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Michael D. Boldin

Federal Reserve Bank of New York

Dating Turning Points in the
Business Cycle*

I. Introduction

Business-cycle turning points, dates that the
economy switches from expansion to recession
and vice versa, have always been a source of
interest in macroeconomic research. These turn-
ing points are often used to compare the ampli-
tude and other relevant characteristics of differ-
ent cycles, to identify unique periods, and to test
competing economic theories. Most important,
business-cycle dates continue to play a role in
efforts to determine the causes of recessions and
to design public policy that would prevent or at
least limit the duration and impact of economic
downturns.!

Numerous methods to identify turning points,
with varying degrees of technical sophistication,

* The views expressed here are mine and do not necessar-
ily reflect the views of the Federal Reserve Bank of New
York or the Federal Reserve System. I am grateful to many
colleagues at the bank, especially Charles Steindel and Patri-
cia Mosser, who provided useful comments and suggestions.
George Green at the Bureau of Economic Analysis, Jim
Stock, and the research staff at the National Bureau of Eco-
nomic Research were also very helpful in providing data and
clarifying some important issues. Cindy Silverio provided ex-
cellent assistance in this project. I alone am responsible for
any errors or misinterpretations.

1. Consider the Gramm-Rudman-Hollings law, where Sec-
tion 254, entitled ‘‘Special Procedures in the Event of a Re-
cession,”’ provides for suspension of mandated deficit ceil-
ings when real economic growth is negative in 2 consecutive
quarters. See Zarnowitz and Moore (1991) for a detailed dis-
cussion of this section of the law.
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I review and evaluate
procedures for dating
peaks and troughs of
the business cycle.
Five different methods
are judged on their his-
torical performance,
ease of replication, clar-
ity, timeliness, flexibil-
ity, and the validity of
underlying assump-
tions. In addition, I ex-
amine the 1990-92 pe-
riod in detail where
two newer dating meth-
ods are especially in-
sightful because they
use statistically rigor-
ous methods to derive
turning point probabili-
ties, and, thereby, the
inherent uncertainty in
the data can be recog-
nized. I also conclude
that additional research
is needed on this topic
to resolve some impor-
tant controversies’
about business-cycle
characteristics.
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have been developed over the years. Like much of applied economics,
the dating of turning points has been practiced as a craft as well as a
science. This article reviews the most popular procedures, evaluates
their historical performance, and discusses the validity of the underly-
ing assumptions. Each method is also judged on ease of replication,
clarity, timeliness, and flexibility.

Since labels of peak and trough do not necessarily affect fundamen-
tal conditions in the economy, it is sometimes argued that the dating
of recessions and expansions is not germane to basic economic re-
search. The best response to this concern is that business cycles are
undeniably real-world phenomena. Different recessionary periods
seem to have more in common with each other than they do with
the expansions that surround them. Therefore, economists often use
turning point dates to discern how the economy operates in these two
separate regimes.

One problem is that official or consensus dates are not available
when the study of the business-cycle data is most timely, and previous
research has tended to focus on forecasting turning points. However,
quick confirmation that a recession has begun or ended is almost as
elusive as accurate predictions of future business-cycle trends. There-
fore, this article argues for giving greater attention to real-time busi-
ness-cycle dating methods.

To help judge the usefulness of the different dating methods, each
was applied to the 1990-92 period, when the course of the economy
was very uncertain. The National Bureau of Economic Research
(NBER), considered by many to be the official source of the U.S.
business-cycle chronology, declared a peak in July 1990 and a trough
in March 1991. Some of the alternative dating methods suggest that
the recession continued into mid-1992. Compared to past cycles, such
wide disagreements are unprecedented, as trough dates are usually
much clearer than peaks. The confusion can be traced to the fact that
employment growth continued to be very weak after other measures
of economic activity, such as industrial production, had clear troughs
in 1991. This suggests that an important structural change may have
occurred.

Besides providing unique insights into the current economic situa-
tion, the various dating procedures and their problems point out areas
of further interesting research. Issues that pertain to both the statistical
and theoretical validity of dating procedures are highlighted. They in-
clude the appropriateness of various detrending procedures, evidence
of breaks and asymmetry in the data, and the implications of models
that reject the popular view that both recessions and expansions usu-
ally die of old age (duration dependence). Continued research is defi-
nitely needed to improve our ability to understand both turning points
and the more general business-cycle phenomenon.
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II. Business-Cycle Terms and Concepts

Before examining and comparing different business-cycle dating meth-
ods, it is useful to review some important terms and concepts. Usually,
economists define recessions and expansions in accordance with Burns
and Mitchell (1946, p. 3): ‘‘Business cycles are a type of fluctuation
found in aggregate economic activity of nations that organize their
work mainly in business enterprises: a cycle consists of expansions
occurring at about the same time in many economic activities, followed
by similarly general recessions, contractions, and revivals which
merge into the expansion phase of the next cycle; this sequence is
recurrent but not periodic; in duration business cycles vary from more
than one year to ten to twelve years; they are not divisible into shorter
cycles of similar character with amplitudes approximating their own.”’
Stages of the cycle are inferred primarily from the level of economic
activity. Turning points are called peaks—the period immediately pre-
ceding a decline in real activity, or recession—and troughs—the pe-
riod immediately preceding an upturn, or expansion. In this article,
distinctions based on growth-cycle concepts, a related theory that at-
tempts to identify periods of above and below average growth in the
economy, are not made. Therefore, the dating of recessions is suffi-
cient since periods of rapid recovery are not separated from latter
stages of an expansion.

One controversy with the Burns and Mitchell definition is whether
it allows for a single-index view that assumes a common cyclical com-
ponent in the fluctuations of many different data series. Some econo-
mists reject the single-index view and instead rely on reference-cycle
dates that summarize general movements in economic activity.? There
is also considerable debate on the use and abuse of detrending tech-
niques that are used to determine peak and trough dates. Terms such
as nonstationarity, unit roots, and random walks are used in the more
technical research. The main controversy pertains to assumptions that
the level of real output is trend reverting and follows a well-defined
path. It is well-known that spurious relationships are less likely when
growth rates are used, but important information can be lost when the
effects of trend reversion are ignored.

Single-index models usually assume that business-cycle fluctuations
are extrinsic phenomena and do not affect assumptions about the un-
derlying structure of the economy. Other models and dating techniques

2. For example, Sargent and Sims (1977) refer to Koopmans’s (1947) critique of Burns
and Mitchell’s work in justifying the single-index view as a useful first approximation.
In contrast, Zarnowitz and Moore (1986) emphasize the cyclical conformity and coher-
ence of numerous variables. This disagreement turns out to be less important than
expected, however, since a ‘‘true’’ index is not observable and there is considerable
noise in constructed proxies.



100 Journal of Business

explore the importance of breaks in trends. For example, one of the
dating methods estimates distinct changes in the equation that de-
scribes a particular time series. Therefore, this model has two statisti-
cal regimes, and cycles are intrinsic. An important feature of this in-
trinsic view is that business cycles can be asymmetric, such that
recessions and expansions are not mirror images of each other. In
contrast, constant parameter and single-index models invariably as-
sume that positive and negative shocks have symmetric effects.
Another characteristic that is related to the extrinsic/intrinsic dichot-
omy, because it pertains to regime switches, is duration dependence.
This view holds that the likelihood of a turning point increases the
longer a particular regime goes on. The duration dependence view is
seen in much of the economic analysis on Wall Street, where it is
often claimed that a turning point is imminent just because the current
recession or expansion has persisted for a longer than average time.

III. Turning Point Dating Methods

The business-cycle dating procedures that are discussed below are
(a) the NBER Business Cycle Dating Committee approach, (b) gross
domestic product (GDP) rules of thumb, (c) peaks and troughs of the
Commerce Department’s business cycle indicators, (d) Stock and Wat-
son’s experimental business cycle indicators, and (¢) Markov switch-
ing models.® One standardization I make is to use only data that was
available as of January 1993 for the main analysis. The effects of revi-
sions before and after this date are noted and discussed when im-
portant.

To qualify as a useful dating technique, each procedure needs
(1) careful and clear documentation of the data that is examined and
(2) a means to distinguish recessions from expansions. The second
step, known as a pattern recognition problem, does not have to be
inflexible. In fact, flexibility can be useful since business cycles are
irregular in periodicity and each recession has some unique factors
and conditions. At the same time, dating procedures should be replica-
ble and not seem arbitrary under both cursory and more careful expert
examination.

The NBER approach is a good example of a flexible dating proce-
dure. This private organization has a long history of research on U.S.
business cycles, and their business-cycle chronology is considered by
most economists to be the official source for peak and trough dates.
However, it should not be assumed that any particular set of turning
point dates are ‘‘correct,”” and one of the main purposes of this article

3. I also looked at two sequential dating procedures—Zarnowitz and Moore (1982)
and Neftci (1982)—that were not very useful in confirming turning point dates.
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is to investigate the merits of alternative dating methods. For example,
simple rules based on n consecutive periods of upward/downward
movement are commonly applied to either GDP or monthly indices of
economic activity. However, there exists considerable confusion over
whether these inflexible rules define ‘‘official’’ business-cycle turning
points. Stock and Watson and Markov switching model methods take
much more sophisticated approaches that have not been fully dis-
cussed or explored in the literature.

A. NBER Business Cycle Dating Committee

The current members of the NBER Business Cycle Dating Committee
are William Branson, Martin Feldstein, Benjamin Friedman, Robert J.
Gordon, Robert E. Hall (chair), Geoffrey Moore, and Victor Zarno-
witz. There has been almost no turnover in membership since the
committee’s inception in 1980.* Prior to 1980, the NBER was also the
main source for business-cycle dates with Moore and Zarnowitz being
principals in work that expanded on the pioneering studies of Burns
and Mitchell.

The committee’s method for selecting turning point dates is prag-
matic since it requires a consensus among members who tend to use
different methods to analyze macroeconomic conditions and trends.
Nonetheless, NBER reports, press accounts, and articles by the mem-
bers of the committee provide a good understanding of the most impor-
tant factors. (For example, see Zerwitz [1989].) Under the NBER ap-
proach, peak and trough dates are selected by looking for clear changes
in both the trend and level of economic activity. Numerous data series
that are believed to be coincidental with the aggregate economy are
analyzed, and clusterings of turning points are used to set the reference
cycle dates. The committee’s decision process seems to closely adhere
to Burns and Mitchell’s concept of the business cycle, which (1) re-
quires full cycles to last over 1 year and is skeptical of those lasting
less than 2 years, and (2) chooses later (as opposed to earlier) turning
point dates, both in periods of flatness and of multiple spikes (unless
the spikes show a clear downward or upward pattern).” To provide
consistency, comparisons are also made to patterns observed at previ-
ous NBER dates. Although the committee decisions can be criticized
as slow in forthcoming, this approach avoids premature and false calls.

1990-92 period. In April 1991, the committee designated July 1990

4. The only change has been with Martin Feldstein’s position. He was an original
member but was replaced in 1981 (with Eli Shapiro) when he became head of President
Reagan’s Council of Economic Advisors. He returned to the dating committee in the
late 1980s.

5. See Burns and Mitchell (1946, pp. 56-59), and note that the second criterion can
result in the selection of a peak (trough) that does not necessarily correspond to the
highest (lowest) point in an expansion (recession) phase.
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as the peak, and in the official account of the decision, Hall (1991/92)
explained that this month was a compromise. Figure 1 shows that as
of January 1993 the four series Hall considers most important in dating
decisions had individual peaks of April (income), March (employ-
ment), August (manufacturing and retail sales), and September (indus-
trial production, or IP).®

In December 1992, the NBER committee announced that the reces-
sion’s trough occurred in March 1991. Table 1 shows that the 20-month
delay was long compared to their previous decisions. Before dating
the 1980 and 1982 troughs, the committee took 12 and 8 months, re-
spectively. The committee justified the delay as necessary in making
sure that real GDP had clearly exceeded its 1990 high point and that
there was a true expansion.” March 1991 was chosen because IP
started a clear upward movement in April and there was a leveling off
in employment at this time.® Figure 2, which provides comparisons to
recessions in 1970, 1975, 1980, and 1982, shows that IP turned up
sharply near each of the previous trough designations. In this respect,
the March 1991 date seems inconsistent with the previous NBER deci-
sions.’

Figure 2 shows one problem with this date, however. Within 12
months of previous troughs, all four series have clearly rebounded and
are close to or exceed their prior peaks. Twenty months after March
1991, only sales and IP showed a true rebound and were close to
1990 levels. The sustained weakness in employment and income was
unique. Therefore, placing greater weight on employment and income
data, it can be argued that a general expansion did not begin in 1991.
This interpretation of the data is also more consistent with Burns and
Mitchell’s criteria that tend to choose later turning point dates.

Despite economic sluggishness in the mid-1991 to mid-1992 period,
none of the four series showed a true double-dip. The declines in IP
and sales in late 1991 were modest and quickly reversed. Statements
about a double-dip (made largely in the business press) seem based on

6. The original income peak was in July, and the employment peak was June. Later
data revisions slightly altered these patterns. In fact, revisions after January 1993 moved
the employment peak back to June and the trough was changed to February 1992. Also,
the depth of the downturn was lessened in more recent data releases (relative to that
shown in fig. 1).

7. Itis also likely that political acumen kept the committee from making an announce-
ment before the 1992 presidential election.

8. This explanation is based on earlier press statements by both Hall and Moore.

9. To evaluate the possibility that the low point in January 1992 is a more appropriate
trough date, I applied the algorithm that Romer (1992) devised to replicate the post—
World War II NBER selection process. Her procedure requires that a second distinct
trough be chosen over an earlier, lower value unless the cumulative gain is greater than
11%. The cumulative gain between March 1991 and January 1992 was over 20%, and,
therefore, the earlier date is chosen.
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TABLE 1 NBER Announcements of Business-Cycle Dates
Months of:
Date Type Announced Delay Duration
January 1980 peak June 1980 6 6 recession
July 1980 trough July 1981 12 12 expansion
July 1981 peak January 1982 7 16 recession
November 1982 trough July 1983 8 110 expansion
July 1990 peak April 1981 9 8 recession
March 1991 trough December 1992 20 s

comparisons of upturns in series like IP to later downturns in employ-
ment. Such an apples-versus-oranges comparison makes this view un-
appealing. Comparisons to the 1980—83 period, in which the committee
identified two distinct recessions, also are useful in judging the plausi-
bility of a double-dip decision. In deciding that a brief, but true, expan-
sion began in mid-1980, the NBER committee argued that the recovery
clearly followed normal patterns.!® While the 1991-92 period was un-

usual in many respects, the identification of
type recession cannot be made.

a second separate NBER-

10. Source: NBER Reporter (1981/82, 1983). Hall (1991) also cautions against identi-
fying false troughs such as the unsustained upturn that started in January 1982.
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B. GDP Growth Rules

Many economists believe that 2 consecutive quarters of negative out-
put define the start of an official recession. Figure 3 shows that the
correspondence between a ‘‘2-quarter GDP’’ rule and NBER recession
dates is not very exact, however. One clear disagreement is the very
short recession of 1980, when the percentage decrease in the second
quarter (1980:2) was the largest in the postwar period and growth in
1980:3 was only 0.1%. Also, the barely positive growth rate (0.4%) in
1960: 3 caused the 1960-61 recession to be missed. By strictly applying
a 2-quarter rule, only three of the six NBER recession dates since 1960
are captured (using a tolerance of plus or minus 1 quarter).!!

Figure 3 clearly demonstrates that peaks and troughs designations
are harder to make with growth rates than they are with levels data
(such as in figs. 1 and 2). Also, while zero growth as the cutoff point
in defining the start of a recession is reasonable, the appropriateness
of a symmetric criterion for the beginning of an expansion is less clear.
McNees (1991) evaluated quarterly based output rules and argued that
a 1% cutoff model is more useful. Figure 3 shows that an alternative
asymmetric rule that sets peaks whenever there are 2 out of 3 quarters
of negative growth and subsequent troughs whenever there are 2 out
of 3 quarters of growth greater than 2.5% would more closely match
NBER dates. The 2.5% cutoff for the beginning of an expansion is
useful since growth should be higher than average after a recession
ends. In fact, very high GDP growth (usually over 5%) confirms that
the NBER trough dates mark distinct changes in the economy.

1990-92 period. The NBER’s July 1990 peak date is consistent
with the beginning of the latest recession being marked by 2 consecu-
tive quarters of negative GDP growth. Positive growth started in
1991:2, which would support placing the trough in spring 1991 as the
NBER committee did. While it is true that there have never been two
consecutive increases in GDP before an NBER trough, it is just as
noteworthy that weak growth in the last 3 quarters of 1991 (between
0.6% and 1.7%) contrasts strongly with the pattern of prior recoveries.
The 2-out-of-3-quarters rule, which looks for growth over 2.5%, places
the end of the recession in 1991:4.

C. Commerce Department’s BEA Indicators

The Commerce Department’s Bureau of Economic Analysis (BEA)
computes three popular series for business-cycle analysis: the coinci-

11. The gross national product (GNP) has typically been used for this method, but I
keep to the new emphasis on GDP. Nonetheless, the conclusions are quite robust to
using GNP.
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dent (CI), leading (LI), and lagging (LgI) indicators. The construction
methodology for these series is based on research that began with
Burns and Mitchell and was continued by other NBER economists.
The monthly percentage change in each indicator is a weighted average
of growth in individual components:

n
8 = Z Bigi,t + a.
i

By summarizing various data sources into one series, these indicators
follow the single-index view. The weights (B,) are inversely related to
the estimated volatility of each component’s growth rate (g; ,). Adjust-
ments (a) are also used to give each indicator the same underlying
trend as GDP, which is currently assumed to be 3.0%.2

The CI series uses the same four series highlighted by Hall (with
only a slightly different definition for employment). Not surprisingly,
figure 4 shows that peaks and troughs occur almost exactly at NBER
dates. It is noteworthy that employment data receive the greatest
weight, almost three times as much as the IP series, which explains
the relative smoothness of the CI. It is also evident in figure 4 that LI
and Lgl, which have different components, are much more volatile
but show appropriate lead and lag relationships.

The BEA has not established a clear rule for choosing the peaks and
troughs they have designated for each series. Indeed, there seems to
be considerable flexibility as some dates are not even (local) minimums
or maximum values in the surrounding 12-month period. This is not to
say that the selections are arbitrary.'® I applied a three consecutive
increase/decrease rule to CI, and table 2 shows reasonable matches to
the official BEA turning points as well as the NBER dates. However,
a modified rule is even better. Table 2 shows results from requiring
3-out-of-4 months in a new direction and a 2% cumulative change
before declaring a turning point. However, the last column in the table
shows significantly greater delays in confirming a turning point.

I also applied the same turning point rules to the LI, LgI, and coinci-
dent-to-lagging and leading-to-coincident ratios. The results are not
shown because obviously false signals were common, and consistent
lead or lag times to peaks and troughs in general economic activity
were not evident. This is the general finding with these types of indica-
tors—the signals of a turning point are very noisy and unreliable.

12. See Hertzberg and Beckman (1989).

13. The BEA clearly attempts to be consistent with and build on the Burns and
Mitchell tradition of business-cycle analysis. Also, they acknowledge the contributions
of Moore and Zarnowitz to the latest revision of their methods (as described in Hertzberg
and Beckman [1989]). Bry and Boschan (1971) showed that a computer program can
match reasonable judgmental selections of peaks and troughs like these with a high
degree of accuracy.
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1990-92 period. In the initial BEA releases, a possible CI peak was
first evident in mid-1990. However, table 2 shows that later revisions to
the CI, driven by revisions to the underlying data, caused the three
consecutive decreases rule to place a peak back in April 1989. The
modified 3-out-of-4 rule rejects this date because the subsequent de-
crease was less than 2% and instead chooses June 1990. The three
consecutive increases rule then finds a trough in March 1991 with a
subsequent peak only 7 months later. For data that were available as
of January 1993, yielding a CI series up to November 1992, there were
no further signals from the two rules. In early 1993, the BEA desig-
nated June 1990 as the CI peak and February 1992 as the CI trough.

The 1991-92 CI patterns do not really qualify as a true double-dip
since it is based on flatness in the series rather than a clear change in
direction. The CI level in March 1991 (123.9), short-term peak in July
1991 (125.0), subsequent low point in January 1992 (122.8), and No-
vember 1992 value (123.7) are all within 2% of each other. Therefore,
the modified rule did not find a trough. Also, the LI series, which
peaked very early in 1989, had a clear trough in January 1991, but 2
years later it was only 8% above this low point. This pattern contrasts
strongly with previous periods that saw increases of over 20% in the
LI during the first 18 months of a recovery.

The flatness in the CI from mid-1991 through 1992 does not mean
the economy was not growing. Since the trend adjustment for CI is
—2.2% per year (without the correction it tends to grow 2.2% faster
than GDP), it can decline even when growth in the underlying compo-
nents is positive. This property has led some economists to doubt
the CI's usefulness, and the BEA is studying alternative methods for
constructing this indicator." Still, prior recoveries had higher than
average growth rates, and the negative trend adjustment was not seen
as a source of bias. The adjusted CI shows that the economy did not
follow a typical recovery pattern.

One problem in drawing conclusions about the real-time usefulness
of the CI is that the patterns in figure 4 and results from table 2 are
based on revised data. Figure 5 shows that first releases of the CI give
very volatile signals about the economy.!* From the beginning of 1990

14. See Green and Beckman (1992). The problem with the current methodology is
that the component weights (8;) are not constrained to sum to one, but instead equal
1.83. This overweighs cyclical movements, relative to trend factors. An alternative
method, which the BEA introduced in late 1993, corrects this problem and results in an
apparent trough in March 1991.

15. A substantial downward revision was made in August when revisions in the com-
ponents back to 1987 were incorporated into the calculations of CI. Usually revisions
are made only to the past 6 months. This revision affected the level of the CI much
more than it did the cyclical pattern. To keep the graphs of the series more comparable,
I'adjusted all of the earlier releases down 1.2 points to match the level of the postrevision
CI in January 1990.
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to the end of 1992, revisions led to four reversals (over 10% of the
time) of an initially reported increase or decrease. These patterns are
consistent with research by Diebold and Rudebusch (1991) that shows
similar problems with the LI and should make economists cautious
about drawing trends from preliminary data. However, the variance
around levels is reasonably limited, which is consistent with Zarno-
witz’s (1982, 1992) research on the revision problem.

D. Stock and Watson’s Experimental Business-Cycle Indices

In an NBER supported project, Stock and Watson (S-W; 1989, 1991)
developed an experimental coincident indicator (XCI) of the business
cycle. Following the single-index view, a common cyelical element
was assumed to fully describe underlying business-cycle trends. Al-
though this factor is unobservable, by assuming it affects several mac-
roeconomic series in the same manner,

xi,, = bo + blct + u,,

a Kalman filtering algorithm can be used to derive the expected value
of ¢, based on actual observations of the x; series.

Stock and Watson used roughly the same data sources as the BEA’s
CI. The only real exception is that hours worked is substituted for the
employment count. They were also careful to transform each series
into growth rates because of concern that the levels were not station-
ary. The derived common cyclical growth factor was then transformed
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back into levels to yield the series XCI that is shown in figure 6. This
chart shows that while movements in the CI and XCI are often very
similar, the latter had a clear upturn in early 1991. This difference can
be traced to the fact that the S-W index is more sensitive to changes
in the IP than it is to employment, while the opposite is true for the
CI. Also, since mid-1980, the XCI series more closely matches move-
ments in aggregate output, which is shown in figure 6 using an index
that was created by interpolating GDP to a monthly frequency.'

Another interesting feature of S-W’s work is their construction of
an experimental leading indicator (XLI). This index forecasts growth
in the XCI 6 months into the future using various leading indicator
series in a simple regression format. This well-defined relationship be-
tween the XCI and XLI can be interpreted as a more formal and statis-
tically rigorous representation of previous attempts to find a stable
predictive relationship between the BEA’s LI and output (measured
using the CI, IP, unemployment rate, or GNP)."

Instead of using simple recession and expansion rules, Stock and
Watson convert growth rates of XCI into another indicator that mea-
sures the probability that a recession is occurring. Similar exercises
are performed with the XLI to yield recession forecasts. This part of
the S-W procedure is very complicated and computationally de-
manding since it entails defining the characteristics of a recession and
calculating the odds that a certain pattern is consistent with this defini-
tion. Stock and Watson used a stochastic recession rule that requires
6 months of low or negative c, values. This pattern recognition proce-
dure is Stock and Watson’s interpretation of the NBER approach,
and, since it does not include information about the level of economic
activity, its appropriateness and efficiency is open to debate.!®

1990-92 period. Every month since 1989 the NBER releases an
update of the XCI and XLI calculations, providing a true out-of-sample
test of the S-W procedure. The XCI first turned down sufficiently to

16. As reported above, the poorer performance of the CI has prompted the BEA to
reconsider its methodology. The BEA credits Stock and Watson with pointing out prob-
lems with the trend adjustments. No explicit trend adjustments are made to the XCI,
which has a lower mean monthly growth rate than GDP, but higher volatility gives it a
similar compound growth rate. (See Stock and Watson’s [1992] discussion on p. 13 and
table 2.2.)

17. For example, Zarnowitz and Moore (1981) used smoothed growth rates of the CI
and LI to yield sequential signals (both predictions and confirmations) of a turning point
but relied on more arbitrary definitions of the threshold growth rates for a new phase
in the business cycle. I applied this method to the 1984-92 period and found relatively
poor performance. Also see Auerbach (1982) for a finding that has been consistently
repeated: while the LI seems quite useful in predicting output fluctuations, in-sample
forecasts can be improved by changing the component weights but the out-of-sample
record of an ‘‘optimized’’ leading indicator deteriorates considerably.

18. The S-W calculations build on the work of Wecker (1979) and Kling (1987), but
little guidance is available on the selection of the exact criteria.
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define a recession (under the S-W criteria) after October 1991. Unfortu-
nately, the XLI completely missed this downturn.!® (See the bottom
panel of fig. 6, where expected growth was over 3% throughout 1990
and 1991.) In subsequent analysis, Stock and Watson (1992) traced
this problem to the heavy influence of financial variables, most notably
the commercial paper/T-bill spread, that were useful in predicting pre-
vious recessions but were neutral in the latest period. Noting this prob-
lem, Stock and Watson then constructed a second leading index,
XLI-2, that uses only nonfinancial variables. The XLI-2 gave a reces-
sion forecast in July 1990 and a relatively weak signal of an upturn in
early 1991. In May 1991, the XCI moved out of recession, but during
the next year and a half, the XLI consistently overpredicted the XCI’s
growth. (Stock and Watson do not publish XLI-2 values, only the
recession probabilities from this index that have ranged between 17%
and 36% since mid-1991.) In any event, the XCI recession probabilities
rose above the 50% criteria in November 1990 and fell below this line
in May 1991.%° This record is reasonably consistent with the NBER
decisions they were designed to capture.

E. Markov Switching Model for Unemployment

The last dating method I review has only been recently developed
and explored. This framework is based on Markov switching models
(MSMs) that were introduced to business-cycle analysis by Hamilton
(1989). Hamilton’s MSM specification captured distinct periods of high
(positive) and low (negative) growth in quarterly GNP, and Boldin
(1992) expanded this research to monthly data. In these types of mod-
els, low-growth periods can be labeled recessions and high-growth
periods are expansions, formalizing the belief that business cycles are
intrinsic to the economy.

With the MSM framework, the data make all the dating decisions,
or, more correctly, the probability that a particular time period was in.
recession is calculated. Explicit references to traditional business-
cycle dates are not needed. Instead, it is possible to simultaneously
derive the characteristics and dates for recessions and expansions.
This feature contrasts with the methods discussed above that decide
the differences between expansions and recessions before deciding the
turning points. (For more details, see the Appendix; or Boldin [1992].)

19. Interestingly, Sims (1989) and Zarnowitz and Braun (1989) in commenting on
Stock and Watson (1989) worried about an overreliance on interest rates and spreads
and underrepresentation of real commitments by businesses. The latter pair noted that
the LI ‘‘has a more comprehensive coverage based on a longer historical experience
(and) this could prove an advantage over time inasmuch as the causes of business cycles
may vary’’ (Zarnowitz and Braun 1989, p. 406).

20. The source is an NBER distributed newsletter, ‘‘Stock and Watson Indicator
Report,” that provides monthly updates of the S-W indices.
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I estimated an MSM for monthly unemployment rates, over the
1960-89 period, using equations of the form

un, = OLO,s(t) + (xl,s(,)un,_l + azys(t)unt_z + €,, S(t) = 1, 2.

It is assumed that there are two distinct regimes or equations—one
for recessions and one for expansions. Only one operates at each time
period and therefore the sequence s(1), s(2), . . . , s(T) defines the
business-cycle chronology. Table 3 shows the estimated parameters of
the model. The recession equation predicts that unemployment will
continually rise while the expansion equation predicts slow conver-
gence to an equilibrium rate of around 4% (computed by solving for
UR, = Un,_| = Un,_,).

Two transition probabilities are also estimated to provide the odds
of switching from one regime to the other:

g1, = prob(s(t) = 2|s(z = 1) = 1)
and
gy = prob(s(®) = 1|st — 1) = 2).

TABLE 3 Markov Switching Model for the Unemployment
Rate (1960-89 Sample Period)

Un, = og g t 0 s)Un_1 T Qg g Un,_,
+ e, e,~N(Q, oy

41 = Prob(s() = jls(z — 1) = i)

Poi = prob(s(0) = i)

Regimes (s)

Recession Expansion
M ()]
Qg 1126 1172
(.1162) (.0340)
T 1.0129 7265
(.1230) (.0603)
Qg —.0026 .2436
(.1270) (.0590)
oy 2154 1375
(.0197) (.0070)
dis 9137 .0863
(.0408) ce
s .0248 .9752
(.0118) cee
Pos .2230 1770
Log likelihood 138.4771
No. of observations 360

Note.—These are maximum likelihood estimates with standard errors in
parentheses.
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With this model, the estimated probability of a recession ending is
8.6% (for any month of a recession). As with all MSMs, the switches
are independent of all other factors, including how long a particular
regime has lasted. The corresponding probability of switching from
expansion to recession is much lower, 2.5%. These switching probabil-
ities are consistent with the view that a long expansion is more likely
than a long recession. Markov switching models do not assume dura-
tion dependence, however, and a new recession or expansion could
continue indefinitely.

A useful option with switching models is to sequentially reevaluate
the probabilities as new data become available. Not only can the prob-
ability of a recession be calculated for the most recent month, revisions
to the probabilities of prior months can be made from the longer sam-
ple. Because business cycles are persistent, these revisions recognize
that data observed after a particular month can provide valuable infor-
mation about the likelihood of a particular regime on that date.

Figure 7 shows the unemployment rate data and the MSM’s reces-
sion probabilities. While the probabilities acknowledge that data can
never tell us definite or infallible recession and expansion dates, it is
possible to select the ‘‘most-likely’’ sequence of regimes and turning
point dates. These are also in figure 7, and the results closely match
NBER dates, which would surprise economists who believe unemploy-
ment rates lag the general cycle. In fact, the upper panel of the chart
shows that unemployment rates tend to rise before NBER peaks and
fall after NBER troughs. Because two separate equations are esti-
mated, MSMs can flexibly capture this asymmetry at turning points.

1990-92 period. Figure 7 also shows recession probabilities for the
1990-92 period, which are out-of-sample results. Here, the model
clearly picks up the economic downturn that began in mid-1990. Table
4 provides additional information about this period in the form of se-
quential reevaluations of the monthly recession probabilities as new.
data become available. The fourth column is most noteworthy since it
provides recession probabilities that are concurrent with the last month
of the data release. Here, recession probabilities first rose above 50%
after release of the August 1990 unemployment rate. The month that
directly succeeds the most-likely peak is July 1990, and its recession
probability increased to 80% after the release of data for early 1991.

The MSM recession probabilities were generally over 85% from De-
cember 1990 to June 1991. For the full-sample probabilities, a spike
down to 66% occurred in July 1991. Preliminary recession probabilities
of less than 50% were first seen after the August 1991 release, and a
low of 16% was given when the November data were released. These
declines can be traced to the fact that unemployment was no longer
on a clear upward path. Subsequent increases revised this premature
signal of an expansion, and the full-sample probability that November
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1991 was a recession month moved to over 85% as additional months
of data became available.

The MSM results imply that the recession continued into 1992. De-
clines in the unemployment rate in July and August then moved the
probabilities to less than 50%. With the originally reported November
1992 rate falling to 7.23%, the July recession probability (which be-
came the most-likely first month of the recovery) fell to 18%. With the
December 1992 data, seasonal adjustment factors were changed back
to 1988, but the effect was marginal in deriving a recession probability
of less than 2% for the end of 1992.%! In any event, the MSM results
confirm that the 1990-92 period was quite unusual and that large revi-
sions in recession probabilities are possible as trends in the data be-
come more clear.

IV. Comparison and Evaluation of the Methods

The dating procedures discussed above can be evaluated by various
criteria. Table 5 provides my rankings in six categories: historical per-
formance, ease of replication, clarity, timeliness, flexibility, and valid-
ity. Others may come up with a different ordering, especially with
respect to validity that I define by the reasonableness of the underlying
theoretical and statistical assumptions. Below, I discuss in detail the
reasons for these rankings. In summary, none of the procedures are
clearly superior. In many areas, high marks are given to the S-W and
MSM procedures because they use the most systematic and internally
consistent means to evaluate business-cycle data. The NBER ap-
proach is also given above average marks because of its flexibility and
historical status.

Historical performance. Commonly, the historical performance of
a dating method is checked by how closely it matches NBER dates.
But this implies that the NBER dates are indisputable, and even meni-
bers of the NBER committee would admit that this is too strong an
interpretation. While a complete performance ranking that avoids se-
lecting the true set of turning point dates cannot be made, we can note
that the different dating methods usually find turning points that are
within a few months of each other. Therefore, all render usable sets
of peak and trough dates. However, some of the methods are less
reliable because they tend to vary randomly between early and late
designations (compared to consensus views).

While the choice of individual NBER turning point dates can be
debated, the general concept has withstood years of controversy, dra-
matic changes in the economy, and obviously premature conclusions
that the business cycle was dead. Acceptance of these dates seems

21. Seasonal adjustments were also revised in 1991, but the effects were immaterial.
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TABLE 5§ Ranking of Dating Methods

NBER GDP Rules CI S-w MSM for
Criteria Committee  of Thumb Rules Procedure Unemployment
Performance 1 5 4 2 3
Replication 3 1 2 5 4
Clarity 1 3 2 S 4
Timeliness S 4 3 2 1
Flexibility 1 5 4 3 2
Validity 3 S 4 2 1
Average 2.3 3.8 3.2 3.2 2.5
No. of criteria < 2 3 1 2 3 3

Note.—NBER = National Bureau of Economic Research; GDP = gross domestic product; CI
= coincident indicators; S-W = Stock and Watson; MSM = Markov switching model. The orders
are 1-best to 5-worst. Replication of the NBER approach is based only on replication of the methods
used by members of the committee. The average values should not be taken too seriously since they
are based on equal weights. The count of rankings in the top two provides a better gauge of better
than average scores.

based not on inertia but on time-tested respect for the continuity and
objectivity of the NBER. Therefore, the NBER methods get the high-
est marks for historical performance. In contrast, simple peak and
trough rules for GDP and CI are less reliable and consistent than is
commonly thought. Adjustments that add flexibility to these rules yield
more dependable turning point decisions.

If we ignore 1990-92, which seems reasonable considering the
uniqueness of the period, the S-W and MSM records are about equal.
While these newer dating methods have not been subjected to compre-
hensive historical tests, at least on an ex post basis, both capture the
general chronology of the NBER dates. Since they are particularly
efficient in processing data and summarizing the important informa-
tion, future work is warranted with these models. It seems particularly
worthwhile to make comparisons where both methods use the same
set of data. Directions that this course of research may take are dis-
cussed below under the topic of theoretical validity.

Ease of replication. Simple rules of thumb (e.g., n consecutive
periods of change in a new direction) for GDP and BEA indicators are
simple to carry out and have the greatest ease of replication. For the
NBER approach, exact replication is not possible, but most business
economists have experience conducting the types of analysis that are
in published accounts of the dating decisions. The two most technically
demanding methods are the MSM and S-W procedures. The latter was
a very time-consuming project that has not yet been duplicated by
others or greatly modified by Stock and Watson.??> Markov switching

22. Stock and Watson have made their computer programs available to others, and
the BEA has experimented with the procedure. However, I know of no full replications
and only one significant alteration (Crone 1994).
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models are also computationally intensive as they rely on nonlinear
estimation techniques that are less well known than conventional re-
gression procedures. Still, the multiple regime aspects have strong
intuitive appeal for many areas of economic research, and the use of
MSMs is growing.

Clarity. Clarity, or how easily the output of a statistical procedure
can be interpreted, is another important criterion. In this respect, some
economists prefer simple dating rules because they provide the most
clear and discrete signals of a turning point. However, this advantage
may be a red herring that overstates the information content of the
data. In other words, a clear signal may grossly overstate the odds
that a turning point date will hold up under further analysis. By using
probability measures, the S-W and MSM procedures handle this inher-
ent uncertainty more realistically. Despite the fact that they do not
provide absolute and discrete separations of recession and expansion
periods, the results are still useful.

Timeliness. Simplicity and the ease of replication certainly influ-
ence another important consideration—the timeliness of a dating pro-
cedure. However, well-designed computer programs can greatly nar-
row any handicaps from updating and adding new data to the
computationally intensive procedures. Therefore, only the NBER de-
cisions have a significant lag.

In considering timeliness, it is clear that business cycle fluctuations
are evident in monthly series that provide finer, and therefore more
useful, detail than GDP data. Consensus on this point is seen by the
fact that only one method relies on quarterly data. The only additional
data concerns are based on delays in availability and revision effects.
Therefore, the MSM for unemployment is most timely since unemploy-
ment data is released only a few days after the month’s end. Revisions
to these data are usually quite small and only occur at the annual
updates to the seasonal adjustment factors. Releases of the BEA indi-
cators are typically over a month later and are subject to relatively
large revisions.?® Stock and Watson release an update of their indices
about the same time but do not discuss revision effects. While none
of the dating procedures really addressed the revision problem, I was
surprised to find that these changes had little consequence on the ex
post evaluations of turning point decisions.

Flexibility. A remaining controversy is whether flexibility should
be allowed in deciding turning points. Renshaw (1991), in arguing for
fixed rules, complains that ‘‘the NBER should either explain its
method of identifying economic recessions, so they can be dated by

23. Usually, personal income and sales data are available at the end of the next
month, and official calculations of the BEA series are released within a week. It is
possible to replicate the calculations and thereby save a few days.
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newspaper reporters and other subscribers to the Survey of Current
Business, or forgo the responsibility of dating business peaks and
troughs altogether.”” He fears that the current NBER process is too
arbitrary and ‘‘constitutes mysticism, not science’’ (p. 58).

Although NBER decisions involve some judgment, they are clearly
not arbitrary. Some controversy is unavoidable when flexibility is al-
lowed, and debates about individual periods do not diminish the use-
fulness of the NBER chronology. In fact, disputable judgments are
incorporated in the supposedly fixed rules. For example, for the 2-
quarter GDP rule, a decision was made to use 2 instead of 3 quarters
and to focus on GDP and not individual components, such as consump-
tion and investment. It should be recognized that preliminary decisions
are always necessary in designing and implementing statistical proce-
dures, and the efficient processing of information will always include
some discretion.

It is not clear how fixed rules capture the complicated dynamics of
a recession. Why use the word ‘‘recession’’ when it is also correct to
say ‘‘the period after 2 consecutive quarterly declines in GDP’’? The
obvious answer is that recessions represent a broader phenomenon.
But this argues for basing business-cycle dates on a broad source of
information and for not applying an infexible rule to one data series.
Also, modifications of the most popular rules (to incorporate flexibility)
seemed to yield better turning point decisions. These points motivate
the NBER committee’s approach that could be modeled as a form of
“fuzzy’’ logic that has a true scientific basis. In this regard, we would
expect seven other, similarly educated economists (given the same
directions) to come up with dates that would be similarly accepted as
capturing the business-cycle phenomenon.?*

Validity. Both the S-W and MSM dating procedures follow a mid-
dle course between fixed decision rules and subjective judgment. Here,
recession probabilities summarize the amount of confidence that can
be placed on a specific turning point date. In addition, both procedures
are consistent with modern economic research that stresses the impor-
tance of coherent and plausible empirical models. Therefore, they re-
ceive the highest marks for theoretical and statistical validity. Both
procedures show that a well-thought-out modeling structure can be
very useful in finding turning points.

Even though the S-W and MSM procedures have rigorous statistical
foundations, they are not based on predetermined or undebatable

24. A spirited and historically interesting debate between Cloos (1963a, 1963b) and
Zarnowitz (1963a, 1963b) shows that NBER methods and dates have never been ac-
cepted without controversy. Zarnowitz’s conclusion that ‘‘one may wish to regard the
NBER method as a ‘proxy’, but if so, it is a proxy for an ideal (a single precise measure
of aggregate economic activity) which is not attainable’’ (1963b, p. 461) reasonably sums
up the views of most economists.
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structures. Other data series and specifications could be explored. In
considering extensions, it is obvious that turning points are much more
evident in the levels data. However, it is noteworthy that the S-W
procedure, which only relies on growth-rate data, was able to closely
match most NBER decisions. Still, it should be realized that even in
cases where an econometric model should be estimated in growth-rate
form, the turning point decisions do not have to ignore information
about levels.”

In developing or modifying a dating procedure, besides choosing
between levels and growth rate data, there are numerous other impor-
tant decisions. For example, empirical modeling decisions should rec-
ognize that many views (both academic theories and popular, but less
rigorously developed, concepts) of the business cycle are consistent
with breaks in the data or regime switches. The most common econo-
metric techniques (e.g., vector autoregressions and the concepts un-
derlying S-W’s procedure) follow the extrinsic view and ignore the
possibility that recessions are unique episodes. This concern, and gen-
eral dissatisfaction with models that arbitrarily separate trends from
cycles, motivated Hamilton to propose the use of MSMs for empirical
business-cycle research. He argued that trends and cycles are funda-
mentally intertwined and that business-cycle patterns result from
changes in the trend. With a minimal number of assumptions, MSMs
can capture the different statistical regimes that result from the intrin-
sic aspects of economic fluctuations.

The intrinsic/extrinsic distinction is also linked with assumptions
about linearity and symmetry. Linear models, which remain the pri-
mary means of econometric analysis, imply symmetry—recessions
and expansions are mirror images of each other and are only differenti-
ated by the sign of random shocks. Recent empirical work has revived
the once well-accepted view in the business-cycle literature that the
irregular patterns in U.S. economic activity implied highly nonlinear
dynamics and asymmetries.?

The main point to make with the asymmetry and nonlinear evidence
is that ignoring these characteristics will tend to make dating proce-
dures less efficient. It should be recognized that peaks and troughs
can develop differently. Though all the dating methods could be modi-
fied to accommodate this view, this is rarely done. The exception

25. The random walk or unit root problem with levels data pertains to asymptotic
conditions and does not rule out valid inferences about finite subsamples.

26. One caveat to this claim about linear models is that observed asymmetries can
result from asymmetric shocks. Still, conventional estimation procedures assume spheri-
cal or symmetric disturbances that do not seem to be consistent with actual macroeco-
nomic data. See Brunner (1992), Boldin (1992), and the Journal of Applied Econometrics
(1992) for new research on business cycle asymmetries.
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is with MSMs that explicitly model asymmetries by using different
equations for recession and expansion. (It could also be argued that
the NBER committee process implicitly allows for asymmetric deci-
sions and that the NBER tradition follows the nonlinear/intrinsic
view.)

Another interesting characteristic of MSMs is that turning points are
modeled as random events with constant probabilities over the tenure
of a regime. The constant switching probability assumption contrasts
with many business-cycle theories that predict increasing likelihoods
of a turning point or duration dependence. Evidence like the 110-month
duration of the 1983-90 expansion and more systematic studies by
Sichel (1989) and Diebold and Rudebusch (1990) support claims that
the duration of a particular expansion does not help predict its end.
The evidence against duration dependence in recessions is weaker,
pointing out another possible asymmetric feature. One advantage of a
Markov switching assumption for both recessions and expansions is
that changes in trends are stressed, not the length of the particular
regime, in making turning point decisions. Still, further work to incor-
porate realistic duration dependence features is warranted, but it
should be recognized that the small number of full cycles (only eight
in the 1952-92 period, according to the NBER chronology) will make
estimates of duration dependence very uncertain.

In conclusion, future research on turning points needs to consider
and resolve many statistical and theoretical concerns. Expanding on
the S-W unobservable-component model and multiple-regime concepts
of MSMs seems to hold the most promise. For instance, asymmetries
and nonlinearities could be added to the equations used in the S-W
procedure. Alternatively, an unobservable component effect could be
incorporated in the MSM framework. This latter type of model could
formally test the significance of intrinsic and extrinsic components of
business cycles.

V. Review of 1990-92 Dating Results

Table 6 summarizes the peak and trough dates of the various dating
methods for the 1990-92 period. Absolute peaks and troughs dates for
the four series that Hall reported as most important to the NBER
committee decisions are also denoted. Collectively, the various meth-
ods are consistent with the official NBER peak. However, there is
wide variance in the trough date.

A key reason for uncertainty about the trough date is that, despite an
upturn in production and sales, there was little change in private-sector
hiring in 1991 and 1992. In fact, employment at the end of 1992 was
only marginally higher than in early 1991. Therefore, it is not surprising
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TABLE 6 1990-92 Peak and Trough Dates

Method Peak Trough
NBER committee July 1990 March 1991
Industrial production* September 1990 March 1991
Real income* April 1990 February 1991
Nonagricultural employment* March 1990 January 1992
Manufacturing and retail sales* August 1990 January 1991
GDP 2-quarter rule 1990:1 1991:1

GDP asymmetric rule 1990:1 1991:4

CI official June 1990 January 1992
CI 3-month rulef June 1990 March 1991
CI 3/4-modified rule June 1990 <.
Stock-Watson October 1990 April 1991
MSM for unemployment June 1990 June 1992

Note.—All data are as of January 15, 1993. NBER = National Bureau of Economic Research;
GDP = gross domestic product; CI = coincident indicator; MSM = Markov switching model;
1990: 1 indicates the first quarter of 1990.

* For these series, the peak is the 1990 high point and the trough is the low point between July
1990 and November 1992 (i.e., no double-dip assumed).

+ This rule also gives another peak in September 1991, and the October 1992 value is less than
the March 1991 trough.

that it is difficult to identify a clear trough date. In addition, employ-
ment seemed to be a leading series in the downturn while production
was lagging, which is a reversal of conventional patterns.

Many reasons have been given for the unusual patterns in the em-
ployment data, including complaints about seasonal factors, other ad-
justments, and revisions to the data. I examined these issues in some
detail and concluded that the complaints are the result, not the source,
of flatness in the 1991-92 period. With this flatness, any reasonable
adjustment or revision could greatly affect the absolute trough date.
In prior recovery periods, strong growth in employment overwhelmed
these effects.

The most likely reason for the divergence of employment from pat-
terns observed in prior recoveries is the restructuring and downsizing
of many large corporations. The empirical problem with separating
these short-term trends from conventional cyclical factors is that
changes of this magnitude have not been observed before. Therefore,
we cannot make comparisons to historical patterns. A theoretical ob-
stacle is also daunting. It is likely that many firms accelerated their
restructuring plans as aggregate demand fell and less manpower was
needed. Therefore, the downsizing effects (i.e., secular trend) and cy-
clical factors are not independent. Efforts to disentangle these two
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effects would depend greatly on assumptions about the peak and
trough dates.

There are some additional features about the recent period that the
dating procedures point out. First, since early 1991 there have been
increases in output and productivity without corresponding growth in
employment and wages. This is evidence against real business-cycle
theories that predict a stronger productivity-to-wage-to-employment
link. However, rising inflation and countercyclical monetary restraint
do not seem to have preceded the downturn, which conflicts with
conventional monetary explanations of business fluctuations. Also, ef-
forts by the Federal Reserve to kick start the economy have been less
potent than many expected. In this regard, problems with credit supply
and tighter lending standards by banks have been reported that warrant
further exploration. In summary, the dating procedures help identify
new and unusual trends even in periods when a consensus was not
reached. Also, the uncertainty that is inherent in choosing peaks and
trough dates makes simplistic explanations of the recession less plausi-
ble.

VI. Conclusion

Noting the problems in dating turning points, especially in the recent
period, it is clear that pragmatism should not be abandoned. It is un-
likely that a be-all and end-all technique for dating business cycles can
ever be developed. Different methods can play complementary roles
in building a consensus. In this respect, the S-W and MSM results are
most enlightening since they provide an explicit and coherent statisti-
cal framework to derive turning point probabilities. Summarizing the
data in this way recognizes that uncertainty about turning points will
always exist. Still, the importance of judgment in determining the data
to consider and in setting up parsimonious or tractable models can
never be avoided. The effects of revisions in the underlying data
sources are also very difficult to incorporate in the dating procedures.
Finally, further structural changes are likely to require modification to
any statistical model of the economy.

With respect to the 1990-92 period, there was no true consensus on
the trough date, which is surprising since usually these types of turning
points are sharper than corresponding peaks. Some series and dating
methods point to a trough in Spring 1991. Others, especially those
based on employment data, suggest an unusually long recession that
extended into 1992. Further analysis shows that a ‘“‘double-dip’’ is not
the culprit, and revisions to data can account for only a small fraction
of the confusion. Efforts to date the peak and trough show that the
recent period was quite unusual.
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Appendix
Markov Switching Model Specification and Estimation
A very general MSM framework can be based on linear equations:
¥ =XBsy + €15 €,~NQO,0,,),s() =1,2,...,n. (Al)

Here, n distinct sets of independent variable coefficients and standard errors
are hypothesized for each possible regime. The Markov switching assumption
also requires the estimation of a first-order transition matrix, which is repre-
sented in the two-regime case by

9 9n2
o- o o)
921 492
where g; = prob(s(z + 1) = |s(#) = i) characterizes the switching probabili-

ties. The likelihood function for this model, which measures how well a set of
parameter estimates fits the data, is

n n n T
L(y,X,B,0,0) = z .. z Z [ fs,rQs(t—l),s(I):Ipo,s‘
1

s(T)=1 s(H=1s0)=1 1=

Here the n equations of (A1) define probability density functions (pdf’s) f; ,
= fly, — X,B,, o,) for each regime at each time period, and normality is
usually assumed. I also set the initial probabilities at the unconditional values
that satisfy p, = poQ.

Efficient computation of this likelihood function is discussed in Boldin
(1992). Since this is a nonlinear problem, a numerical optimization routine
must be used to compute maximum likelihood estimators (MLEs). Still, the
MLEs satisfy very intuitive formulas:

B = (X' XH) (X y)),

o? = (e}'e}) / (Z p:':,),

r (S2)/(5 )

The elements in the starred matrices above are X} = {X, Vp¥}, y¥ =

{y: Vp#}, and ef = {(y, — X,B; Vpf,}, where
p?,‘l = prOb(S(t) = lly) = L(S(t) = l’y’Xa Bs’ o-s’ Q)/L(ya X; Bs’o-s’ Q)

denotes the full-sample regime probability that is computed for each period
using Bayes’s Rule. (In the calculation of g;;, more complicated but analogous
full-sample probability measures, pf, = prob(s(t — 1) = i, s(f) = j |y), are
needed in the numerator.) These formulas show that the MLE solutions for
B; and o; are equivalent to estimates from weighted regressions that are based
on the probability that an observation belongs to regime i. Here, the most

and
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important point is that the MLEs are completely consistent with the full-
sample probabilities that in turn are calculated using the estimated parameters.
This is the sense that data splitting can be considered endogenously based and
provides a contrast with Neftci’s (1982, 1984) work that employed similar
switching concepts but did not derive optimal parameters for the recession
and expansion equations.

In figure 7, the Viterbi algorithm was used to derive the most-likely se-
quence, and it is important to note that this sequence is not equivalent to
making selections based on an individual period’s probabilities being greater
than 50%. Instead of making each period’s regime selection in isolation (ignor-
ing all the other selections), the Viterbi algorithm uses a joint selection process
where all selections are consistent with each other. The difference can be seen
by realizing that the most-likely sequence would maximize

prob(s(T), s(T = 1), ...,s()|y, X, B, o, Q),

and not =, prob(s(?)|y, X, B, o, Q).

Boldin (1990) shows the better performance of an MSM for unemployment
over Hamilton’s (1989) specification for GNP growth. Following the work
reported in Boldin (1992), the number of lagged dependent variables in the
monthly based unemployment model specification was chosen by maximizing
the Schwartz criteria that subtracts log(T = 360)/2 times the number of esti-
mated parameters from the likelihood function. I searched over 1-12 lags of
unemployment as right-hand-side variables and considered (but rejected) a
time trend. I computed unemployment rates directly from the reported level
of seasonally adjusted unemployment and labor force because the official un-
employment rate series are rounded to one decimal place and, therefore, could
not yield normally distributed errors for the MSM equations.

Noting the difference with the latest NBER trough dates, I experimented
using the full 1960-92 sample period and alternative MSM specifications for
unemployment. Including a time trend (to recognize that average unemploy-
ment rates increased in the late 1970s and 1980s) sometimes resulted in a
trough date in early 1991. However, the recession probabilities were still gener-
ally in the 20%-30% range throughout the end of 1991, and these results were
not stable to small changes in the sample period. A much better fitting model
was found by using a fuel price index and labor participation rates as explana-
tory variables in the recession and expansion equations. Again, the most-likely
trough date was June 1992, and results from the simple MSM reported above
are representative of the more robust alternative models.

I also applied the MSM framework to IP growth rates and found less clear
business-cycle patterns. First, a two-regime model does not seem to be suffi-
cient. Even when three or four regimes are assumed, high volatility in IP
growth makes it difficult to differentiate each period’s regime candidates. Fu-
ture research that could solve this problem by using a four-regime, bivariate
MSM for the levels of both IP and unemployment rates is planned.
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