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In 1962, Arthur Okun posited an empirical relationship between the change in the unemployment rate
and real output growth. Since then, the media, policymakers, pundits, and intermediate macro students
have used the so-called Okun’s law as a rule of thumb to relate changes in unemployment to changes in
output growth. However, some studies have suggested that the relationship has not been stable over time.
Furthermore, the slow recovery of U.S. unemployment relative to output after the Great Recession has
led some to question whether Okun’s law has changed permanently. In this light, the authors reconsider
the evidence on instability in Okun’s law and, in particular, examine whether the Great Recession has
contributed to the breakdown of the empirical relationship. (JEL C22, E32)
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Many macroeconomic textbooks contain a rule of thumb relating real output growth to
changes in the unemployment rate.1 This relationship, called Okun’s law after Okun (1962), 
typically assigns a 2- to 3-percentage-point decrease in real gross domestic product (GDP)
growth to a 1-percentage-point increase in the unemployment rate.2 Unlike laws in the physical
sciences (e.g., Newton’s laws of motion), Okun’s law is an (arguably loose) empirical correlation
and is, in general, neither theoretically motivated nor strictly adhered to in the data.3 As many
of the reduced-form relationships build strictly on associations and not causation, Okun’s law
appears to vary depending on the sample period studied.

The recent economic experience in the United States following the Great Recession
(2007:Q4–2009:Q2) has prompted considerable doubts about the nature of Okun’s law. In partic-
ular, during the recovery from the Great Recession, the United States has experienced a sustained
high level of unemployment during a period of positive output growth, which is symptomatic of
so-called jobless recoveries. Thus, there have been concerns in policy circles that the apparent
correlation between different measures of unemployment and output fluctuations has weakened
over time. We take a closer look at the past three recessions when the jobless recovery phenome-
non was documented as more prevalent (see Engemann and Owyang, 2010). In addition, we
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investigate whether the correlation between unemployment and output fluctuations has been
significantly different during the Great Recession and the follow-up recovery. Furthermore,
some interesting differences in the behavior of Okun’s law are apparent if unemployment rates
for specific demographic groups are studied; we allude to some of these differences.

The balance of the paper is organized as follows: The next section reviews the history of
Okun’s law, including alternative representations and some criticisms. In the following section,
we posit three alternative representations of Okun’s law that allow for shifts in the relationship
across the business cycle. We then consider the empirical evidence, which is followed by our
conclusion.

OKUN’S LAW
Okun’s (1962) seminal paper regarding the unemployment-output relationship considers

the measurement of potential output. Okun believed that the potential output should not be
defined as the maximum output the economy could (unconditionally) produce. Instead, he
argued that the potential should be measured at full employment, which he characterized as the
level of employment absent inflationary pressures, or the level of the non-accelerating rate of
unemployment (NAIRU).4 Consequently, at the business cycle frequency the deviations of
unemployment from a level such as the NAIRU could be correlated with the deviations of out-
put from its trend.

Using quarterly data from 1947:Q2 to 1960:Q4, Okun regressed changes in the unemploy-
ment rate on changes in the log of real gross national product (GNP):

(1)

where ut is the unemployment rate, yt is the natural log of output measured with real GNP, and,
because we consider alternative specifications later in the paper, the superscript d indicates that
these coefficients are specific to the “difference” specification. Based on his sample period, Okun
found that α̂d = 0.3 and β̂ d = –0.3, leading to the conclusion that a 1-percentage-point decrease
in the real GNP growth rate was associated with a 0.3-percentage-point increase in the unem-
ployment rate. The textbook relationship is derived by inverting Okun’s result: If a 1-percentage-
point decrease in real GNP growth is associated with a 0.3-percentage-point increase in the
unemployment rate, then a 1-percentage-point increase in the unemployment rate must be associ-
ated with an approximate 3-percentage-point decrease in real output growth.

In addition to equation (1), Okun estimated a version relating the level of the unemployment
rate to the output gap, ytg, for a quarterly sample from 1953:Q1 to 1960:Q4:

(2)

where ytn is the time-varying path of potential output and ytg = yt – ytn is the output gap. Okun
cites a 3.5 percent constant trend line as an example of a path for potential output. Based on the
sample period considered, his reported estimates were α̂ g = 3.72 and β̂ d = –0.36, which suggests
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that a 3-percentage-point negative deviation of output from its trend is associated with a 1-per-
centage-point increase in the unemployment rate. In this case, the constant represents the natu-
ral rate of unemployment—the rate at which the output gap is zero.

Over the years, the simple empirical relationship has come under fire for its lack of a theo-
retical foundation. Moreover, Plosser and Schwert (1979) show that the standard interpretation
of the textbook version of Okun’s law has faulty econometric foundations. They show that invert-
ing the regression relationship in equation (1) cannot be accomplished by inverting the coeffi-
cients—that is, the estimates α̂ and β̂ obtained from

(3)

are not necessarily equal to α̂ = –α̂d/β̂ d and β̂ = 1/β̂ d, where α̂d and β̂ d are the estimates from
equation (1). The true slope coefficients in equations (1) and (3) are functions of covariances
between ∆yt and ∆ut, as well as the variances of the independent variables in the respective 
regressions. Consequently, with simple algebra, the authors show that the inversion of the slope
coefficients is valid only when the variables ∆yt and ∆ut are perfectly correlated—that is, if the
relationship between the two variables is deterministic. Using a different subsample (1953:Q1–
1970:Q4) than Okun, Plosser and Schwert (1979) show that—when estimated directly—a 
1-percentage-point increase in the unemployment rate is, on average, associated with a 1.6-
percentage-point decrease in real output growth, about half the size of the standard (and incor-
rect) interpretation suggested by the textbook rule.

A vast amount of empirical research since Okun (1962) and Plosser and Schwert (1979) has
focused on estimating the textbook specification of Okun’s law as opposed to inverting the rela-
tionship originally stated by Okun. Depending on the dataset, the period used for the estimation,
and the estimation method, the estimate changes. For example, using the same dataset, Attfield
and Silverstone (1997) find that the coefficient for the United States changes from 0.67 to 2.25
when accounting for a cointegrating relationship. Sönger and Stiassny (2002) provide some evi-
dence that the size of the coefficient can also vary by country.

Studies have also addressed the possibility of structural breaks in the relationship between
the unemployment rate and output growth. Knotek (2007) associates changes in Okun’s coeffi-
cient with business cycles in the United States: The coefficient is, on average, smaller (in absolute
value) in expansions than during recessions. Knotek also finds that the contemporaneous cor-
relation has decreased over time, while the dynamic correlation—that is, the correlation with
the lagged values of output growth measures—has increased. This asymmetric behavior of the
Okun’s coefficient over the business cycle is further reinforced by the findings of Beaton (2010)
for both U.S. and Canada. Recent empirical phenomena, such as the Great Moderation (the
period roughly between 1984 and 2007 described by low volatility on multiple time series in
the data) and the financial crisis that followed, may have altered the relationship between out-
put and unemployment fluctuations. For example, Daly and Hobijn (2010) note that the Great
Recession was marked by a persistent deviation from Okun’s empirical relationship. They argue
that, in 2009, unemployment rose well in excess of what would be predicted by Okun’s law. Daly
and Hobijn (2010) attribute this deviation to an unusual rise in labor productivity.

However, analyzing small samples of data on the unemployment rate and output growth
often calls unwarranted attention to apparent statistical anomalies. The question at hand is
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whether such deviations can be construed as statistically significant shifts in Okun’s law and, if
so, whether the observed time variations are large relative to the ones observed previously
throughout economic history. We address this question in the remainder of the paper.

An important aspect of this analysis is the nature of the data used. Some studies such as
Knotek’s (2007) use real-time data, whereas Daly and Hobijn (2010) consider the revised data
available at the time of the analysis. Depending on the data used, the conclusions might differ.
For instance, when comparing 2002:Q1–2010:Q4 output growth and unemployment rate data
from the January 2011 and 2012 vintages, we find that the between-vintage root mean squared
deviation for output growth is 10 times larger than that of the unemployment rate, which could
make a difference for Okun’s coefficient.5 Since we are concerned with the “true” nature of the
relationship between output growth and unemployment fluctuation as opposed to the predictive
performance of Okun’s law, we abstract from the real-time aspects of the data.

EMPIRICAL MODELS
In order to consider time variation in the relationship between unemployment and output

fluctuations, as well as to consider measures of uncertainty around our point estimates, we con-
duct a regression-based analysis. We consider three benchmark specifications for Okun’s law
consistent with Knotek’s (2007) approach, where equations (1) and (2) are referred to as “differ-
ence” and “gap” specifications, respectively, and are consistent with the original formulations of
Okun’s law. In addition, we consider an extension of the original Okun’s law that allows the cur-
rent and past values of output growth to affect the changes in the unemployment rate differently:

(4)

Equation (4) is the distributed lag version of the familiar difference specification in equa-
tion (1); we refer to this formulation of Okun’s law as a “dynamic” specification. In this case, the
change in the unemployment rate is determined jointly with lags of itself and lagged and current
changes in output growth.

Our analysis relies on revised data observed at a quarterly frequency. The variables are sea-
sonally adjusted and standardized in percentage points. The sample period includes 1949:Q1–
2011:Q4 and the data vintage is February 17, 2012. Output growth is measured as the quarter-
over-quarter (non-annualized) growth rate of real GDP. Data from the Federal Reserve Economic
Data (FRED) database of the Federal Reserve Bank of St. Louis are used for real GDP (series ID
GDPC96) and the civilian unemployment rate (UNRATE).6 Since unemployment is a monthly
series and real GDP is a quarterly series, an aggregation method is necessary. We use the quar-
terly average of the monthly series as a quarterly observation for the unemployment rate. We
consider two measures of output gap. The first one is obtained from the band-passed (BP) level
of real GDP to obtain fluctuations between 6 quarters and 8 years.7 The second measure is from
the Congressional Budget Office (CBO), the methodology of which is detailed in a 2004 CBO
background paper.

Figure 1 compares the two measures of output gap. It is obvious that there are drastic differ-
ences between the two—at least after 1979. The correlation for the overlapping periods is 0.79.
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Therefore, it is not surprising that, depending on the measure of output gap used, the inference
could be different. Figure 2 summarizes the data and shows the unconditional contemporane-
ous correlations between the unemployment rate and output growth/gap. The solid black circles
show the observations pertaining to the Great Recession and the follow-up recovery. It is impor-
tant to note that no particular dates stand out as explicit outliers. Interestingly, the correlation is
the highest when the CBO’s specification of output gap is used. Though the observations since
the Great Recession are consistent with the average proportionality observed in the data, they
are mainly concentrated in the area of a high output gap and a high unemployment rate, at least
based on the CBO’s estimate of the output gap.

Part of our interest is determining whether Okun’s law changes during recessions. In partic-
ular, we are interested in whether Okun’s law has changed significantly and in a historically
unprecedented manner during the past three U.S. recessions, all of which had jobless recoveries.
In addition, we investigate whether Okun’s law has changed more during the Great Recession
than in a typical recession, thus questioning whether the Great Recession was an uncommon
period.

We use two approaches to answer the questions posed. First, we incorporate an indicator
(dummy) variable dt for recession periods in various specifications of Okun’s law. More particu-
larly, we allow for both slope and level changes by introducing the recession dummies in the
mean and interaction terms with the output variable; these account for the average variability of
Okun’s law during recessions relative to “normal” times. In order to assess the time variation in
this relationship over specific recessions—as opposed to all recessions on average—we also con-
sider a fixed rolling window estimation. In this particular case, we consider all possible 12-year
subsamples starting at the beginning of our full sample and moving sequentially by one time
period. We choose 12 years to roughly capture at least one recession in each rolling window
estimation. For the reported results, the reported date corresponds to the end of the 12-year
subsample.
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NOTE: The solid black circles indicate the observations since the Great Recession (2007:Q4–2011:Q4).



In line with the first approach of incorporating the recession dates directly, we first aug-
ment the regressions in equations (1), (2), and (4) with recession dummies and an interaction
term of recession dummies with the output variables. The dummies are constructed to corre-
spond to the recession dates defined by the National Bureau of Economic Research (NBER) and
take values of 1 for the period that starts at the quarter after the peak of a recession and ends at
the quarter of the trough. The dummy variables take a value of 0 otherwise.8

We augment our three benchmark specifications with recession dummies as follows:

(5)

(6)

(7)

We further assess the deviations from Okun’s law during (i) the past three U.S. recessions
and (ii) the Great Recession. To do so, we modify equations (5) through (7) by including two
separate dummy variables indicating the historic recessions and either (i) the past three U.S.
recessions or (ii) the Great Recession. That is, we split the dummy variable dt further, such that
dtc = 1 captures either the past three U.S. recessions or the Great Recession depending on the
specification and dtc = 0 otherwise. The remaining historic recessions are captured by setting 
dth = 1; this variable has a default value of 0 otherwise. For brevity, we show the modified regres-
sion equation only for the difference specification in equation (8). The remaining specifications
are adjusted accordingly:

(8)

We start with the estimation of various specifications of Okun’s law described by equations
(1), (2), and (4). We then test for a single endogenous structural break by applying the supremum
test of Andrews (1993) to determine whether there is a structural break in the mean of the unem-
ployment rate as well as Okun’s coefficient. We then proceed with quantifying the potential
shifts in the mean and the slope coefficients of Okun’s law during the recessions by estimating
equations (5) through (7). We further entertain the possibility that the Great Recession and the
past three recessions have been significantly different from the historic ones. Finally, we shed
some light on the behavior of Okun’s law if the unemployment rate of the labor force aged 20
years and older is used instead of the total civilian unemployment rate. In all estimations con-
ducted, we construct the variance of the parameter estimates using a heteroskedasticity auto-
correlation-consistent asymptotic variance estimator.9 Confidence bands are formed under a
normality assumption on the error terms.

RESULTS
This section provides the results for our various specifications of Okun’s law. We provide

full-sample estimates, as well as rolling estimates, of Okun’s law to assess the extent of time vari-
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ation over the observed history. It should be noted that the rolling coefficients capture the
changes in correlation and the time of their occurrence in a smooth manner; thus, the magni-
tudes and the timings of shifts in the mean and slope coefficients should be interpreted in that
light. In addition, we interpret the evidence of rolling coefficients outside the confidence bands
suggested by the full-sample estimates as indicative of significant shifts in the estimated coeffi-
cients. In order to understand the exact timing of the shifts, we conduct formal tests of struc-
tural breaks. Furthermore, we include dummy variables capturing the recession periods in U.S.
economic history to determine how the recessions alter the behavior of Okun’s law. We also sep-
arate the dummy variables capturing the historic recessions, the past three recessions, and the
Great Recession to understand whether the jobless recovery phenomenon is apparent in Okun’s
law or whether the Great Recession is indeed all that different from other recessions.

Difference Specification

Figure 3 plots the rolling estimates (with a 12-year window) of the mean and slope coeffi-
cients in equation (1). In addition, the figure depicts the respective coefficients obtained using
the full sample of data—that is, the average correlation between changes in the unemployment
rate and output growth and its 95 percent confidence bands.

The fluctuations in the rolling window parameter estimates suggest that the relationship
expressed by Okun’s law has not been stable over time. Significant changes in both the mean
unemployment rate fluctuations and the slope coefficient occur over time. It appears that the
mean unemployment rate was historically low around 1975, and then again between 1995 and
2007.

The slope coefficient also exhibits considerable variations over time. The estimation through
the rolling windows captures breakdowns in the slope coefficient during the recessions of the
early 1970s, 1980s, 2000s, as well as the Great Recession. The significant changes in the correla-
tion occurred from 1965 to 1975 and during the 1990s and the Great Recession. The correlation
between changes in the unemployment rate and output growth decreased significantly between
1965 and 1975. It since has increased significantly in the 1990s and then during the Great
Recession. For example, before the Great Recession, a 1-percentage-point increase in output
growth would be associated with a decrease in the unemployment rate of about 0.15 percentage
points. After the recession, the same change in output growth would be associated with a
decrease in the unemployment rate of about 0.34 percentage points. In addition, the most
recent value of the rolling estimate falls outside the 95 percent confidence bands around the
full-sample coefficient estimate; this provides statistically significant evidence that the Great
Recession intensified the unemployment rate–output growth relationship compared with an
average historic recession. 

However, the breakdown detected during the Great Recession is not the most severe one
over the historical sample. For example, the correlation coefficient pre-Great Recession is similar
to 1975’s and the correlation coefficient post-Great Recession is similar to 1995’s. Interestingly,
when the time variation in the mean and the slope coefficient are compared, they appear to be
moving in the same direction (in absolute terms): When the average changes in the unemploy-
ment rate are high, the sensitivity of the unemployment rate to output growth fluctuations is
also high and vice versa.
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Table 1 reports single unknown structural break test results using the methodology of
Andrews (1993). There is a significant breakdown in the correlation associated with the end of
a recession dating to 1983:Q1 at the 10 percent significance level. When we test for a break in the
mean or in the joint dynamics of the mean and slope coefficients, we find no signficant breaks.
Structural break tests of the considered form, however, are generally poor at detecting breaks
near sample endpoints; results for these tests may change as more data become available.

Table 2 presents the results of the formal hypothesis tests. The average change in the unem-
ployment rate is 0.24 percentage points. The sensitivity of the unemployment rate to output
growth fluctuations is about 0.29 percentage points. Both coefficients are statistically different
from zero. We then allow Okun’s law to differ both in the level and the slope in the recessions.
The estimates show that in an average recession the unemployment rate fluctuations are 0.41
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percentage points higher relative to the expansion periods; this observed difference is signifi-
cant. In addition, the unemployment rate becomes more sensitive to fluctuations in output
growth, though the increase in the correlation is not significant. 

When we separate the historical recessions from the three most recent recessions (bench-
mark I in Table 2) and the Great Recession (benchmark II in the table), there appear to be sig-
nificant changes in the mean unemployment rate fluctuations in all recessions despite the
specification. In this regard, the past three recessions and the Great Recession do not differ from
one another or from the historic ones in magnitude and significance. In addition, it appears that
the average historic recessions do not significantly alter the slope of Okun’s law; however, we
detect significant changes in the correlation between changes in the unemployment rate and
output growth during both the past three recessions and the Great Recession.10 For every 1-
percentage-point decrease in output growth during the past three recessions, the unemployment
rate has increased by 0.11 percentage points. During the Great Recession the increase was mag-
nified to 0.16 percentage points. A Wald test, however, suggests that the marginal impact of the
three most recent U.S. recessions and the Great Recession is not statistically different from the
impact of the historic ones.
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Table 1
Andrews’ (1993) Quandt Likelihood Ratio Structural Break Test

Break in mean Break in slope Break in both

Specification QLR Statistic p-Value Break QLR Statistic p-Value Break QLR Statistic p-Value Break

Difference 9.03 0.11 1983:Q1 10.12 0.07 1983:Q1 9.50 0.19 1983:Q1
Gap (CBO) 20.75 0.00 1958:Q3 10.34 0.07 1975:Q1 27.22 0.00 1958:Q3
Gap (BP filter) 39.89 0.00 1972:Q2 1.84 1.00 1970:Q1 38.84 0.00 1972:Q2
Dynamic 20.86 0.00 1973:Q3 47.94 0.00 2002:Q3 41.58 0.00 2000:Q4

NOTE: The Quandt likelihood ratio (QLR) break test is a test for an unknown breakpoint in all or a subset of regression parameters. The reported
results test for a break in the mean, the slope coefficients, and both of them jointly. For the dynamic specification, we test for a break in the
mean, three slope coefficients associated with output growth (jointly), in addition to testing for a break in both of them together.

Table 2
Regression Coefficients for Difference Specification

Specification α β λ1 λ2 θ1 θ2 φ1 φ2

Benchmark 0.24** –0.29** — — — — — —
Benchmark with all recession dates 0.06** –0.17** 0.41** –0.06 — — — —
Benchmark with split recession dates (I) 0.06** –0.17** — — 0.43** –0.05 0.35** –0.11*
Benchmark with split recession dates (II) 0.06** –0.17** — — 0.42** –0.04 0.37** –0.16**

NOTE: Specification I (II) corresponds to the marginal effects of the three most recent U.S. recessions (Great Recession) considered separately
from the historic ones. Split recession specifications: I, Wald test statistic for (θ1 = φ1 and θ2 = φ2) = 1.35; p-value = 0.51. II, Wald test statistic for
(θ1 = φ1 and θ2 = φ2) = 2.72; p-value = 0.26. The total number of observations is 251; the number of observations in recessions is 51. 
** and * indicate significance at the 5 and 10 percent levels, respectively.
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In summary, we detect significant variations in the Okun’s law relationship over the busi-
ness cycle. In general, when the average unemployment rate fluctuations are high, the unem-
ployment rate is also more sensitive to output growth variations. All recessions seem to
significantly alter the average unemployment rate fluctuations. The three most recent reces-
sions, as well as the Great Recession, seem to significantly change the sensitivity of the unem-
ployment rate to output growth as well.

Gap Specification

We first discuss the results for Okun’s law in the gap specification, equation (2), where the
output gap is consistent with the CBO estimate. Then we proceed with results for the estimate
obtained for the output gap with a BP filter.
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Figure 4 depicts the rolling window estimates of the mean and slope coefficients in the
CBO gap specification and shows significant fluctuations in both coefficients over time. However,
the mean of the unemployment rate appears to be changing in a rather smooth and persistent
manner. Though the average unemployment rate is about 5.5 percent over the full sample, it is
significantly higher during the period between the late 1970s and the late 1990s, reaching a
peak of about 6.5 percent around 1987. The slope coefficient also exhibits time variation. It
appears that the drastic changes in Okun’s correlation coefficient also occur mostly around the
recessions, with the shift in the mid-1990s an exception to that rule. The overall trend observed
in Figure 3 (the difference specification) holds in this setup as well. Periods of high unemploy-
ment seem to coincide with periods of higher correlation between the unemployment rate and
the output gap.

The most recent significant shift in the slope coefficient occurs around the Great Recession.
Prior to this recession a 1-percentage-point increase in the output gap decreased the unemploy-
ment rate by roughly 0.42 percentage points, while after the recession this correlation is closer
to its historical average of about –0.55 percentage points. However, the shift in the slope coeffi-
cient observed in the late 1970s is by far larger than that during the Great Recession. The struc-
tural break tests in Table 1 suggest a significant break date in the mean for 1958:Q3, while the
break in the slope coefficient is less significant (only at the 10 percent significance level) dating
to 1975:Q1. The break in the joint relationship (i.e., the overall behavior of Okun’s law) coincides
with the break date of the mean. It should be noted that 1958:Q3 and 1975:Q1 are only one
quarter after a recession.

Table 3 shows the regression coefficients for the CBO gap specification. The average unem-
ployment rate over the full sample is about 5.52 percent and is statistically different from zero.
A 1-percentage-point increase in the output gap decreases the unemployment rate by 0.53 per-
centage points. When the effects of recessions are captured by incorporating a recession dummy
and an interaction term of a recession dummy with the output gap, we find that the average
unemployment rate is statistically lower during recessions by 0.75 percentage points. The reces-
sions do not seem to alter the sensitivity of the unemployment rate to output gap fluctuations
on average. 
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Table 3
Regression Coefficients for Gap Specification (CBO)

Specification α β λ1 λ2 θ1 θ2 φ1 φ2

Benchmark 5.52** –0.53** — — — — — —
Benchmark with all recession dates 5.65** –0.55** –0.75** –0.02 — — — —
Benchmark with split recession dates (I) 5.65** –0.54** — — –0.79** –0.08 –0.69** 0.09**
Benchmark with split recession dates (II) 5.65** –0.55** — — –0.73** –0.07 –1.01** 0.06

NOTE: Specification I (II) corresponds to the marginal effects of the three most recent U.S. recessions (Great Recession) considered separately
from the historic ones. Split recession specifications: I, Wald test statistic for (θ1 = φ1 and θ2 = φ2) = 8.14; p-value = 0.02. II, Wald test statistic for
(θ1 = φ1 and θ2 = φ2) = 10.87; p-value = 0.01. The total number of observations is 252; the number of observations in recessions is 52. 
** indicates significance at the 5 percent level.



When we separate the past three recessions and the Great Recession from the rest of the
recorded U.S. recessions, the significant difference in the mean unemployment rate during the
recessions still holds. However, during the Great Recession the shift in the mean is considerably
larger in magnitude: about 0.28 percentage points lower relative to historic recessions. The past
three recessions seem to have significantly altered Okun’s correlation coefficient as well: It has
decreased (in absolute terms) by 0.09 percentage points. The Wald test results suggest signifi-
cant evidence that Okun’s law has been statistically different from its historical pattern in both
the three most recent recessions and the Great Recession.

The results for Okun’s law based on the output gap measure obtained with the BP filter are
qualitatively similar to those based on the CBO measure of the output gap. Since we use a cen-
tered BP filter, we lose three quarters of data from the Great Recession era, as they are used in
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Okun’s Law in Gap Specification (BP Filter) with Rolling Windows



estimating the output gap. Figure 5 highlights the similarity in the dynamics of Okun’s coeffi-
cient. The estimated mean unemployment rate still fluctuates in a very smooth fashion. There
are significant shifts in the slope coefficient, with the largest shift in magnitude during the late
1990s. The difference in the estimates based on the two measures of the output gap is in the
magnitudes. Though the full-sample estimates of the mean and slope coefficients are roughly
the same, the fluctuations in the rolling window estimates are much larger in magnitude for the
output gap measure obtained with a BP filter. The formal structural break tests in Table 1 sug-
gest a significant break in the mean coefficient but not the slope, which is in line with the results
based on the CBO estimate of the output gap. However, the break date for the Okun’s law rela-
tionship corresponds to 1972:Q2.

Table 4 shows parameter estimates for the BP-filtered full sample that are very similar to
those for the CBO’s output gap measure. The average sensitivity, as well as sensitivities over
recessions, are marginally higher for this specification relative to those obtained using the CBO’s
output gap measure. On the other hand, the recessions seem to be associated with a smaller
decline in the average unemployment rate in this case. Nevertheless, the results are generally
not statistically significant. The only exception is the effect of the Great Recession on the aver-
age unemployment rate: The average unemployment rate increased by about 0.56 percentage
points during this time. Yet, there is no statistically significant evidence that either the past
three U.S. recessions or the Great Recession are statistically different from the historic ones
based on this specification.

We conclude that the gap specification of Okun’s law is also affected by instabilities. The
mean seems to change in a persistent manner and is lower during recessions. Overall, recessions
do not significantly alter the correlation between the unemployment rate and the output gap. In
general, the two measures of the output gap do not appear to yield qualitatively different results.

Certainly, the discussion of this specification comes with a caveat that we use an estimated
regressor—the output gap—but we do not correct for the additional uncertainty this introduces
to the estimation. In essence, the degree of uncertainty in this model is underestimated. Moreover,
the computation of the output gap itself can be important in interpreting the results of Okun’s
regression.
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Table 4
Regression Coefficients for Gap Specification (BP Filter)

Specification α β λ1 λ2 θ1 θ2 φ1 φ2

Benchmark 5.74** –0.58** — — — — — —
Benchmark with all recession dates 5.78** –0.61** –0.16 0.05 — — — —
Benchmark with split recession dates (I) 5.78** –0.61** — — –0.27 0.00 –0.13 0.25
Benchmark with split recession dates (II) 5.78** –0.61** — — –0.31 –0.01 0.56** 0.09

NOTE: Specification I (II) corresponds to the marginal effects of the three most recent U.S. recessions (Great Recession) considered separately
from the historic ones. Split recession specifications: I, Wald test statistic for (θ1 = φ1 and θ2 = φ2) = 1.67; p-value = 0.43. II, Wald test statistic for
(θ1 = φ1 and θ2 = φ2) = 4.08; p-value = 0.13. The total number of observations is 228; the number of observations in recessions is 46. 
** indicates significance at the 5 percent level.



Dynamic Specification

Table 5 shows the regression coefficients for the dynamic specification. The inclusion of
lags increases the mean and the overall correlation between changes in the unemployment rate
and output growth relative to the difference specification (see Table 2). Based on the dynamic
specification the average fluctuation in the unemployment rate is 0.28 percentage points, while
a 1-percentage-point increase in the output growth decreases the unemployment rate by a total
of 0.35 percentage points. 

In contrast to the results in the difference specification, it appears that the effects of the
recessions arise from the shifts in the mean and the slope. An average recession increases the
unemployment rate by 0.22 percentage points, slightly lower than the 0.41-percentage-point
estimate based on the difference specification. The effect of the past three recessions and the
Great Recession do not appear to differ from those of historic recessions by their estimated
shifts in the mean and the slope of Okun’s law. However, these recessions seem to have signifi-
cantly altered the correlation coefficient relative to historic recessions: Okun’s correlation coef-
ficient decreased by 0.12 percentage points during the Great Recession, while the reduction was
about 0.11 percentage points for the previous U.S. recessions.

The rolling estimates of the regression coefficient of the contemporaneous output growth
and its two lags indicate time variation. Figure 6 shows the rolling window estimates of the mean
and the correlation coefficients of the contemporaneous and lagged output growth together
with the full-sample estimates. We observe significant time variation in all the coefficients. The
changes in the average unemployment rate fluctuations and the contemporaneous correlation
coefficient show dynamics similar to the difference specification: When changes in the unem-
ployment rate are high, the unemployment rate is more sensitive to fluctuations in output growth.
The dynamics of the lagged correlation coefficients are more persistent. The structural break
tests in Table 1 attribute the breaks in the mean to 1973:Q3; the breaks in the slope and the joint
dynamics are attributed to the early 2000s.
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Table 5
Regression Coefficients for Dynamic Specification

Specification α β β1 β2 γ1 γ2 λ1 λ2 θ1 θ2 φ1 φ2

Benchmark 0.28** –0.21** –0.09** –0.05** 0.24** –0.08 — — — — — —

Benchmark with all 0.17** –0.14** –0.08** –0.05** 0.21** –0.10 0.22** –0.11** — — — —
recession dates 
Benchmark with split 0.17** –0.14** –0.08** –0.05** 0.21** –0.10 — — 0.23** –0.12** 0.21** –0.08
recession dates (I) 
Benchmark with split 0.17** –0.14** –0.08** –0.05** 0.21** –0.10 — — 0.23** –0.11** 0.18** –0.12**
recession dates (II)

NOTE: Specification I (II) corresponds to the marginal effects of the three most recent U.S. recessions (Great Recession) considered separately
from the historic ones. Split recession specifications: I, Wald test statistic for (θ1 = φ1 and θ2 = φ2) = 0.88; p-value = 0.65. II, Wald test statistic for
(θ1 = φ1 and θ2 = φ2) = 0.59; p-value = 0.74. The total number of observations is 249; the number of observations in recessions is 49. 
** and * indicate significance at the 5 and 10 percent levels, respectively.
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Robustness

In order to consider the robustness of our results to the different measures of unemploy-
ment we consider Okun’s law using not the civilian unemployment rate, but the unemployment
rate of the labor force aged 20 years and older (series ID LNS14000024 from the FRED database).

Figure 7 depicts the rolling estimates of the mean and slope coefficients in the difference
specification as in equation (1) for this new measure of the unemployment rate. The pattern of
the figures are similar to that of the difference specification with the civilian unemployment
rate (see Figure 3). Average unemployment rate fluctuations for the labor force aged 20 years
and older are about 0.22 percentage points compared with 0.24 percentage points in the civilian
unemployment rate. The average slope coefficient is slightly lower (in absolute value) for the
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labor force aged 20 years and older: A 1-percentage-point increase in the output growth
decreases unemployment rate by 0.27 percentage points compared with the 0.29 percentage
points of the difference specification. Thus, the unemployment rate for this demographic group
seems to be lower on average and less sensitive to the output growth fluctuations. There is con-
siderable time variation in both the mean and the slope. Relative to the civilian unemployment
rate, the mean is lower for the period prior to 1983. In addition, the unemployment rate for the
labor force aged 20 years and older has been less sensitive to the output growth fluctuations in
general, though the difference has narrowed over the last decade such that its correlation with
output growth is still similar to the 0.34-percentage-point correlation between the civilian
unemployment rate and output growth at the end of the sample.

Table 6 shows the regression coefficients for the difference specification of Okun’s law for
the labor force aged 20 years and older. The results suggest, again, that recessions tend to signif-
icantly alter the average unemployment rate fluctuations compared with changes in the slope.
However, the Great Recession and the three most recent U.S. recessions with documented job-
less recoveries appear to also affect the slope coefficients in a statistically significant way.

CONCLUSION
We consider various specifications of Okun’s law to assess the degree of time variation in

the unemployment and output fluctuations over the business cycle. We pay particular attention
to the three most recent U.S. recessions and the Great Recession. We find a great degree of
instability in the historical performance of Okun’s law. The breakdowns in Okun’s law seem to
be highly correlated with the business cycle: The detected break dates of the largest changes in
the coefficients appear to be around recessions. The most robust finding of this study is that
recessions contribute to the increase in the unemployment rate on average. The correlation
between unemployment and output fluctuations changes significantly during the Great Recession
and the three most recent recessions. The statistical significance of the slope changes depends
on the specification at hand. Nevertheless, it appears that periods of high unemployment are
correlated with increased sensitivity of the unemployment rate to output growth or gap fluctua-
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Table 6
Regression Coefficients for Difference Specification with Unemployment Rate for Workforce 20 Years and Older

Specification α β λ1 λ2 θ1 θ2 φ1 φ2

Benchmark 0.22** –0.27** — — — — — —
Benchmark with all recession dates 0.05** –0.16** 0.40** –0.05 — — — —
Benchmark with split recession dates (I) 0.05** –0.16** — — 0.42** –0.03 0.34** –0.12**
Benchmark with split recession dates (II) 0.05** –0.16** — — 0.40** –0.02 0.36** –0.16**

NOTE: Specification I (II) corresponds to the marginal effects of the three most recent U.S. recessions (Great Recession) considered separately
from the historic ones. Split recession specifications: I, Wald test statistic for (θ1 = φ1 and θ2 = φ2) = 1.99; p-value = 0.37. II, Wald test statistic for
(θ1 = φ1 and θ2 = φ2) = 4.30; p-value = 0.12. The total number of observations is 251; the number of observations in recessions is 51. 
** indicates significance at the 5 percent level.



tions, though these shifts might not always result in significant changes. We conclude by sug-
gesting that back-of-the-envelope calculations used to relate changes in the unemployment rate
to changes in output growth or the output gap should not be taken too seriously but rather as an
approximation to be taken with a grain of salt.

NOTES
1 At different points in time, scholars have used either gross domestic product (GDP) or gross national product (GNP)

to measure output. Since 1992, there has been more emphasis on GDP as a comprehensive measure of economic
activity, and most studies have relied predominantly on GDP since. We do so as well; however, when discussing the
literature, we explicitly indicate the measure each study uses.

2 For example, Mankiw (2002) and Romer (2006) estimate a 2-percentage-point decline in the real GDP growth rate 
for every percentage-point increase in the unemployment rate, while the original estimate by Okun (1962) is a 
3-percentage-point decline.

3 For a structural interpretation of Okun’s law see, for example, Christiano, Trabant, and Wallentin (2010).

4 In his paper, Okun argues that 4 percent unemployment is a reasonable approximation of the NAIRU and full-
employment condition.

5 The real-time data are from the ArchivaL Federal Reserve Economic Data (ALFRED) database 
(http://alfred.stlouisfed.org/). The two vintages of GDP growth are for January 27, 2012 (GDPC1 PCH, 2012-01-27)
and January 28, 2011 (GDPC1 PCH, 2011-01-28). The vintages for the unemployment rate are for February 3, 2012
(UNRATE, 2012-02-03) and February 4, 2011 (UNRATE, 2011-02-04). The quarterly unemployment rate is constructed
by averaging the monthly observations in respective quarters.

6 The most recent data are available from the FRED database (http://research.stlouisfed.org/fred2/).

7 We use a symmetrically centered filter with a window of 12; thus, the total number of terms in the band-pass filter is
25. Since we use a centered filter, we lose 12 observations (the equivalent of 3 years) from each end of the sample.
For details, see Baxter and King (1999).

8 The dates are determined by the NBER Business Cycle Dating Committee (dates provided at
www.nber.org/cycles.html).

9 The estimated variance of the error term is obtained as 

for all i ≥ 0. We set where T is the effective sample size in each estimation. See Newey and West (1987)
for details.

10 This result could be driven by the Great Recession since it is also included in the three most recent recessions.
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