of the patterns exhibited in figures 2 and 3.
Thefirst model considers how forecasts for
growth over half-year periods differ from the outlook
for longer-term GDP growth. The regression is:

Federal Reserve Bank of Chicago

£ (t+k)- £ (Ir)=a+b[f" (t+k-2)-
£2 (I )] +b,CFNAI™ (t—1)+ b,CFNAI/ (t-1)+
us® (t+k),

wherek =0, 1, 2 and the regressors are

1) £ (t+k—-2)— £ (Ir): the difference between
the real Treasury hill rate and the long-run value
expected to be in place one year before the end
of the forecast period;

2) CENAI" (t—1) : the most recent value of the
CFNAI known at the time the forecast was made
if itisgreater than —0.7; and

3) CENAI; (t—1): the most recent value of the CFNAI
known at the time the forecast was madeif itis
lessthan —0.7.

Thenr and r superscripts refer to “no recession”
and “recession” CFNAI values. This dichotomy isto
address the observation that forecasters may react
differently to incoming datain and around recessions.
The boundary point is taken from Evans, Liu, and
Pham-Kanter (2002); as they discuss, historically,
when the CFNAI falls below —0.7, there is about a 70
percent chance that the economy isin recession.

The second model considers forecast revisions,
that is, how forecasters change their projection for a
particular semiannual period in light of recent forecast
errors or other information that they learn between
timet — 1 and timet. For the change in the forecast
for real GDP growth in the current half-year period t,
themodel is:

£ (t)- f 5P (t) =a+hrev?® (t-2)+
b,err (t-1)+berr™ (t-1)+

b,err ™ (t—1)+ud® (t),

where

1) rev®® (t—2): the revision made between period t
—1andtinthe published estimate of real GDP
growth over half-year t — 2;

2) err (t-1): the error in the forecast made at time
t—1for real GDP growth over half-yeart—1
based on actual GDP data availablein period t;

3) err™ (t—1): the error in the forecast made at time
t — 1 for the (quarterly) real T-bill rate at the end
of half-yeart—1; and
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Interest rates, current activity, and Blue Chip half-year real GDP growth forecasts

A. One year earlier GDP forecasts and real interest rates
percent change, annual rate
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B. One year earlier GDP forecasts and the CFNAI
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Note: To smooth inherent volatility, the three-month moving average of the CFNAI, which is designated CFNAI-MA3, is plotted in the figure. The real
T-bill rate differential if the difference between the real T-bill rate and its long-run expectations (see appendix).
Sources: Federal Reserve Bank of Chicago, CFNAI; and Blue Chip, 1978-2002, Blue Chip Economic Indicators, various issues.
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4) err ™™ (t—1): the “shock” in the CFNAI learned
at timet. Thisistheresidual from asimple AR(2)
model predicting the most recent vaue of the CFNAI
that would be known at the time the period-t fore-
cast of GDP is made.

| ran asimilar equation for thereal T-bill forecast.
The equations for the period-t revisionsin the longer-
horizon forecasts (k= 1, 2, Ir) are:

P (t+k)— £ (t+k) =a+brey™ (t-2)+
b,err®® (t-1)+b,err” (t-1)+b,err ™ (t-1)+
T u® (4 ) + X byu (t+ ) +ut® (t+k).

The extraterms in these regressions—the residu-
als from the shorter-horizon equations—test whether
unaccounted for factors that generate revisionsin fore-
castsfor earlier time periods are expected to persist
and affect growth in the farther out quarters. Thisis
similar to tracking impul se responses in a vector au-
toregression.

The resultsfor the first model are shownin
table 4. Asindicated by the R? values, the interest
rate deviations and the CFNAI explain
more than 60 percent of the variationin
the difference between % (t) and

£ (Ir), but only about 20 percent

of the variation in revisionsto current and one-half-
year-ahead forecasts but little of the changes to long-
er-run forecasts. Consistent with the first model,
much of the explanatory power for the one-quarter-
ahead revision comes from the shock to the CFNAI,
but this shock has little predictive power for revi-
sions to the out-quarter forecasts. None of the projec-
tions are revised much in response to the most recent
GDPforecast error. And with the possible exception of
the half-year-ahead forecast, the reactions to the por-
tion of earlier GDP revisions not explained by the
model are small. Errors and revisions in the outlook
for the T-bill rate have at most a small influence on
the GDP forecast revisions.

Together, these models suggest that projections
of real GDP growth beyond the next couple of quarters
usually do not vary far from forecasters' long-run
growth outlook; the exceptions are when events such
asrecessions or changesin monetary policy comeinto
play. Forecasters may make large revisionsto near-term
projections for real GDP growth in responseto in-
coming high-frequency data, but the average responses
to past GDP and interest rate forecast errors and revi-
sions are small. These results suggest that forecasters
think that most of the “shocks” revealed in incoming

TABLE 4

. odp ) Explaining deviationsin half-year forecasts
of t?ggp'(nt thl) (tl‘td‘?zlr)ft A (Ir) andtr;10ne of real GDP growth from the long-run forecast
in f, - f, . Asseeninthe
top row, a positive interest rate differen- Eﬁfefam fOftQFOWtthV?f
tial appearsto be taken as asignal of Current L g;;rygz al mgbne year
strong activity in the near term, but causes half year ahead ahead
forecastersto lower their one-year-ahead . _
gdp egression on:

fOfecaStSbeIOW f'[ (Ir)- The CFNAI fztb/(t+k_2)_fttb/(/r) 0.24 -0.12 -0.20
termsindicate that current half-year fore- (2.21) (-1.22) (-2.39)
casts are significantly raised or lowered CFNAI™ (t - 1) 1.46 0.30 0.12
relative to the long-term outlook in reac- (4.37) (1.04) (0-54)
tion to good or bad readings on incoming CFNAL (2~ 1) (g-g%) (:8-28) (:g-‘z‘g)
high-frequency indicators of activity. And _ 0'61 0'00 0'18
the larger coefficient on CFNAI! (t—1) i ' ' '
than CFNAI" (t-1) indicates that the re- Std. dev.of
sponses are bigger when the economy ap- e+ R = 1700 1.30 0.70 0.58
pears to be falling into recession. But the 1982-95: Mean error 0.08 0.08 0.04
medium-term forecasts react little to the RMSE 0.70 0.75 0.57
incoming data, the exception being that if 1996-9¢9: ’F‘Q/"\‘jlgnEe”Of —8-28 —8-21 —8-%‘1‘
the economy currently isin arecession, ' ' '

hen f ast il tend t edict . 2000-02: Mean error -0.34 -0.11 0.02
then torecasters will tend to predict a peri- RMSE error 1.37 0.63 0.32
od of above-trend growth at the one-year-

. Notes: T-statistics in parentheses. Semiannual Blue Chip data, 1982:H2 to
ahead horizon. 2002:H1. RMSE are root mean square forecast errors.
The results from the second model are Sources: Federal Reserve Bank of Chicago, CFNAI; Blue Chip, 1978-2002, Blue
. = Chip Economic Indicators, various issues; and U.S. Bureau of Economic Analysis,

shown in table 5. As shown by the R? val- National Income and Product Accounts.

ues, these factors explain about 40 percent
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1Q/2003, Economic Perspectives



TABLE 5

Explaining revisionsto forecasts of real GDP growth
Forecast for growth over the two quarters ending:
Current Half year One year
half year ahead ahead Long-run
Regression on:
revf””(t -2) 0.48 0.60 -0.24 0.07
(1.78) (4.41) (-1.58) (2.37)
err,g"”(t— 1) 0.08 -0.01 -0.10 -0.01
(0.712) (-0.23) (-1.70) (-0.93)
err,'”’(t—l) -0.21 0.23 0.04 0.17
(-0.64) (1.55) (0.26) (2.77)
Zu{"”(t+ /) 0.16 0.11 0.07
(1.92) (0.46) (1.20)
U+ ) 0.02 -0.06 0.08
(0.14) (-0.12) (0.58)
errf”""’(t— 1) 1.48 0.18 -0.12 -0.04
(4.67) (1.29) (-0.72) (-1.20)
R? 0.38 0.38 0.14 0.24
Std. dev. of % (t+ k) — F7(t + k) 1.29 0.57 0.55 0.10
1982-95: Mean error -0.03 -0.03 0.05 -0.02
RMSE 0.83 0.45 0.47 0.08
1996-99: Mean error 0.36 0.22 -0.19 0.04
RMSE 0.61 0.34 0.44 0.07
2000-02: Mean error -0.38 -0.15 0.13 0.04
RMSE 1.85 0.21 0.39 0.07
Notes: T-statistics in parentheses. Semiannual Blue Chip data, 1982:H2 to 2002:H1. RMSE are root mean square forecast errors.
Sources: Federal Reserve Bank of Chicago, CFNAI; Blue Chip, 1978-2002, Blue Chip Economic Indicators, various issues; and U.S. Bureau
of Economic Analysis, National Income and Product Accounts.

monthly data or recent errors have only atransitory
influence on real GDP growth or will be offset by other
factors. Those shocks that are more persistent could
be expected to elicit a policy response that would have
an influence on output at alonger horizon. Indeed, in
qualitative terms, the characterization of the GDP
forecast process provided by these two simple mod-
elsis consistent with the time-series evidence—such
asthat generated by structural vector autoregression
(VAR) models—regarding the response of real GDP
to various shocks (see appendix).

Were the forecastsin 19962001 unusual?

The above statistical description appears consistent
with our earlier qualitative characterization of forecasts
during the 19962001 period. Notably, as seenin fig-
ure 3, the Blue Chip one-year-ahead forecasts for rea
GDP growth in 1996-2000:H1 were a bit lower than
the long-run projections. Thus, forecasters were not
carrying earlier underpredictions or forecast revisions
forward into higher projectionsfor GDP growth in the
out quarters. Indeed, forecasters were expecting other
factors—such as external shocksfromtheAsian crisis

Federal Reserve Bank of Chicago

in 1997 and the Russian default in 1998—to hold
back growth. Not until 2000, when long-term fore-
casts were increased, do we seeaboost in %P (t)
and f%P(t).Furthermore, the substantial downward
revisionsin f,%® (t) in 2000 and 2001 appear consis-
tent with the declinesin the CFNAL.

Supporting these qualitative descriptions, the errors
in our simple equations describing the forecast process
were not that different from those experienced prior to
1996. (Though given the quite weak explanatory power
of these models, the analysis of errors only provides sug-
gestive evidence.) Asindicated by the average errorsin
the bottom portion of table 4, forecasts during 1996—
99 were a bit lower than the first model predicts. Simi-
larly, near-term forecasts were revised up a bit more
than wastypical (as shown in the bottom of table 5).
However, in both cases, the differences are at most a
few tenths of a percentage point on GDP growth and
are not statistically significant. For the 2000-02:H1
period, the near-term forecasts are 0.3 to 0.4 percent-
age point lower than predicted by the models, but these
errors are small relative to the revisions between

£ (t) and % (t) in 2000 and 2001.%2
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FIGURE 4

Nonfarm business productivity

A. Productivity
index, 1992 = 100

was expected to run in the 1 percent
to 1.5 percent range, about the same
as the pace that had prevailed since
the early 1970s. Demographic pro-
jections (not shown) showed the

National Bureau of Economic Research.
Source: U.S. Department of Labor, Bureau of Labor Statistics.

Notes: The vertical black lines denote the four-year mark after the end of the
previous recession. The shaded areas indicate recessions as defined by the

=20 working age popul ation rising about
1 percent per year, which was thought
110 / to translate into like-sized increases
in hours worked. This left the projec-
/ tionsfor long-run GDP growth in the
90r scul /peak_to_peak range of 2 percent to 2.5 percent.
productivity / trend Because long-run forecasts an-
7ol chor the medium-term outl ook, changes
in productivity trends have important
/ implications for the forecasting exer-
50 A e cise. The colored line in panel A of
1960 06 e 8 84 %0 90 0z figure 4 plotsthe level of productivi-
B. Deviation of actual productivity from peak-to-peak trend ty (output-per-hour) in the nonfarm
percent business sector. The black lineisthe
2r simple trend of productivity between
business cycle peaks.®* Aswe can
sk see, productivity is quite cyclical—it
typically falls during arecession (or
period of weak growth) and rises
40 sharply early in arecovery. But pro-
f)\ﬂ ﬂ\/""“\A AN ductivity rarely accelerates persis-
9 \ tently during amature business cycle.
V V v The vertical black linesin the figure
denote the four-year mark after the
4 R e end of the previous recession, while
1960 66 72 78 84 90 96 02

panel B plots the (percent) deviation
in actual productivity from the peak-
to-peak trend. As we can see, the only
previous time that productivity re-
mained well above trend four years

Unusual behavior of the economy

Given that forecasters seemed to be conducting
business as usual, the question is what economic de-
velopments made forecasting so difficult? It is beyond
the scope of this article to catalog the vast number of
factors—and forecasters’ perceptions of them—that
influenced the economy over 1996—-2001. Instead,
| focus on two related devel opments: the step-up in
productivity growth and the boom and bust in busi-
ness investment. Both of these were inherently diffi-
cult to predict. And both had important implications
for GDP forecast errors during this period.

Acceleration in productivity

Thetrend in labor productivity is one of the fun-
damental determinants of long-run growth. Aswe
seeintable 2, in the mid-1990s, productivity growth

14

into the expansion was during the
late 1960s. But even then, the gap between actua and
trend productivity was not increasing—that is, actual
productivity growth was proceeding at its peak-to-
peak trend. In contrast, in the mid-1990s, productivity
growth picked up markedly and persistently outstripped
earlier trends. The four-quarter increase in output-
per-hour exceeded the 1.4 percent peak-to-peak trend
that prevailed between 1980 and 1990 in every quar-
ter between 1996:Q1 and the cyclical peak in 2001:Q1.
The average growth rate of productivity over this pe-
riod was 2.5 percent.

Even now, determining how much of the pick-up
was transitory, though long-lived, and how much of
it represented a permanently higher trend is a diffi-
cult task. Almost by definition, achange in the trend
cannot be identified until we have observed a sub-
stantial amount of data following the break. Indeed,
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FIGURE 5

Capital services, investment, and productivity
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Note: The shaded areas indicate recessions as defined by the National Bureau of
Economic Research. Panel A plots four-quarter percent changes in private nonresidential
fixed investment and year-to-year changes in capital services.

Sources: U.S. Department of Labor, Bureau of Labor Statistics and U.S. Bureau

deal of uncertainty remained regard-
ing how much of the pick-up in pro-
ductivity reflected a permanently
higher trend (see Gordon, 2000). But,
by 2001, most of the forecasters had
raised their assumptions for the trend
growth in productivity to the 2.3 per-
cent to 2.7 percent range. Correspond-
ingly, they boosted long-run growth
forecasts for real GDP growth to the
3 percent to 3.5 percent range. These
long-run assumptions became a new
anchor for nearer-term forecasts.

Increasesin capital and
information technology

One reason that forecasters
changed their views of thetrendsin
productivity isthat some of theimpor-
tant factors underlying the gainswere
thought likely to be long-lived. In
particular, agood deal of the step-up
in growth that occurred in the second
half of the 1990s reflected intensified
capital deepening and developments
in the information technology (1T)
sector. Oncein place, capital does not
disappear, and the longer-run pros-
pectsfor IT were quite optimistic.

Jorgenson and Stiroh (2000) and
Oliner and Sichel (2000) both esti-
mated that about half of the accelera-
tion in productivity between the first
and second halves of the 1990s was

of Economic Analysis.

due to capital deepening—or anin-

aslate as 1999, forecasters' estimates of the econo-
my’s longer-run trends in productivity growth re-
mained between 1.3 percent and 1.8 percent.
Eventually, however, a confluence of corroborat-
ing evidence led forecasters to change their expecta-
tions. Thefact that the high GDP growth was associated
with low unemployment and subdued inflation indi-
cated that the economy’s productive resources were not
being strained. The economy also had proved unex-
pectedly resilient to external shocks. Furthermore, fore-
casters found themsel ves underpredicting every major
component of domestic private demand, suggesting
that the source of strength was some broad-based phe-
nomenon as opposed to a sector-specific shock.
Finaly, as discussed below, agood ded of theincrease
in productivity growth appeared to reflect sources
that could proveto be persistent. To be sure, agreat

Federal Reserve Bank of Chicago

creasein the quality and quantity of

capital used per hour worked. Surgesin capital deep-
ening often reflect cyclical weaknessin hours. But
this time the gains were due to a sustained pick-up in
capital services, ameasure of the productive input
provided by the total business capital stock in the
economy. Panel A of figure 5 shows the growth rates
of aggregate capital services (colored line) along
with business fixed investment (black line). Growth
in capital services had edged down from 4.7 percent
in 1985 to 2.1 percent by 1992, but a surge in invest-
ment in the 1990s boosted its growth to about 6 per-
cent by the end of the decade.?®

Indeed, the large gains in investment depicted in
the figure account for a good deal of the pick-up in
overall real GDP growth during the 1996-99 period.
According to the July 2002 revised NIPA data, after
increasing at an average annual rate of about 5 percent
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between the cyclical peak in 1990:Q3 and 1995:Q4,
real business fixed investment (BFI) rose at about an
11 percent annual rate between 1995:Q4 and 2000: Q2.
Asaresult, BFl moved from boosting real GDP growth
by an average of about 0.5 percentage points per year
during the first half of the 1990sto raising it between
0.8 and 1.5 percentage points per year during the sec-
ond half of the decade.

Technology also was an important factor in the
productivity acceleration. The studies cited above also
estimate that between 60 percent and 100 percent of
theincrease in capital deepening reflected increases
in the quantity and quality of high technology capital
used by labor. Changes in technology also influence
output per hour through other channels. Multifactor
productivity refersto increasesin output per hour that
cannot be attributed to capital deepening or changes
in labor quality. Aswe seein panel B of figure 5, mul-
tifactor productivity also exhibited an unusually sharp
acceleration in the second half of the 1990s. Both
Jorgenson and Stiroh and Oliner and Sichel calculated
that improvements in the production of IT products
made substantial contributionsto this accelerationin
multifactor productivity. And more recent estimates
by these authors using up-to-date data point to even
larger IT contributions to the acceleration in overall
productivity in the second half of the 1990s.

Collapse of investment and decline in activity
in 2000 and 2001

Even though forecasters boosted their views re-
garding the longer-run prospects for the economy, they
expected several factorsto moderate GDP growth in
2000 and 2001.%¢ All told, forecasters believed that
these factors would bring GDP growth down to its
longer-run potential, but would not be sufficient to
tip the economy into arecession.

However, as aready noted, by their very nature,
recessions are periods of unusual economic activity and
are therefore hard to predict. Thistime, as shownin
panel A of figure 5, the demand for capital equipment
suddenly and surprisingly collapsed in the second half
of 2000. In particular, in the high-tech area, bookings
for capital equipment fell sharply, inventory—salesra-
tios backed up, and industria production began to drop.
Instead of the solid 10.5 percent annual rate increase
projected by the SPF in August, BFI barely changed in
the second half of 2000. In February 2001, the SPF fore-
cast real BFI to increase 4.5 percent over the four quar-
ters of the year; instead, according to the third NIPA
estimates, it fell 9.4 percent. Similarly, the pace of in-
ventory investment did more than just moderate; by
2001 firms were liquidating inventories at asharp rate.
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According to the July 2002 revised NIPA data,
real BFl swung from double-digit gainsto dropping at
an average annual rate of 6.3 percent between 2000:Q2
and 2001:Q4. Asaresult, BFI reduced real GDP growth
by 1.2 percentage points in 2001—a negative swing
of 2 to 2.6 percentage pointsrelative to its contribu-
tions to growth during the second half of the 1990s.
Spending on high-technology equipment, which rep-
resents about one-third of total BFI, accounted for a
good deal of this swing. Changesin inventory invest-
ment went from being, on balance, a neutral influence
on GDP growth in 1999 and the first half of 2000 to
reducing it by nearly 1.5 percentage pointsin 2001.
In contrast, slower growth in all other sectors of the
economy—with a share of about 85 percent—reduced
real GDP growth by just about 1 percentage point be-
tween 2000 and 2001.

I nvestment and the adjustment of capital stocks
Thus, the forecast missin GDP seemed to have
been precipitated by a sudden swing in investment,
followed by a sharp correction in inventories. Even
though some stock adjustment had been anticipated, the
extent of the drop-off clearly was underestimated. Why
are such swings in investment so hard to forecast?
Some simple arithmetic regarding capital stocksand
flows provides a useful way to frame the discussion.
For any particular type of capital, call it theith type,

Kti = K[i—l_SiIK'[i—1+|[i’

or

KL = g+,

where || isinvestment, K, isthe end-of-period cap-
ital stock, §; isthe depreciation rate, and g; isthe
growth rate of this component of the capital stock. The
simple arithmetic of thisequationis: 1) if g; and §;
arerelatively stable in the long run, then so will be
I /K| ,, meaning that investment and the capital
stock will be growing at the samerate, g; ; and
2) toincrease g, , investment must grow faster than
the capital stock for some period in order to boost
I /K, ,. Conversely, to lower g;, investment will
have to grow slower than capital for some time.
Suppose technological innovation makes some
type of capital more productive, for example, a new
chip makes computers more powerful. Businesses will
want to raise the growth rate of computer capital to
take advantage of the higher margina value of the new
computers. In order to do so, for some time investment
in computers would have to increase at a higher rate
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than that of the computer capital stock. Asthe higher
desired capital isachieved, growth in investment will
fall. But to what rate? To the degree the innovation
reflects a permanent change in the growth rate of
technology, growth in both capital and investment
will settle at anew higher g; . To the extent that it is
aone-time step-up in technology, growth will fall back
totheorigina g .*” The basic logic of this discussion
extends to describing the behavior of aggregate in-
vestment and capital.

Gauging growth in investment and capital stock
in 1996-2001

The arithmetic presented above indicates that in
order to pin down the path for investment, forecasters—
at least implicitly—have to make some judgment con-
cerning the persistence of any observed pick-up in
capital growth. Such decisions clearly wereimportant
during the 19962001 period. As we noted earlier,
capital growth was spurred by the desire to incorpo-
rate advances in technology, boosting the growth in
capital services, g, to around 6 percent by the end of the
decade. The February 2000 SPF forecast projected that
real BFI would increase about 8 percent that year—and
some of this gain reflected spending that was thought
to have been deferred dueto Y 2K. Thus, this forecast
for the underlying rate of increasein real BFI was not
far from the pace of growth in capital services. Such
aprojection produces a constant I/K = g + 8, the
equilibrium condition for stable growth in invest-
ment and capital.

In other words, it appears forecasters had come to
believe that we had experienced along-lived increase
in the rate of advance in technology that should gen-
erate apersistent increase in the rate of growth in capi-
tal and in the investment spending to support this growth.
But, given the magnitude of the swing in investment,
it seemsthat forecasters overestimated where the growth
rate of capital would settle over the medium term.8
What happened to the determinants of capital stock
growth that may have caused this miss?

Around thistime, both the playersin financial mar-
kets and the businesses making capital spending deci-
sions appear to have reevaluated the earnings potential
of certain investment projects. The deceleration in BF
was preceded in early 2000 by a declinein stock prices.
In both the equity markets and investment, the retrench-
ments were particularly dramatic in the high-technol-
ogy sectors—just as these sectors had led the surge
on the upside. Whatever itsroot cause, such areas-
sessment clearly was a negative for new investment
projects. And to the extent that expected payoffsto
capital projects already undertaken were revised
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down, earlier investment may have pushed the capital
stock to alevel that, in retrospect, was too high. This
would imply a period of below-trend growth in the cap-
ital stock and an even sharper retrenchment in invest-
ment in order to realign stocks with desired levels.

Could this reassessment have been predicted?
To be sure, by conventional historical standards, eg-
uity valuation metrics—such as price—earnings ratios
or dividend—price ratios—were at unprecedented levels
in early 2000. And the high rates of investment had
substantially pushed up growth in capital. Many com-
mentators argued that these facts meant that the stock
market was “overvalued” and that firms had over-
built productive capacity. Based on these observations,
one might have thought that a“ bursting of the bub-
ble” would lead to weak activity 2000 and 2001.

But actually forecasting such an event is problem-
atic. Throughout the second half of the 1990s, stock
market val uation metrics had been continuously attain-
ing new historical records, and some observers had
been continuously predicting market corrections (see
for example, Campbell and Shiller, 2001). Yet equity
markets kept moving up and investment surged further.
Forecasters who may have lowered their earlier pro-
jections due to such reservations also would have un-
derestimated the strength of the economy to an even
greater degree than the consensus did in the late 1990s.
Indeed, when it came to writing down numbers, even
the more pessimistic forecasts did not predict outright
declinesin GDP in 2000 and 2001. In February
2000, the average of the lowest ten Blue Chip fore-
casts still had real GDPrising 2.2 percent that year,
and this group even boosted their outlook to 3.3 per-
cent in July. Even after the stock market declines and
weak investment indicators during the second half of
2000, as of February 2001 the bottom-ten Blue Chip
average forecast that real GDP would increase 1.2
percent that year. And in July, the pessimists still
thought that output would rise at about a 1 percent
annual rate in the second half of the year.

Conclusion: Implications for future
forecasts

Because up-to-date estimates are not yet available
(see note 15), we cannot look at the decomposition of
productivity to see how growth in capital servicesor
multifactor productivity has performed in recent quar-
ters. However, asfigure 4 shows, growth in total labor
productivity has been very well maintained. Between
the cyclical peak in 2001:Q1 and 2002:Q3, growth in
output per hour has averaged a strong 4 percent annual
rate.’® This performance more resembles the cyclical
patterns around the 1960 and 1969 recessions, when
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productivity trends appeared to be nearly 3 percent,
than the behavior of output per hour around the re-
cession between 1973 and 1990, when productivity
trends were closer to 1.25 percent to 1.5 percent.®

A number of researchers have made rough esti-
mates of what might be reasonable steady-state values
to expect for growth in output per hour. As summarized
in Oliner and Sichel (2002), the numerous scenarios
considered in these papers produce a range of values
between 1.3 percent and 3.2 percent, with point esti-
mates largely between 2 percent and 2.8 percent. Thus,
while areturn to pre-1995 rates can not be ruled out,
most analysts are guessing that the economy will ex-
perience higher productivity growth in the long run.

These estimates leave uswith arelatively optimis-
tic view about productivity trends going forward. In
line with this perception, long-run forecasts for real
GDP growth have not changed much over the past cou-
ple of years. The most recent assumption for long-run
growth, made in October 2002 by the Blue Chip con-
sensus, was 3.2 percent. Accordingly, despite the re-
cession, and, to date, bumpy recovery, forecasters still
are anchoring their cyclical projectionsfor real GDP
growth with solid trends in the underlying long-run
pace of growth in economic activity.

NOTES

1The average forecasts plotted in figure 1 are the averages of the
early year projections made by the Federal Open Market Committee
(FOMC) and other Federal Reserve Bank presidents, the Adminis-
tration, the Congressional Budget Office (CBO), the Blue Chip
Consensus, and the median forecast from the Federal Reserve
Bank of Philadelphia's Survey of Professional Forecasters.

2The Federal Reserve publishes arange and central tendency of
forecasts made by the FOM C members and other Bank presidents.
| use the middle of the central tendency as the FOMC point fore-
cast. Other details regarding the data are available from the author
upon reguest.

SThese figures are the growth estimates that were available in
mid-January 1996. Comprehensive revisions to the NIPA were
published that month, but they covered data only through 1995:Q3;
estimates for 1995:Q4 were delayed until March, after the early
year forecasts for 1996 were made.

4The 1996, 1997, and 1998 figures are from the third NIPA estimates
for growth in those years. The October 1999 comprehensive revi-
sions to the NIPA added business expenditures on software to the
estimates of business fixed investment. The BEA estimates this
added 0.41 percentage point to average real GDP growth between
1992 and 1998. The 1999 growth figure cited above is the third
estimate less 0.41 percentage point.

SFirst-half errors are estimated using the information available at
the time of the mid-year forecast. The mid-year SPF forecasts are
made in August, so the actual values used to calculate the first-half
error are the first estimates of growth in the second quarter. The
mid-year Blue Chip forecasts are made in July, before second-
quarter data are available; the first-half Blue Chip “error” isthus
calculated using the actual value for GDP in for the first quarter
and the revision made between early year and mid-year in the
forecast for second-quarter GDP growth.

5The revised NIPA estimates published in July 2002 paint a some-
what different picture of these developments. Real GDP growth
during the first half of the year was revised down from 5.2 percent
to 3.8 percent, and the increase in the third quarter is now estimated
to bejust 0.6 percent (annual rate). The estimate of real GDP
growth in 2000:Q4 is still about 1 percent.
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A large literature exists that examines the performance of macro-
economic forecasts; see for, example, Berger and Krane (1984),
McNees (1992, 1995), Romer and Romer (2000), Schuh (2001),
and the references cited in these papers. Many papers conduct
formal statistical tests of forecast efficiency. One criterion for ef-
ficiency isthat forecast errors should be independent of informa-
tion known at the time a forecast was made, which includes the
lagged forecast error. Schuh rejects the efficiency of annual SPF
forecasts of GDP, though the rejection is due to correlation with
variables other than the lagged GDP forecast error.

8The 198095 period includes three recessions, 1980, 1981-82,
and 1990-91. Excluding these years from the calculations, the
mean errors of the early year forecasts are between 0.2 and 0.4
percentage point and the RM SEs are between 1.1 and 1.5 percent-
age points. For the mid-year forecasts, the means are between 0.1
and 0.3 percentage point and the RMSEs in the 0.6 to 0.8 percent-
age point range.

SCumulative sum (CUSUM) plots also suggest a structural break in
the distributions of the errors during this period. Recursive t-tests
(see Harvey, 1989) using the 199699 errors easily reject that the
errors have a zero mean when the tests are constructed using the
standard deviation of the errors over the four-year period. How-
ever, the recursive t-tests only reject at between the 6 percent and
9 percent level if the standard deviation of the errors over the
1980-95 period is used. Finally, Schuh also finds that the average
forecasts from the SPF, Blue Chip, and Wall Sreet Journal made
statistically significant underpredictions of real GDP growth dur-
ing the 1996-2000 period.

1°The March and October Blue Chip surveys ask for forecasts of
averages for GDP growth, inflation, and a number of other variables
over two five-year intervals—one beginning two years from now
and one beginning seven years from now. These rarely differ by
more than one-tenth or two-tenths; | use their average as the long-
run forecast. The Blue Chip is more useful than the SPF for this
exercise, mainly because the latter publishes long-term forecasts
just once a year and has been doing so for GDP only since 1992.
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1The CFNAI is aweighted average of 85 monthly indicatorsin
five broad categories: production and income, labor markets, con-
sumption and housing, manufacturing and trade sales, and inven-
tories and orders. The weights are chosen using principal component
analysis and reflect the series’ correlation with the (unobserved)
common movement in all of the indicators. (See Fisher, 2000, and
Evans, Liu, and Pham-Kanter, 2002.) To smooth through inherent
volatility, the three-month moving average of the index often is
used; this average is plotted in figure 3 and used elsewhere in this
article.

2Similarly, Schuh concludes that the SPF forecasters were not be-
having unusually during the 19962000 period. In addition, Schuh
finds that the SPF forecasts fail to exploit certain statistical rela-
tionships among the forecast errors for different variables. He pos-
tulates that the large errors during this time may havein part reflected
a confluence of macroeconomic factors—perhaps intensified by
structural changes in the economy—that magnified the conse-
quences of forecasters' failure to make efficient use of these rela-
tionships.

3Specifically, the trends connect the level of productivity between
the business cycle peaksin 1960 and 1969, 1969 and 1973, 1973
and 1980, and 1980 and 1990; this last trend line is then extended
through 2002:Q2.

*This statement is based on the SPF data, which include projections
of personal consumption expenditures, residential investment,
business fixed investment, government purchases (federal, state,
and local), net exports, and inventory investment.

5Annual capital services data are published by the U.S. Bureau of
Labor Statistics in conjunction with their multifactor productivity
estimates. Jorgenson and Stiroh provide a description of why capi-
tal services measure the productivity of the capital stock. Note
that the investment datain figure 5 are quarterly and are from the
NIPA data available in late 2002. At that time, capital services and
multifactor productivity data (shown in panel B of figure 5) were
available only through 2000; furthermore, these data do not re-
flect the influence of the July 2002 annual revisions to the NIPA.

8First, monetary policy had been tightened—the federal funds rate
had been raised 175 basis points between the spring of 1999 and
the spring of 2000—and forecasters were expecting further increases
in rates. Second, the price of imported oil had risen, which acts as
atax on U.S. energy consumers. Third, equity markets—which
had been skyrocketing since late 1994—began to edge off in March
2000, so that the boost to spending from wealth effects was ex-
pected to wane. Furthermore, in order to adjust stocks to higher
desired levels, outlays for housing, consumer durable goods, in-
ventories, and business capital al had been increasing at high rates,
and growth in these expenditures was expected to cool as the stock
adjustment process ran its course. Finally, some drop in spending on
high-tech equipment also was anticipated, following the tempo-
rary boost to outlays for these items in 1999 and early 2000 by
firms addressing Y 2K contingencies.
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"Even if the advance is a permanent rise in the level, but not the
growth rate, of technology, the level of the desired capital stock
still is higher. Accordingly, the transition from the old to new
time path for the capital stock will require some period of el-
evated capital stock growth and even higher investment growth.
But once the new path isreached, g, needsto fall back toitsold
value. Consequently, investment needs to grow less than the capi-
tal stock for some period to bring I, /K, back down to the
original g, +9,.

BEven in “normal” times, investment is difficult to predict because
of the large cyclical swingsin its demand and the frictions caused
by the costs of planning, installing, and operating new capital (see
Oliner, Rudebusch, and Sichel, 1995). Y 2K also complicated mat-
ters during the period, as firms first boosted high-tech investment
in order to deal with potential problems and then delayed spending
to avoid having to break in new equipment close to the January
2000 century date change. But the size of the errors noted above
suggests that other factors also were in play during this period.

9| ndeed, the strong performance of productivity may be one reason
that the economy weathered the shock of the events of September
11, 2001, better than many predicted. Forecasters revised down
their projections for real GDP a good deal immediately following
the terrorist attacks, with the Blue Chip forecast from October 2001
projecting a 1 percent annual rate drop in real GDP in 2001:H2
and the SPF forecast made in November looking for asimilar de-
cline. According to the latest NIPA estimates, real GDPfell at an
annual rate of 0.3 percent in 2001:Q3 but rose at a 2.7 percent pace
in 2001:Q4. In the fall of 2001 the Blue Chip and SPF forecasts
for growth in 2002 were in the 2.5 percent to 3 percent range; and
as of December 2002, projections for growth in 2002 are in the
2.7 percent to 2.9 percent range.

2For example, if we assume that the cyclical trough occurred dur-
ing 2001:Q4, then 2002:Q3 is three quarters after the trough. At
thistime, the level of productivity was 6.1 percent above its level
at the 2001:Q1 peak. Three quarters after the troughs for the 1960
and 1969 recessions, productivity was 5.8 percent and 7.3 percent,
respectively, above its value in the peak quarters. But three quar-
ters after the troughs of the 1973, 1980, 1981, and 1990 recessions,
productivity was just 1 percent to 4 percent higher than at the
preceding cyclical peaks.
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APPENDIX: DATA, TIMING CONVENTIONS, AND INTERPRETATIONS OF REGRESSION MODELS

EVALUATING THE BLUE CHIP FORECASTS

In March, t signifies the first half of the year and the

k = O forecast is for growth from the fourth quarter of the
previous year to the second quarter of the current year.
The k = 1 forecast is from the second quarter to the fourth
quarter of the current year; the k = 2 forecast is from the
fourth quarter of the current year to the second quarter
of the following year. For October, t corresponds to the
second half of the year; the k = O forecast is for second-
to-fourth quarter growth, and so on. At the time the Oc-
tober Blue Chip is published, the most recent National
Income and Product Accounts (NIPA) data are the third
estimates for the second quarter of the current year; in
March, the most recent data are the second estimates for
the fourth quarter of the previous year. However, revi-
sions between the second and third estimates of the NIPA
usually are small, so that the statistical results probably
are not substantially influenced by differencesin thein-
formation sets available to the forecastersin March and
October.

The actual datafor gross domestic product (GDP)
during thefirst half of the year are taken from the third
NIPA estimates; the actuals for the second half of the
year are the estimates published with the annual revi-
sions made in the following summer. Both are adjusted
for the average influence of any NIPA comprehensive
revision that may have occurred between the time the
forecast was made and the actual datawere published.
Given our timing conventions, err,**(t —2) essential-
ly reflects revisions to GDP that occur with compre-
hensive revisionsto the NIPA that are larger than the
adjustments described above. Theresultsin table 5
indicate that forecasters apparently carry forward these
influences in their medium-term forecasts.

Thereal Treasury bill forecast is constructed by tak-
ing the difference between the expected average nominal
Treasury bill (T-bill) rate for a quarter and the expecta-
tion of long-run inflation. If tisin March, the interest
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rate differential is from the second quarter of the previ-
ous year; if tisin October, it is from the previous fourth
quarter. Thet — 2 value is used to account for lags be-
tween changes in interest rates and their influence on the
real economy. The short-term Treasury bill forecasts
were first available in 1982. Long-run T-bill forecasts
were first made in 1983; | constructed a 1982:H2 value
using other Blue Chip long-run interest rates.

The Chicago Fed National Activity Index (CFNAI)
has been published only since 2000, so areal-time series
isnot available. Instead, | use the index as currently
published. To account for publication lag, for March,
| assume the forecasters knew the January value of the
CFENAI; for October, | assume the latest available index
was from August.

Asnoted in the text, in qualitative terms, the results
from the regression models are consistent with the time-
series evidence—such as that generated by structural
vector autoregression (VAR) models—regarding the re-
sponse of real GDP to various shocks. As an example,
consider the results from Gali (1992). These show that
a favorable one-standard-deviation supply shock increases
real GDP by 2.8 percentage points (annual rate) in one
quarter, and that a real-side demand shock boosts growth
by 2 percentage points. But over the following four quar-
ters, the supply shock raises average growth by just 0.4
percentage point, while the demand shock has little fur-
ther effect. In contrast, a money supply shock has a 0.6
percentage point impact over the one to five quarter-
ahead period. In addition, the short-lived shocks explain
larger fractions of the GDP forecast error variance—at
the one to five quarter horizon, the supply shock explains
about two-thirds, demand shocks one-fifth, and the mon-
ey supply shock about one-eighth of the variance. Of
course, these figures are only illustrative, as such calcu-
lations are model-specific, notably with regard to the
restrictions used to identify shocks.
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