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Abstract. In this paper, we investigate the determinants of the duration of state level recessions in
the United States that occurred over the period 1979 to 1997. Contrary to much of the existing
related literature, we find that a significant factor that influences the duration of state reces-
sions is whether a state’s degree of industrial diversity is increasing or decreasing. Specifically,
we find that states that are becoming more diverse have recessions of shorter duration. In
states where diversity is decreasing, recessions are longer in duration. This finding, we be-
lieve, is a hopeful message for states that are relatively more concentrated since it seems to in-
dicate that their initial level of diversity is not as important as their change in diversity. There-
fore, this could mean that as long as a state can accelerate its industrial diversification, they
may be able to reduce the duration of their recessions.

1. Introduction

In recent years, many states have been dealing with
budget dilemmas, and cuts at the national level have
further worsened their financial situation. This has
raised many questions and increased the focus on eco-
nomic performance at the sub-national level. Why are
some states better able to recover from downturns in
economic activity while other states find it difficult? A
substantial academic literature has developed largely
to address this question of regional cyclicality. Recent
studies include Crone and Clayton-Matthews (2005),
Owyang et al. (2005), and Crone (2005).

While the empirical literature has identified many
factors that contribute to answering this question, this
study finds that when the focus is on the duration of
recessionary episodes, it is not just, as some studies
imply, the diversity of the industry mix within a state
that matters, but rather the changing composition of
that mix that plays a dominant and statistically signifi-
cant role in determining whether a state recovers
quickly from a downturn in economic activity or lan-
guishes for long periods of time.

More specifically, the objectives of this paper are 1)
to test whether state-level recessions are more likely or

less likely to persist as they increase in duration, and
2) to investigate what factors and characteristics of
state economies influence the duration of recessions,
with special attention given to the influence of indus-
try diversity (a factor which has not been showcased
in earlier work). With respect to the first point, by em-
ploying a duration modeling framework and control-
ling for various factors, we find that most recessions
are more likely to end as their duration increases given
that they have not ended already. With respect to the
second objective, we find that a number of factors are
significantly related to longer recessions. The factors
associated with longer recessions include decreases in
industrial diversity, high unemployment, decreases in
real income per capita, high proportions of non-white
workers, small total populations, and increases in
population growth.

The most interesting and noteworthy finding of
this study is that the initial level of industrial diversity
in a state is not what significantly influences recession
duration, but rather whether or not industrial diversi-
ty is increasing. We find that in states where diversity
is increasing, recessions are shorter in duration. In
states where diversity is decreasing, recessions are
longer in duration. This finding is a hopeful message
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for states that are relatively more concentrated since it
seems to indicate that their initial level of diversity is
not as important as their change in diversity. There-
fore, this could mean that as long as a state can accele-
rate its industrial diversification, they may be able to
reduce the duration of their recessions.

The economic performance of a state can be eva-
luated in various ways using a wide range of macroe-
conomic measures. Some of the most common meas-
ures of performance include unemployment, per capi-
ta income growth, labor productivity growth, and job
creation. This paper extends earlier work in this area
by focusing on a less commonly used, and possibly
more revealing, measure of economic performance.
The measure of economic performance we focus on is
a coincident index of state business cycles. This index
utilizes consistent economic measures across all 50
states and it is available at a quarterly frequency, whe-
reas alternative measures such as gross state product
are only available on an annual basis.

Business cycles, and recessions in particular, are a
vast and complex topic of study. Simply defined, a
recession is a significant decline in economic activity
spread across an economy, lasting at least two quar-
ters, normally measured by declines in real GDP, real
income, employment, industrial production, and
wholesale-retail sales. The causes of recessions are
numerous and always a topic of debate among econ-
omists. Recession triggers can include shocks to
supply and demand, policy errors, financial crises, or
even psychological reactions to significant events (Da-
vis et al., 1996, p. 84). Recessions end when an econo-
my has adjusted and recovered from such triggers,
often with the aid of policy changes. The factors that
influence the duration of a recession are the primary
focus of this research.

There are several reasons for examining the dura-
tion of recessions as opposed to studying their depth,
where measures of per-capita income growth or em-
ployment growth would be more applicable as
yardsticks. States are increasingly relying on their
“rainy day funds” to meet budget shortfalls in the
short run to avoid raising taxes and/or cutting ex-
penditures (Wagner and Elder, 2004). The longer the
duration of a recession, the more likely it is that a
state’s rainy day funds will dry up. Moreover, the
longer a recession continues, the longer it will be be-
fore a state has extra revenue to begin replenishing
their rainy day funds. If revenue fails to rebound
quickly enough, spending cuts and/or tax increases
may have to be larger than previously necessary in
order to replenish these emergency funds. Further-
more, people have increased anxiety during state eco-
nomic downturns, which can lead to increased public
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pressure on policymakers to stimulate employment
and income growth. In short, economic conditions are
in general of greater concern when such conditions are
poor.

From a labor perspective, longer recessions lead to
longer durations of unemployment. More workers
become discouraged and drop out of the labor force,
leading to corresponding declines in consumption that
further exacerbate the impacts of a recession. Fur-
thermore, the longer a state recession persists, the
more likely it is that workers will begin to migrate to
more prosperous states. Research has shown that
gross migration flows tend to fall during national re-
cessions due to factors such as increased difficulties
finding a new job or lower earnings in previously at-
tractive destinations (Armstrong and Taylor, 2000, p.
158). However, net migration flows among regions are
more complex. Cebula (2005) finds that both per capita
income and expected per capita income have statisti-
cally significant positive impacts on interstate migra-
tion flows. If a recession is very short, it is unlikely
that the expected earnings differential would out-
weigh the immediate costs of migrating. On the other
hand, if relatively large disparities between states
persist, then a longer recession will eventually induce
workers to migrate as the gap between job opportuni-
ties and earnings increases between their home state
and a more prosperous destination state.!

In terms of the effect of industrial diversity on the
duration of a contraction, it is hypothesized that more
industrially diverse states experience shorter reces-
sions as the greater number of industries are able to
absorb cyclical unemployment, again acting like a
shock absorber, cushioning the state from a downturn
in economic activity. Regions experience different
shocks to output depending on their industry mix be-
cause economic shocks tend to affect certain industries
more deeply.

2. Determinants of state economic activity

Nearly all studies examining regional variations in
economic performance find industrial diversity to
have a statistically significant effect on economic per-
formance. The difference lies in how they measure
industrial diversity. Many studies use industry pro-

1 Along similar lines, if a state recession persists, new small firms
will be less likely to locate in that state where the business climate
appears to be depressed. While this has not been researched to our
knowledge, it is a possibility. Firms may recognize that certain
states recover from economic downturns more quickly and this
could affect their location decisions. This is an area of future re-
search which we are currently exploring.
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portions to indicate the predominance of certain in-
dustries.

For example, Garcia-Mila and McGuire (1993) use
the shares of employment in certain industries, like
farming and non-durable manufacturing, as determi-
nants in explaining employment growth rates and va-
riability at the state level. After controlling for varia-
tion in industry growth at the national level and for
the composition of fast and slow growth industries at
the state level, they find that industrial mix still has a
significant effect on 1969-1985 state growth rates.

Owyang et al. (2005) also use employment shares
of certain industries as explanatory variables in their
analysis of growth rates. They examine growth rates
within recessions and expansions separately. Their
general conclusion is that industrial mix affects
growth rates during recessions but not during expan-
sions. Their results indicate that differences in reces-
sion growth rates are predominately influenced by
industrial mix, while expansion growth rates are re-
lated to differences in demographics and not to indus-
trial composition.

Rather than employment shares, Carlino and Sill
(2001) use the share of total output accounted for by
certain industries as an independent variable in their
regressions. They analyze cycle and trend growth rates
separately, and they find that industry mix has a diffe-
rential effect on real income growth. However, the
implications of their study are not clear because the
effect of industry mix is sometimes positive and some-
times negative, depending on which region and which
growth rate (cycle or trend) they examine.

There are many alternatives to using industry
shares to measure diversity, as outlined in Wundt
(1992) and critiqued by Wagner (2000). One common
measure, and the one that is used here, is the Herfin-
dahl Index, which measures the sum of squared indus-
trial employment shares by state. Formally, this index
is 2(Eis/Es)2, where Eis/Es is the employment share of
industry i in state s.

The higher this index, the more a state’s economy is
concentrated in the hands of a few industries, i.e. the
less diverse the economy is. Simon and Nardinelli
(1992) and Izraeli and Murphy (2003) both use this
approach. Simon and Nardinelli (1992) find that in all
years studied, except during the Depression years of
1930 and 1931, more industrially diversified cities ex-
perienced lower unemployment. They attribute this to
the portfolio effect, or in other words, workers can
find employment more easily when there are a greater
number of industries in the region.2 During 1930 and

2 This portfolio effect is similar to the notion of agglomeration econ-
omies. A large number of geographically concentrated economic
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1931, more diversified cities actually experienced
higher unemployment. The authors speculate that
wages adjust downward more quickly in specialized
regions, therefore preventing lay-offs, because of the
limited probability that workers will quit and change
industries. Only during these two years, did the wage
adjustment effect outweigh the portfolio effect.

Similarly, Izraeli and Murphy (2003) find that a
lower Herfindahl index (again, indicating higher in-
dustrial diversification) is associated with lower un-
employment, supporting their thesis that diversifica-
tion can reduce unemployment. They rely on state-
level data and according to their results, a 10-point
decrease in the Herfindahl Index is associated with
almost a tenth of a percentage point decrease in the
unemployment rate. Therefore, the authors support
state policies targeting a more diversified industrial
base as a means to provide more employment security
during economic downturns.?

3. Nonparametric analysis

This paper employs duration methods based on
Kiefer (1988) and Greene (1993). In general, duration
analysis is very useful for studying the lengths of cer-
tain events or the probability that an event will occur
given that it has not already occurred. The literature in
economics has drawn from that of other fields in
which duration data have been used to study such
things as the useful lives of electronic components, the
survival times of organ transplant recipients, and the
probability of natural disasters occurring. In econom-
ics, duration analysis has most commonly been ap-
plied to research on lengths of unemployment spells.

The key concept in duration analysis is that this
statistical method does not involve the unconditional
probability of an event taking place (e.g., the probabili-
ty of an unemployment spell ending at exactly 6

activities, usually spread across multiple industries, allow labor to
be reallocated more efficiently when one industry experiences a
downturn.

3 The Herfindahl Index is one of several measures of diversity used
in empirical analysis (Wagner, 2000). Alternative common meas-
ures include the entropy, or log-share, index, the percent durables
index and portfolio variance. Taken together, these various meas-
ures have both strengths (most notably, ease of computation) and
weaknesses. Studies comparing these various measures, however,
appear to be very sparse and, while beyond the scope of this paper,
would be a fruitful avenue for further research. What little is known
suggests that the empirical implications of these various measures
are likely to produce similar results. Wundt (1992), for instance,
compares the explanatory power of these various measures in pre-
dicting regional cyclical employment behavior and finds most of the
measures to be statistically significant. That said, we proceed with
using the Herfindahl index, largely because this study most closely
follows Izraeli and Murphy in terms of the explanatory variables
used in the full parametric estimation section.
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weeks independent of all other time periods) but ra-
ther the conditional probability of an event happening
(e.g., the probability of an unemployment spell ending
at 6 weeks given that it did not end at 5 weeks). Un-
conditional probabilities are the emphasis when speci-
fication is in terms of probability distributions, but the
hazard function specification explained below empha-
sizes the conditional probabilities (Kiefer, 1988). As
Kiefer points out, individuals tend to reason in terms
of conditional probabilities anyway, so duration anal-
ysis better links the theory to the econometric estima-
tion.

There are two types of duration analysis conducted
here. The first is nonparametric analysis, which pro-
vides information as to the behavior of the conditional
probability of interest. The second type of analysis,
conducted below, is full parametric analysis, which
considers the determinants of the conditional probabil-
ity of interest. In this paper, our duration analysis bas-
ically involves examining the conditional probability
that a recession will end in period t given that it has
not yet ended in period #-1. The conditional probabili-
ty function, or the hazard function, is defined as

ME) =£(t) / [1-E(®)], 1)

where F(f) = Pr (T<t) is the cumulative distribution
function and f(f) = dF(#)/dt is the corresponding den-
sity function (Kiefer, 1988). T is a random variable de-
noting duration and f can be viewed as the realization
of that variable. Thus F(t) is the probability of a dura-
tion T ending at time f. Then £(f) is the associated den-
sity. The hazard function, then, is a conditional proba-
bility, indicating the likelihood of a recession ending at
time ¢, i.e. {(), given that the recession has “survived”
until time ¢, i.e. [1-F(#)].4

The behavior exhibited by the hazard as t increases
provides clues as to the likelihood of events ending
after a particular length of time. For instance, if
dA(t)/dt > 0, then the hazard function is upward slop-
ing and indicates positive duration dependence,
meaning the probability of a recession ending increas-
es as the length of the recession increases. If dA(t)/dt <
0, then the function is downward sloping and indi-
cates negative duration dependence, meaning the
probability of a recession ending increases as the
length of the recession decreases.

Whether or not the data exhibits positive or nega-
tive duration dependence is an empirical question (but
one that has significant ramifications for full parame-

41-F(t) is often referred to as the survivor function, typically labeled
S(t), in that is measures the probability of a recession lasting or
“surviving” until a certain quarter given that it did not end in the
previous quarter.
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tric analysis - discussed below). To investigate the be-
havior exhibited by our recession duration data, we
follow Kiefer (1988) and construct an empirical meas-

ure of our hazard, A(t), in the following way. First,
the recessions (of sample size n) are ordered from
shortest duration to longest duration, t1 < t < f3...< t.
The number of completed durations k is usually small-
er than n due to some observations having the same
duration length. For example, there are 17 recessions
in our dataset that lasted for three quarters. For this
particular dataset, n equals 148 and k equals 23.

Then let ;; be the number of recessions that ended be-
fore duration t;, for j = 1,...,k. Let nj be the number of
recessions that did not end before duration ¢;:

N; :Zk:hi ()

=]
Thus, a convenient sample estimator for A(t) is:

At) =i/ n 3)

The above expression measures the number of reces-
sion completions at f; over the number of recession
“survivors” at t;, thereby mimicking a standard hazard
function.

In principle, one could plot /{(t) but, as a matter of

practical application, in many instances this yields li-
mited direct insights, particularly with relatively small
data sets. Instead, the estimated survivor function,
S(t)=1-F(t), is calculated and is interpreted in the op-
posite way of the hazard function. A downward slop-
ing survivor function indicates positive duration de-
pendence while an upward sloping survivor function
indicates negative duration dependence.
The corresponding empirical survivor function is:

$(t) = lj(l—ii) : (4)

Following Kiefer (1988), this survivor estimator is
obtained by setting the estimated conditional probabil-
ity of a recession ending at # equal to the observed
relative frequency of recessions ending at #;.

Finally, the integrated hazard, defined as

t

At)= J' A(t) dt and calculated from our data as
0

Aty = Zﬁt(fj)- ©)

i<]

is also commonly investigated since the resulting plots
are smoother and thus easier to interpret that the ha-
zard estimate itself. If the integrated hazard is increas-
ing at an increasing rate, then the series exhibits posi-
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tive duration dependence, if it appears to be increas-
ing at a decreasing rate, then the series exhibits nega-
tive duration dependence.

The data we employ here is state level recession
duration data that measures the length of time over
which a state recession lasts, measured as the number
of quarters. This data was recently published by
Owyang et al. (2005) and is based on Crone and Clay-
ton-Matthews’ (2005) coincident indexes generated for
US states. The means of generating these indexes used
techniques employed by Stock and Watson (1989).5
The advantage of the Stock and Watson method is that
it provides a single measure of a state’s economy by
combining several monthly indicators. They specifical-
ly base their measure on four indicators: (1) nonagri-
cultural employment, (2) the unemployment rate, (3)
average hours worked in manufacturing, and (4) real
wage and salary disbursements. These coincident in-
dexes are particularly useful for comparing the length,
depth, and timing of state recessions because they util-
ize consistent economic measures across all 50 states
and they are available at a greater frequency than
gross state product, for example, which is only availa-
ble on an annual basis. The coverage of our model is
restricted to Owyang et al.’s data, which, as published,
is quarterly and covers the period 1979:1 through
2002:4, although for a number of reasons discussed
later on, we restrict our attention to a sub-set of this
data in our full parametric analysis presented below.
Table 1 lists some descriptive statistics for these data.

Table 1. Recession duration data (in quarters)

Without Alaska &
All ..
. Hawaii’s censored
Observations .
recessions
Mean 7.05 6.58
Median 5 5
Maximum 52 21
Minimum 2 2
Std. Dev. 5.95 4.25
N 148 146

Using this state level duration data, we calculated
survivor and integrated hazard estimates, depicted in
Figures 1 and 2 respectively. From the survivor func-
tion, it appears that our data exhibits positive duration

5 Stock and Watson's index is the latent factor estimated in a dynam-
ic single-factor model using the Kalman filter.

¢ For completeness, the numerical calculations are presented in Ta-
ble A2 of the appendix.
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dependence, suggesting that a recession is less likely
to “survive” the longer it lasts. The integrated hazard
appears to be increasing at an increasing rate over
most of the range (except for two unusually long re-
cessions) and so indicates positive duration depen-
dence. This would seem a logical outcome for an
economy encountering cyclical downturns. However,
near the end of the integrated hazard function, the
integrated hazard’s slope, while still positive, appears
to be increasing at a decreasing rate, indicating that
after a certain point, the longer a recession lasts, the
more likely it is to continue rather than end. While it is
beyond the scope the current paper to test for certain,
this might then be suggesting that for these states, the
downturn may not be so much cyclical but structural.
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Figure 1. Survivor function
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Figure 2. Integrated hazard function

That said, the observations within our dataset caus-
ing this change in the shape of the integrated hazard
are two recessions with durations of 30 and 52 quar-
ters (for Hawaii and Alaska respectively), well in
excess of other observed recession spells. While this
suggests these observations to be outliers, Owyang et
al. (2005) provide no information as to when these re-
cessions actually ended, if ever. Therefore, instead of
removing them as would typically be done with out-
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liers, they are treated as censored observations.” Cen-
soring is a problem that is typically unavoidable in
duration analysis so procedures have been developed
to address such issues (Kiefer, 1988; Greene, 1993), and
our estimation accounts for this censoring.

While this nonparametric analysis is beneficial, it
would be much more complete if characteristics of the
state economies could be included to explain variation
in recession length. Such analysis requires full para-
metric maximume-likelihood estimation with an ap-
propriate underlying probability distribution so as to
interpret the direction and magnitude of each varia-
ble’s impact on recession duration. We now turn our
attention to such estimation.

4. Full parametric estimation

The exponential, Weibull, and log-logistic are the
most commonly employed distributional functions in
duration analysis (Kiefer, 1988). Each exhibits different
hazard function behavior. The hazard function of the
exponential distribution, for instance, is constant over
time and therefore reflects no duration dependence, a
characteristic not indicated in our data. The hazard
function of the Weibull distribution is either monoton-
ically increasing (exhibiting positive duration depen-
dence) or decreasing (negative duration dependence).
Finally, the hazard function for a log-logistic distribu-
tion is non-monotonic and therefore, duration depen-
dence varies based on duration itself.8

Since Figures 1 and 2 suggest positive duration de-
pendence, we employ the Weibull distribution in our
full parametric analysis. This has certain advantages as
well, most notable of which is that it is relatively
straightforward to quantitatively assess the impact of
a given independent variable on the duration of a re-
cession, something not easily or meaningfully possible
with the log-logistic function (see Greene, 1993).9

5. Model specification and data

Based on similar existing studies, mainly Izraeli
and Murphy (2003), we conjecture that a number of
factors will likely affect the duration of a recession in a
particular state. The factor of particular interest in this

7 Censored observations are those that have either an unknown
beginning time prior to the observation period or an unknown end-
ing time after the observation period.

8 See Kiefer (1988) and Greene (1993) for details as to the implemen-
tation of each maximum likelihood estimation, including how ex-
planatory variables are introduced for parameter estimation.

9 For the sake of robustness, we estimated our model using both the
exponential and log-logistic functions and got qualitatively similar
results. These results are available upon request from the authors.
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research effort is industrial diversity. Traditional Ri-
cardian trade theory suggests that a state should spe-
cialize in one or more industries in which it has a
comparative advantage (Armstrong and Taylor, 2000).
However, this leaves a state susceptible to develop-
ments in those industries that occur outside the state
and therefore outside its control. For example, the
price of energy and other inputs may change, envi-
ronmental policies may be tightened, or new innova-
tions may reduce the competitiveness of a particular
industry. Therefore, greater industrial diversity, rather
than specialization, would theoretically help insulate a
state from the economic influences outside of its con-
trol by giving it a wider array of industries to rely
upon for stabilizing demand and employment.

The following general specification includes indus-
trial diversity along with other factors that are ex-
pected to influence the duration of recessions. De-
scriptive statistics for all variables are in Table 2.

f(DIV, DIVCH, U, RPICH, NWT,

DURATION = TEEN, OVERé65, POP, POPCH, (6)
DENS)

Table 2. Descriptive statistics

Variable Mean Std. Dev. Min. Max.
DURATION 7.08 6.00 2.00 52.00
DIV 318.00 47.14 236.6  470.77
4
DIVCH 2.55 4.84 -8.13 36.26
U 5.96 1.83 2.22 12.43
RPICH -0.98 2.65 - 4.01
17.14
NWT 12.74 10.51 0.74 63.95
TEEN 12.72 1.70 9.13 16.10
OVER65 11.54 2.10 2.83 18.27
POP 14.92 0.99 1291 17.24
POPCH 1.59 1.93 -1.07 10.57
DENS 170.41 239.95 0.71 1050.85
N 145

DURATION, analyzed above in the nonparametric
analysis, is again the length of time, measured in quar-
ters, over which a state recession lasts.

Our industrial diversity measures (DIV and
DIVCH - discussed below) use industry-level em-
ployment data. Problems arise, then, due to the fact
that industry data based on the Standard Industrial
Classification (SIC) runs through to 1997. For the pe-
riods 1998 to 2002, industry classifications are based
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on the newly implemented North American Industrial
Classification system. Since this will significantly dis-
rupt the DIVCH time series, we will estimate our
model covering the recessions recorded between 1979
and 1997.

DIV is the level of industrial diversity in a state in
the year prior to the start of the recession. Industrial
diversity is measured by the Herfindahl index (dis-
cussed above) calculated from the employment shares
for each industry by state over time. These data come
from the County Business Patterns, the Census Bureau's
annual report on business activity. Table Al in the ap-
pendix lists the full Web site addresses of all sources.
A higher Herfindahl index indicates a less industrially
diverse state while a lower index indicates greater in-
dustrial diversity. A priori, it is expected that states
with greater industrially diversity can better weather
an economic downturn and therefore experience
shorter recessions.10

DIVCH is the percent change in industrial diversity
from the year prior to the start of the recession to the
year in which the recession occurred.’’ Both the
change in diversity as well as the level of diversity is
included in the estimating equation because the two
variables capture different effects and both could have
important influences on recession duration. We hypo-
thesize that increases in industrial diversity should
have a negative effect on the duration of recessions.
Since the Herfindahl index decreases when diversity
increases, a state that experiences a decrease in its Her-
findahl index will experience shorter recessions. Thus,
a positive sign on DIVCH is expected.

There are several compelling reasons for consider-
ing the change in industrial diversity as a possible de-
terminant of recessionary length. Evidence is mount-
ing that job growth and decline patterns differ signifi-
cantly between recessionary periods and expansionary
periods. For instance, Davis et al. (1996, p. 83) have
found that job destruction (the elimination of jobs)
rates rise by 2.5 percent per quarter during recessio-
nary periods relative to expansionary periods. By con-
trast, job creation rates (the addition of employment)
fall by only 0.7 percent per quarter during recessio-
nary periods relative to expansionary ones. This coun-

10 Jzraeli and Murphy (2003) and Simon and Nardinelli (1992) both
use this approach. Izraeli and Murphy (2003) find that a higher
Herfindahl index (indicating higher industry concentration) is asso-
ciated with higher unemployment, supporting their thesis that di-
versification can reduce unemployment. Similarly, Simon and Nar-
dinelli (1992) find that in all years studied, except during the de-
pression years of 1930 and 1931, industrially more diversified cities
experienced lower unemployment.

11 For recessions that spanned more than one year, the values for
those variables are averages of all years during which the recession
lasted.
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ters prevailing wisdom regarding business-cycle be-
havior, which presumes that the rate of increase in job
destruction matches the rate of decline in job creation.
Moreover, Davis et al. (1996, p. 39) have found that
employment re-allocation flow rates vary significantly
between industries and, importantly, job creation va-
ries substantially from industry to industry. Some in-
dustries tend to be very well insulated from recessio-
nary downturns such that job creation can offset, and
in some cases more than offset, job destruction, whe-
reas other industries are not so well insulated. These
cyclical and sectoral changes in job flows that will
quite likely alter the diversification (or concentration)
of industry within a state may then lead to significant
impacts on the duration of a recessionary spell. For
instance, if the rate of job destruction in “slow to re-
allocate” industries is relatively high for a given state
and, in turn, those industries represent a significant
share of total employment, we would observe increas-
ing employment concentration (ie. an increase in
DIVCH). This might then make it more difficult for
that state to recover. Moreover, if a state is diversify-
ing, job creation in a state’s non-traditional sectors that
are “high job creation” industries may shorten the du-
ration of a state’s recession. Hence, job creation may
help offset some job destruction in other sectors in the
economy.

U is the state unemployment rate in the year prior
to the start of the recession and comes from the Bureau
of Labor Statistics. The one-year lagged value for un-
employment is necessary because recession duration,
the dependent variable, is constructed using the cur-
rent unemployment rate. The effect on duration here is
actually ambiguous. On the one hand, a higher state
unemployment rate may prompt longer recessions as
a larger portion of the labor force is seeking fewer
work opportunities. Hence, many people may be out
of work longer. Due to the immediate costs of migrat-
ing in the short run, unemployed workers are more
likely to stay where they are rather than to move to
find employment. This keeps the unemployment rate
higher and contributes to longer recessions. On the
other hand, it’s possible that the deeper a recession is,
the quicker an economy can “snap back.” Therefore,
higher unemployment rates may be associated with
shorter recession events. Empirical verification is thus
necessary.

RPICH is the percent change in real per capita in-
come at the state level from the year prior to the start
of the recession to the year in which the recession oc-
curred. The data for this variable come from the Re-
gional Economic Information System (REIS), a subdi-
vision of the Bureau of Economic Analysis. The change
in state income is expected to be negatively related to
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recession duration as increasing incomes would be
more likely to lead to shorter recessions while decreas-
ing incomes would likely lengthen recessions. The
change in income rather than the income level is used
because it is more consistent with how recessions are
defined. At any given point in time, the income level
varies greatly among states, but this does not necessar-
ily determine which states are experiencing recessions
versus expansions. The measure that matters more is
whether income is increasing or decreasing.

Following Izraeli and Murphy (2003), three demo-
graphic variables are included in the model to account
for different population characteristics among states.
All three are calculated from U.S. Census data. NWT is
the percentage of the working age population that is
non-white. More specifically, this is calculated as the
percentage of 15- to 64-year-olds who are of any race
other than white. This variable is expected to be posi-
tively associated with recession duration since this
group tends to experience higher unemployment rates
(Izraeli and Murphy, 2003).

TEEN is calculated as the percentage of 15- to 64-
year-olds who are 15 to 19 years of age. The expected
effect of TEEN on recession duration is unclear. Like
non-white workers, teenage workers tend to expe-
rience higher unemployment rates than the general
population, so TEEN could be positively related to
duration. On the other hand, a larger proportion of
teenage workers mean a smaller labor force, which
should lead to a lower unemployment rate and thus a
shorter recession.

The third demographic variable, OVER65, is in-
cluded to represent the proportion of the total popula-
tion that is 65 years of age or older. The a priori expec-
tation for its effect on duration is also unclear. The per
capita income and consumption level of this popula-
tion group is relatively low, so this could contribute to
longer recessions given the weaker demand. On the
contrary, a higher proportion of retired individuals
means a smaller labor force, which would likely cause
lower unemployment and shorter recessions.

Finally, measures of state population (POP), popu-
lation change (POPCH), and population density
(DENS) are added to the model. POP is the log of total
population in each state in the year prior to the start of
the recession. The data for total population are re-
ported by REIS, and this variable could affect the
length of recessions in different ways. A higher popu-
lation could be an indicator of economies of scale,
making a state’s businesses more competitive and thus
its recessions shorter in duration. In contrast, popula-
tion could be associated with a higher cost of living
and/or more generous welfare payments, which
would contribute to longer recessions.
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POPCH is simply the percent change in a state’s
total population from the year prior to the start of the
recession to the year in which the recession occurred.
It is expected to be negatively associated with reces-
sion duration because the in-migration of people tends
to increase the proportion of a state’s labor force that is
likely to be employed.

DENS represents population density or the average
number of persons per square mile in a state. It indi-
rectly reflects production costs because a higher popu-
lation density can lower transportation, communica-
tion, and labor costs, for example. If production costs
are lower, then state’s industries can be more competi-
tive and contribute to shorter recessions. Conversely,
areas with sparse populations are more likely to have
higher production costs as well as fewer businesses to
absorb laid-off workers. So a priori, the sign on DENS
is expected to be negative, meaning a higher popula-
tion density is associated with shorter recessions.12

Before proceeding, we investigated a scatterplot of
duration against diversity (one of our key variables).
From this analysis, three observations (all associated
with the state of Nevada), in addition to the two cen-
sored ones discussed above, appeared to be well out-
side the prevailing trends exhibited by the rest of the
data. Nevada’s industry is very highly concentrated
and thus has a much higher Herfindahl index relative
to the other 49 states. While Nevada’s Herfindahl in-
dex values were very high, their recession durations
were relatively short and it was clear that these three
observations were outliers. Therefore, Nevada’s three
recessions were dropped from the dataset for the full
parametric analysis. These observations represent,
then, state-level recessions that occurred between
1979:1 and 1997:4, again as published by Owyang et al.
(2005), regardless of the state.’® In other words, there
is no set number of recessions per state. For example,
one state may have had only one recession during this
time period while another state may have had five.

Before discussing the full parametric results, it is
advisable to address the potential for collinearity be-
tween independent variables as the presence of this

12 More detailed descriptions of the data sources for each variable
are listed in Table A1l of the Appendix.

13 Since we employ Owyang et al.’s (2005) data to the greatest extent
possible, one might reasonably presume that we in fact have a
population of recession data by state. However, in principle, we do
not. Recessions occurred in other states in other countries over this
1979:1 to 1997:4 period and states within the United States expe-
rienced recessions in periods prior to 1979 as well. Moreover, any
given recessionary observation represents one realization of a reces-
sion event presumably drawn from a population of possible reces-
sionary events. Hence, we are in all likelihood better off treating the
available data from Owyang et al. (2005) as a sample of recessionary
data.
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would result in a downward bias in estimated stan-
dard errors. Hence, we run the risk of concluding a
statistically meaningful variable is statistically insigni-
ficant. To address this, a correlation matrix is pre-
sented in Table 3 below. For the most part, there ap-
pears to be very little correlation between independent
variables. In fact, the highest degree of correlation ap-
pears to be between DIV and POP at 28 percent which
is relatively small and not likely to pose much difficul-
ty in the resulting estimations presented below.

6. Estimation results

Estimation results are presented in Table 4.1 The
table lists each coefficient with its t-statistic in paren-
theses as well as the marginal effect of a given inde-
pendent variable’s impact on the duration of a reces-
sion.’> Specifically, these marginal effects are elastici-
ties, a common and convenient measure of quantita-
tive impact, associated with a given independent vari-
able. In effect, elasticity measures the percent change
in the duration of a recession resulting from a percen-
tage change in a given independent variable. Mathe-
matically, this effect is derived as follows. Following
standard implementation, a full parametric duration
analysis employing the Weibull distribution results in
the following expression for the expected duration of a
given event, denoted E(T):

1
pt exp(-x'B)’]

E(T) )

where p>0is a “shape parameter” measuring the

degree of duration dependence in the Weibull formu-
lation, Xis a vector of independent variables (dis-

cussed above) and f is a vector of coefficients deter-

mined through maximum likelihood estimation. 16
Taking the natural log of (7) we get:

14 The regressions have been corrected for heteroskedasticity using
White’s correction. STATA 8.0 was used to perform the analyses.

15 For comparison, ordinary least squares regression analysis was
performed on these data also and the results regarding diversity
were the same. That is, DIVCH was positive and significant while
DIV was not statistically significant. These results, too, are available
upon request.

16 Note that the expected duration, E(T) of an event is in effect the
inverse of the Weibull hazard function: A(t) = A(t) = pt"’lxg where
2f is the baseline hazard function. The independent variables are
introduced through the baseline hazard. The most common means
of doing so is to define AL = exp(—x'p) - Moreover, it can be shown
that if p =1, the resulting hazard function exhibits no duration de-
pendence, suggesting the exponential function is a reasonable densi-

ty to employ. If (p# 1), then the function exhibits positive (negative)
duration dependence. See Kiefer (1988), Greene (1993), and Nadeau
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INE(T) =—In(p) — (p—1) In(t) + px' - )

Differentiating (8) with respect to a given independent
variable x; yields:

1 GET)_ .
Em oo P ¥

The left-hand side of (9) is by definition a semi-
elasticity. Therefore, measuring the percent change in
recession duration that results from a unit increase in a
given independent variable x; involves multiplying
the estimated shape parameter by the estimated coeffi-
cient on x;. To calculate an elasticity, one need only
multiply (9) by xi. The most common way of doing so
is to multiply by the mean value of x;!”:

% EM)_ o 10
E(T) ox pB;i X, (10)

Turning attention to the estimated results, first note
that the joint hypothesis that all coefficients are jointly
equal to zero can be rejected because the Wald %2 sta-
tistic, indicating goodness of fit, is statistically signifi-
cant. A significant Wald 2 statistic indicates that the
coefficients on the independent variables are not all
jointly equal to zero. In addition, the estimated
“shape” parameter, p >0, which measures the degree

of duration dependence in the Weibull formulation, of
1.86 is statistically significantly different from one,
indicating that the series exhibits positive duration
dependence.

Interestingly, and contrary to much of the litera-
ture, the level of diversity (DIV) was not a significant
factor in determining recession length. This result is
robust in that even if the change in diversity variable
(DIVCH) is removed from the model, the level of di-
versity does not turn out to be significant. However,
the change in diversity (DIVCH) is positively asso-
ciated with recession length. Recall that the Herfindahl
index is higher when industrial concentration is high-
er. These results indicate that when industrial concen-
tration is increasing over the year prior to the start of a
recession, the duration of the recession is longer.
When industrial diversity is increasing, recession du-
rations are shorter. So according to these results, it is
not the initial level of industrial diversity

(1997) for a more complete discussion of duration techniques and
empirical implementation.
17 Note that if an independent variable is already measured in natu-

ral logs, as is POP, pf; measures an elasticity.
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Table 3. Correlation matrix for independent variables
DIV  DIVCH U RPICH NWT TEEN OVER65 POP POPCH DENS
DIV 1.00
DIVCH -0.18 1.00
U -0.06 -0.16 1.00
RPICH -0.15 0.19 0.08 1.00
NWT -0.10 0.00 0.12 0.05 1.00
TEEN -0.15 -0.31 0.23 -0.20 -0.10 1.00
OVER65 0.12 0.12 -0.28 0.15 -0.23  -0.23 1.00
POP -0.28 0.00 0.05 0.13 024 -0.09 0.18 1.00
POPCH -0.01 0.07 -0.13 -0.08 019 -0.19 -0.19 -0.08 1.00
DENS -0.19 0.11 -0.08 0.18 0.08 -0.16 0.24 0.25 -0.22 1.00

Table 4. Full parametric maximume-likelihood estima-
tion results (t-statistics in parentheses.)

Elasticity (eva-
Parameter Weibull luated at varia-
ble’s mean)
DIV 0.01 5.91
0.79)
DIVCH 0.036** 0.17
(2.17)
U 0.05 0.55
(-1.48)
RPICH -0.043** 0.08
(-2.15)
NWT 0.01** 0.24
(2.26)
TEEN 0.01 0.24
(0.37)
OVER65 0.05 1.07
(1.53)
POP -0.15%** -0.28
(-2.53)
POPCH 0.13*** 0.50
(4.81)
DENS 0.0001 0.03
(1.22)
Wald A2 64.45%**
shape p=186
parameter

*** indicates significance at the 1% level
** indicates significance at the 5% level
* indicates significance at the 10% level

that matters but whether industrial diversity is in-
creasing or decreasing.!® This result, indicating a type
of “accelerator effect,” appears to be an economically
meaningful effect as well. According to Table 4, when
evaluated at DIVCH’s mean, a relatively small 10 per-
cent increase (decrease) in the rate of DIVCH growth
alone (akin to increasing from a 3.0 percent growth to
3.3 percent growth) results in a 1.7 percent increase
(decrease) in the length of a state’s recession. Hence,
an acceleration in employment concentration will
therefore result in longer recessions. Conversely, ef-
forts to promote diversity (reduce DIVCH) will result
in shorter recessions. In light of what we know about
job creation and destruction then, it would appear that
our results suggest that state economies that are more
diversified are able to absorb jobs into those higher job
creation sectors by virtue of the fact that a more di-
verse economy will likely have such sectors present.

At first glance, the results with respect to the level
of diversity may appear to be inconsistent with pre-
vious research. For example, Izraeli and Murphy
(2003) report that the level of diversity reduces unem-
ployment. With unemployment being a key ingredient
of a recession, one might expect that the level of diver-
sity should reduce the duration of recessions, but our
results find an insignificant influence.

18 It should be pointed out at this juncture that there are two com-
mon means of estimating duration models. One method is to esti-
mate the hazard function directly. When this is done, the resulting
coefficients reflect the marginal impact each one has on the condi-
tional probability of an event occurring given that it has not oc-
curred as of yet. Had we done so, we would have gotten a negative
coefficient on DIVCH, for instance. That is, reduced diversity re-
duces the likelihood of a recession ending in period t given that it
lasted until t. Alternatively, one could estimate the survivor func-
tion directly - which is more closely akin to the notion of duration.
Given our specific interest in duration, and given that the resulting
marginal effects are essentially the reciprocal of the first method, we
chose to model the survivor function directly.
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However, there is an important difference between
this study and previous research, including Izraeli and
Murphy. Most previous research examine one conti-
nuous time period of business cycles while this paper
isolates the recessionary periods only. There is evi-
dence that economic agents behave differently during
recessions than during expansions. For instance, un-
employment during expansions is dominated by new
entrants and reentrants into the labor market while
unemployment during recessions is dominated by lay-
offs (for this and other examples, see Chapters 5 and 6
of Davis et al., 1996). In addition, Owyang et al. (2005)
find that industrial mix affects growth rates differently
depending on whether they examine recessions or ex-
pansions. Thus, the finding that diversity level is an
insignificant influence may stem from which time pe-
riods are included in the analysis. The result may be
different for expansionary time periods.

Other variables were also found to be significant
determinants of recession duration. The change in real
per capita income (RPICH) is statistically significant
and is negatively associated with duration. In other
words, when real income is increasing, recessions are
shorter in length. Indeed, a relatively small 10 percent
increase in per capita income growth shortens the du-
ration of a recession by 1 percent. This result is ex-
pected since the change in income is an indicator
commonly used to define and date changes in the
business cycle. If incomes are increasing, then an
economy has most likely reached its turning point in a
recession.

A variable found to have a significant determinant
of recession length is the percentage of the working-
age population that is non-white (NWT). As expected,
it is positively associated with longer recessions, al-
though the quantitative effect is quite small. The non-
white population tends to experience higher levels of
unemployment, as Izraeli and Murphy (2003) find in
their study also, and this contributes to longer reces-
sions.

Finally, both population (POP) and population
change (POPCH) are statistically significant factors,
but their coefficients have opposite signs. The opposite
direction of their signs is an interesting result. A large
total population in the year prior to the start of a reces-
sion is associated with shorter recessions, but when
the state’s population is increasing, recessions are
longer. The sign on total population was expected
since a larger population may be an indication of
economies of scale in a state, making its businesses
more competitive. The sign on population change was
not expected since a growing population is sometimes
seen as a sign of a thriving economy. It is possible
though that a state might not have enough jobs to ac-
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commodate in-migration and thus increases in popula-
tion contribute to longer recessions. The signs on total
population and population change are opposite of
what Izraeli and Murphy (2003) report, but again, this
can likely be attributed to the fact that recessions are
isolated here, while all recessions and expansions were
used in their study. Furthermore, when one conti-
nuous time period is examined, expansions comprise a
larger proportion of time than do recessions.

In general, these results follow the a priori expecta-
tions. The sign on population change is one exception.
The results also generally support the idea that diver-
sification is a reasonable goal because increasing di-
versification (and/or slowing concentration) appears
to be associated with shorter recessions.

An important issue arises as a result of the manner
in which we have currently constructed DIVCH. Re-
call that this variable measures the change in industri-
al diversity from the year prior to the start of the re-
cession to the year in which the recession occurred.
However, there are a couple of potential problems
with this that need to be addressed.

First, it is quite possible that just prior to, or at the
beginning, of a given recession, a state might expe-
rience a substantial shock to its economy if a major
industry within that state experiences large employ-
ment lay-offs. Hence, the recession period itself may in
effect be causing DIVCH to change, clouding the cau-
sality as implied by our current model. Indeed, the
data suggesting how job flow patterns change during
recessions relative to expansions suggests this possibil-
ity.

Second, as a more extreme example, it is possible
that if a major industry in an economy were to exit in
the year just prior to the start of a recession, one could
see more industrial diversity during the recessionary
period as employment in the remaining smaller indus-
tries may be more evenly distributed. Hence, we
might have a result which says that massive lay-offs in
a sector just prior to a recession, resulting in an im-
provement in industrial diversity, might shorten a re-
cession. Such an outcome is not very likely given that
1) we are dealing with state-level data and for the
most part, US states are fairly diversified, and 2) we do
control for state-level unemployment rates anyway.
However, it is nonetheless beneficial to address this
point, as well as the first point. By focusing on a calcu-
lated measure of DIVCH that 1) was sufficiently dis-
tanced (in time) from the beginning of the recessionary
event and 2) represented primarily expansionary pe-
riods where the diversity index was changing largely
as a result of improving business conditions (i.e.
where job creations was out-pacing job destruction),
we can lessen the concern over endogeneity as well as
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lessen the concern that a major sector will exit a state’s
economy.

To address these issues then, we constructed two
alternative measures of DIVCH. The first, DIVCH_
AVG, measures the average change in DIV over the
three years prior to the start of a given recession. This
measure gives an indication of how DIVCH has be-
haved on average over time. While mitigating the is-
sues raised above, this measure may not completely
remove the endogeneity as a state’s economy may ex-
perience some industrial re-structuring within a year
of the start of a formal recession as some industries
may have different cyclical behaviors. To address this,
we calculated DIVCH_LAG3, which measures the
change in industrial diversity three years prior to the
start of the recession relative to the level of diversity
two years prior to the start of a recession.’ These re-
sults are presented in Table 5. With respect to the
change in diversity’s impact on recession duration, the
results are qualitatively in line with earlier results. In
both cases, DIVCH_AVG and DIVCH_LAGS3 indicate
that increasing (decreasing) industrial concentration
lengthens (shortens) the duration of recessions. In-
deed, focusing on DIVCH_LAGS3, a 10 percent accele-
ration (deceleration) in the concentration two years
prior to the start of a recession increases (decreases)
the duration event by 1.7 percent.

7. Conclusion

The objectives of this paper were 1) to test whether
state-level recessions are more likely or less likely to
persist as they increase in duration, and 2) to discover
what factors and characteristics of state economies
influence the duration of recessions, testing the influ-
ence of industrial diversity in particular. Regarding
the first goal, the main finding is that most recessions
are more likely to end as their duration increases given
that they have not ended already. With respect to the
second objective, our empirical results indicate that
numerous factors have statistically significant influ-
ences on the duration of recessions. These factors in-

19 The selection of the three-year limit in the construction of these
alternative variables is largely a pragmatic one. Ideally, a larger lag
may be desirable however data limitations tend to restrict such a
strategy. Our state level industrial employment data is only availa-
ble back to 1977 (as is our available recession data). Hence, when we
construct DIVCH based on lags of employment data, we are in effect
loosing some recession observations. In fact, our three year lag re-
sults in the loss of 27 recession observations, or about 19 percent of
our available data. While this is a substantial percentage it is neces-
sary given the importance of the potential endogeneity issue. How-
ever, further restrictions on the data that would result from using
additional lags would substantially reduce the power of the maxi-
mum likelihood estimates generated here.
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clude the percent growth in industrial diversity, un-
employment, real income per capita income growth,
the proportion of non-white workers, total population,
and the change in total population.

The most interesting and noteworthy finding of
this study is that the initial level of industrial diversity
in a state is not what significantly influences recession
duration. Rather it is whether or not industrial diversi-
ty is increasing. In states where diversity is increasing,
recessions are shorter in duration. In states where di-
versity is decreasing, recessions are longer in duration.
This research finding is a hopeful message for states
that are relatively more concentrated since it seems to
indicate that their initial level of diversity is not as im-
portant as their change in diversity. Therefore, this
could mean that as long as a state can accelerate its
industrial diversification, they may be able to reduce
the duration of their recessions.

Precisely how to increase diversity, though, is a
challenging policy dilemma. Aiming to decrease a
state’s most prominent industry in order to even out
industry proportions is of course, not very logical. Nor
is it logical to attempt to foster industries for which a
state does not already have some related potential and
capabilities. As a simplistic example, a state should not
try to increase its mining industry if it does not al-
ready have minerals abundantly available. There may
be a good reason why some industries are very small
in proportion. Each state should assess its strengths
and capabilities when deciding which industries to
target for expansion. Similarly, each state should iden-
tify which industries are most likely to contract, as-
suming that not all of the new employment in the ex-
panding industries will come from in-migration. Then,
in order to ease the reallocation of labor, policy initia-
tives such as job training could be pursued.

Before promoting active policy intervention, how-
ever, it is important to recall the results of the nonpa-
rametric analysis in context with the classical argu-
ment against the use of policy. The nonparametric
analysis suggests that a recession is more likely to end
the longer it persists. Therefore, a state should eva-
luate how long their recession has already lasted and
consider whether policy intervention is necessary.

Targeting diversification though, does not appear
to have a downside in terms of real per capita income
tradeoffs, according to Izraeli and Murphy (2003). This
finding, in addition to the general view that diversifi-
cation reduces instability (Wundt, 1992), suggests that
a policy aimed at diversifying a state’s industrial base
is not likely to have negative repercussions even if the
recession should happen to end before the policy takes
effect. This cannot be said with certainty however, un-
less expansionary periods are researched as well.
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Table 5. Full parametric results - alternative measures of DIVCH (t-statistics reported in

parentheses)
Average DIVCH DIVCH Lagged 3 Years
Elasticity (eva- Elasticity (eva-
luated at vari- luated at vari-
Parameter Weibull able’s mean) Weibull able’s mean)
DIV 0.0020 1.27 0.0018 1.11
(1.60) (1.33)
DIVCH_AVG 0.052** 026 -
08 e
DIVCH_LAG3 - 0.034%** 0.17
————— (2.79)
8) 0.05 0.54 0.04 0.48
(1.34) (1.22)
RPICH -1.15 222 -0.36 0.72
(-0.55) (-0.19)
NWT 0.01 0.13 0.01 0.25
(1.10) (1.34)
TEEN -0.07 -1.78 -0.06 1.65
(-1.62) (-1.49)
OVER65 -0.02 -0.35 -0.01 023
(-0.48) (-0.34)
POP -0.04 -0.08 0.01 0.02
(-0.62) (0.02)
POPCH 0.13*** 0.01 0.14%** 0.01
(4.02) (4.57)
DENS 0.0004 0.12 0.0003 0.10
(1.63) (1.33)
Wald A2 60.47%** 63.13***
shape parameter p =197 p=2.00

*ksk

indicates significance at the 1% level
** indicates significance at the 5% level
* indicates significance at the 10% level

Thus an important direction for future research
would be to perform a similar duration analysis on
expansionary time periods rather than recessionary
periods. If job creation and destruction vary consider-
ably over the business cycle as Davis et al. (1996, p. 83)
suggests, then industrial diversity may have different
influences over the business cycle as well. It may be
that an entirely different model would be necessary as
determinants of expansion duration may differ from

determinants of recession duration. Even so, it would
still be interesting to see a comparison between reces-
sions and expansions in terms of how diversity influ-
ences the duration of the downturns and upswings in
the economy.

An additional avenue for future research would be
to differentiate state recessions that appear to be co-
incident with national recessions and those that are
not. Doing so would offer insights as to whether or not
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a more diverse economy insulates a state from general
macroeconomic shocks versus state-specific economic
shocks. This may be of particular interest to those state
economies that are more exposed to the national or
international economy such as states that import a
significant amount of crude oil from abroad, for in-
stance. Doing this with our current dataset would be
difficult at best however. Of the 145 recessionary ob-
servations here, only 31 appear not to coincide with
national recessions and duration models generally
require relatively large amounts of data. Doing so,
therefore, would require substantial data collection by
either generating state recessionary data prior to 1977
or later than 1997 which is beyond the scope of this
study. Thus, while this study has improved our un-
derstanding of recession duration, additional research
here would be valuable.
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Appendix Table Al. Data descriptions and sources
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Variable Description Source

DURATION Number of quarters over which a giv-  Owyang et al. (2005)
en state is deemed to be in recession.

DIV Industrial diversity in a state in the County Business Patterns,
year prior to the recession. Calculated =~ www.census.gov/epcd/cbp/view/cb
using the Herfindahl Index. pview.html

DIVCH Change in industrial diversity. Calcu-  County Business Patterns,
lated as the change in the Herfindahl www.census.gov/epcd/cbp/view/cb
index from year prior to recession to pview.html
year of recession.

U State unemployment rate in the year Bureau of Labor Statistics,
prior to the recession. www.bls.gov/

RPICH Change in state real per capita person-  Regional Economic Information Sys-
al income. Change calculated as log tem,
difference in real income from year www.bea.doc.gov/bea/regional/reis/
prior to recession to year of recession.  (income)
Real income calculated from nominal
income using annual CPI based on All  Bureau of Labor Statistics,
Urban Consumers. http:/ /www.bls.gov/cpi/home.htm

(CPI)

NWT Percentage of a state’s working-age U.S. Census Bureau,
population (15-64 years) that is non- www.census.gov/popest/archives
white. Calculated from Census data.

TEEN Percentage of a state’s working-age U.S. Census Bureau,
population that is 15-19 years of age. www.census.gov/popest/archives
Calculated from Census data.

OVER65 Percentage of a state’s total population  U.S. Census Bureau,
that is 65 years or older. Calculated www.census.gov/ popest/archives
from Census data.

POP Log of total state population in the Regional Economic Information System,
year prior to the recession. www.bea.doc.gov/bea/regional/reis/

POPCH Rate of population growth in a state. =~ Regional Economic Information System,
Change calculated as log differencein www.bea.doc.gov/bea/regional/reis/
annual population from year prior to
recession to year of recession.

DENS Population density. Calculated as Regional Economic Information System,

persons per square mile.

www.bea.doc.gov/bea/regional/reis/
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Appendix Table A2. Recession duration data and nonparametric hazard, survivor, and inte-
grated hazard estimates

Durationin ~ Completed  Uncompleted  Hazard Esti- Survivor Es- Integrated
Quarters Recessions Recessions mate timate Hazard
b J " A(t) S(t) A
2 20 148 0.135 0.865 0.145
3 17 128 0.133 0.750 0.288
4 14 111 0.126 0.655 0.423
5 25 97 0.258 0.486 0.721
6 18 72 0.250 0.365 1.008
7 10 54 0.185 0.297 1.213
8 9 44 0.205 0.236 1.442
9 5 35 0.143 0.203 1.596
10 2 30 0.067 0.189 1.665
11 4 28 0.143 0.162 1.819
12 2 24 0.083 0.149 1.906
13 3 22 0.136 0.128 2.053
14 6 19 0.316 0.088 2432
15 5 13 0.385 0.054 2.918
16 2 8 0.250 0.041 3.205
17 1 6 0.167 0.034 3.388
18 1 5 0.200 0.027 3.611
19 0 4 0.000 0.027 3.611
20 0 4 0.000 0.027 3.611
21 1 4 0.250 0.020 3.899
30 1 3 0.333 0.014 4.304
52 1 2 0.500 0.007 4.997




