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NEW TECHNOLOGIES AND THE LABOR MARKET

Is Modern Technology Responsible for Jobless Recoveries?!

By GEORG GRAETZ AND GUY MICHAELS

Since the early 1990s, recoveries from reces-
sions in the United States have been plagued
by weak employment growth. Employment
growth during the two years after each reces-
sion’s trough was a little over 5 percent before
1990, and just under 1 percent since then (Gali,
Smets, and Wouters 2012). One possible expla-
nation for the slower recovery of jobs is related
to technological change. Middle-skill jobs, often
involving routine tasks that are particularly sus-
ceptible to replacement by new technologies,
might be destroyed permanently during reces-
sions. The displaced workers are then forced
into time-consuming transitions to different
occupations and sectors, resulting in slow job
growth during the recovery. This explanation
has been proposed, along with empirical evi-
dence, by Jaimovich and Siu (2014), and we
confirm that it fits the employment patterns in
the United States. But we also examine whether
this mechanism is at work in the rest of the
developed world: labor market polarization (or
“hollowing out” of middle-skill jobs) has been
documented in the United States as much as in
other countries, and there is evidence that tech-
nology is one of the drivers of this change (Goos,
Manning, and Salomons 2014; Michaels, Natraj,
and Van Reenen 2014). Our main research ques-
tion is therefore: could modern technology also
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be contributing to jobless recoveries across
developed economies?

In order to examine technology’s role in
employment recoveries from recessions, we use
data on 71 recessions, which took place in 17
developed countries from 1970-2011." We use
both aggregate country-level data and harmo-
nized data on 28 industries within each of these
countries. We investigate how recoveries changed
since the late 1980s, and whether these changes
are likely attributable to technological change.

First, we examine whether recoveries from
recessions after 1985 produced slower employ-
ment growth than earlier recoveries. Second,
we test whether industries that make more
intensive use of routine jobs, and are there-
fore more susceptible to technological change,
have had particularly slow employment growth
in recoveries. Finally, we investigate whether
routine-intensive industries have seen more
replacement of middle-skill jobs during reces-
sions and recoveries.

We find that, in contrast to the United States,
recoveries in other developed countries as a
whole have not become significantly more
jobless since the late 1980s, even though GDP
did recover more slowly. Routine-intensive
industries did experience deeper recessions and
slower recoveries than other industries, but this
pattern did not change significantly after 1985.
Finally, we find that middle-skill employment
grew similarly in routine-intensive industries
and other industries during recent recoveries.
Taken together, this evidence suggests that
technology is not causing jobless recoveries in
developed countries outside the United States.

! The countries included are Australia, Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Japan, the Netherlands, South Korea, Spain, Sweden, the
United Kingdom, and the United States.
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I. Data

‘We obtain industry-level real value added, total
hours worked, and hours worked by skill group,
as well as country-level hours worked, from the
EUKLEMS dataset (O’Mahony and Timmer
2009) and the World Input-Output Database
(WIOD, Timmer et al. 2015).> EUKLEMS cov-
ers the period 1970-2007 (for the United States,
1977-2007) and also includes information on
the share of Information and Communication
Technologies (ICT) services in total capital ser-
vices. WIOD covers 1995-2011.7

Our source for country-level GDP data, at
both quarterly and annual frequency, is the
OECD (2016). We obtain business-cycle peak
and trough dates from the Economic Cycle
Research Institute (ECRI).? For countries not
covered by ECRI, we assign peak and trough
dates using quarterly GDP data from the OECD,
defining a recession as two or more consecutive
quarters of negative GDP growth.”

Since our industry-level data are only avail-
able at annual frequency, we classify each
country-year as an expansion, recession, or
recovery year, based on quarterly peak and
trough indicators. Our final sample contains 71
recessions for which we observe at least the first
year of recovery. We choose 1985 as the last year
of our pre-period, consistent with Jaimovich and
Siu (2014), who consider the 1990 recession in
the United States (the previous US recession
ended in 1982) to be the first to feature a jobless
recovery.

One might be concerned that our use of
annual data causes measurement error in the
timing of business cycles. However, prior litera-
ture on jobless recoveries focuses on cumulative
employment growth, say over four or eight quar-
ters as in Gali, Smets, and Wouters (2012), after
a trough. This suggests that annual data, though
admittedly not ideal, can be used to study jobless

2EUKLEMS and WIOD provide data on three different
skill groups: high (college and above), middle (high school,
some college) and low (less than high school).

3We use the more recent WIOD data during years of
overlap with EUKLEMS.

4See their table “Business Cycle Peak and Trough
Dates, 21 Countries, 1948-2015,” available at https:/
www.businesscycle.com/download/report/3723  (accessed
November 1, 2016).

SThe countries not covered by ECRI include Denmark,
Finland, Ireland, and the Netherlands.
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recoveries. Because the distinction of recession
and recovery years may be noisy in some cases,
we report coefficients on indicators for recession
years, as well as recovery years, in all our results.
Reassuringly, for the United States we do detect
patterns consistent with those documented by
Jaimovich and Siu (2014) in our annual data.
Furthermore, there are no significant differences
in the frequency of recession years (about one
in six) or the distribution of peak and trough
quarters, between our pre-period (1970-1985)
and post-period (1986-2011). It is therefore
unlikely that measurement error due to using
annual cycle indicators is driving our results.

We measure the extent to which industries are
subject to technological change using routine
intensity (RTI) as constructed in Autor and Dorn
(2013). Consistent with prior literature, we find
routine intensity to be positively related to the
ICT share in total capital services in 1995: a
one-standard-deviation increase in routine inten-
sity is associated with a 0.2 increase in the share
of ICT in total capital. This relationship does
not vary between the United States and other
countries. The most routine-intensive industries
include financial intermediation, retail trade, and
various manufacturing industries, while the least
routine-intensive industries include agriculture,
transportation, and education.

Further details on data construction, as well
as more extensive results, can be found in the
working paper version—henceforth, WPV—of
this paper (Graetz and Michaels 2017).

II. Results

We begin by examining aggregate changes in
recoveries from recessions. We do this by esti-
mating regressions of the form

(1) Alog Y., = d;,3 + x.(3,
+ 1{r > 1986} x d/,(33
+ 1{r > 1986} x x.B; + e

using aggregate level data on annual changes
in outcomes Y., € {GDP,,, hours,} in country ¢
and year t. The vector d,, collects indicators for
year ¢ being a recession year, a year after a reces-
sion, or a year that comes two years after a reces-
sion. The matrix x. contains country dummies.
We cluster standard errors by country, using the
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small-group adjustment that Stata implements
by default (Brewer, Crossley, and Joyce 2013).
To detect any changes in business cycles coin-
ciding with the period of rapid technology adop-
tion after 1985, we interact all variables with a
dummy indicating this later period.

As column 1 of shows, employment
growth in the two years after the trough of a
recession was negative (relative to the excluded
category of expansions) from 1970-1985.
After 1985, employment recoveries were not
significantly slower than in the previous years,
although the point estimates in this later period
were a little lower. But to put these point esti-
mates in context, the next column of Table 1
shows that GDP recovery was also slower in
the post-1985 period, especially in the first year
of the recovery. Relative to GDP growth, there
is little to suggest that employment growth in
recent recoveries in the developed world has
been particularly weak.

Next, we examine the differential behavior
of routine-intensive industries over the business
cycle. We are motivated by a large literature
documenting that routine-intensive jobs have
been more exposed to technological change.f
The focus on routine-intensive industries is also
in the spirit of Jaimovich and Siu (2014).

To examine whether industries that are more
intensive in routine tasks display a different pat-
tern of recovery from recessions, we estimate
regressions of the form

(2) Alog Yy, = d~yy + RTL X d/;, + Xjo3
+ 1{r > 1986} x d,~,
+ 1{r > 1986} x RTI; x d.;~s
+ 1{t > 1986} X Xj.N¢ + Viess

where the data are year-on-year changes at the
country-industry level. The variable RTI; is
routine intensity in industry i, standardized to
have zero mean and unit variance. The matrix
X;. contains country and industry dummies./ We

6See Acemoglu and Autor (2011) for an overview, and
more detailed references in the WPV.

7In the WPV we also report results from specifications
that omit industry dummies and include the non-interacted
routine index instead. They are quantitatively very similar to
our baseline results.

MAY 2017

continue to cluster standard errors at the country
level. We weight all industry-level regressions
by the within-country employment share of
each country-industry, averaged over time.
Weights sum up to one within countries, so that
each country receives equal weight, as in our
country-level regressions above.

Column 3 of Table 1 contains our main
result. Employment recovered more slowly in
routine-intensive industries already during the
early period, and there is no statistically signifi-
cant change in this relationship after 1985. The
same is true for value added, as seen in column
4 of Table 1.7

Columns 5 and 6 of Table 1 show estimates
of the same regressions as in columns 3 and 4,
but this time only for the United States. These
results show a picture that is broadly consistent
with Jaimovich and Siu (2014): in the United
States, employment and value-added growth
were slower in recent recessions, and even
more so in routine-intensive industries. In other
words, the phenomenon of “jobless recoveries”
as observed in the United States could be related
to technological change—but, as the results in
the previous columns show, the same conclusion
does not apply outside the United States.

We conduct a series of robustness checks,
which we document in the WPV. These checks
include adding year fixed effects to the regres-
sions, estimating unweighted regressions, and
using EUKLEMS instead of WIOD for the years
when they overlap. In all cases the basic picture
outlined above remains unchanged, and there is
little evidence that routine-intensive industries
experienced more-jobless recoveries after 1985.

While our main specifications follow the lit-
erature in using industries’ routine intensity as
a measure of exposure to technological change,
we also consider an alternative and more direct
measure of technology adoption, namely, the
share of ICT in total capital (measured in 1995).
The results, contained in the WPV, show a sim-
ilar pattern to the one reported above, although
there is some evidence that in recent recessions
employment in ICT-intensive industries grew
more slowly during the first year of recovery
(but not in the second year of recovery). Again,

8 For some observations we have data on hours but not
on value added. We show in the WPV that results for hours
are unchanged if we restrict the sample to observations with
non-missing value added.
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TABLE 1—GROWTH IN HOURS AND OUTPUT OVER THE BUSINESS CYCLE, BY PERIOD AND ROUTINE INTENSITY

Countries Industries Industries, United States

H GDP H VA H VA

(1) ®) 4) ) (6)

1{recession} —1.78 —3.46 —1.74 —3.38 —4.07 —6.80
(0.33) (0.41) (0.28) (0.46) (0.96) (1.85)

1{recovery 1} —1.95 —1.74 —2.00 —1.59 —2.80 —2.01
(0.35) (0.34) (0.38) (0.35) (0.51) (0.97)

1{recovery 2} —0.49 —0.46 —0.58 -0.77 —0.17 0.62
(0.21) (0.36) (0.25) (0.34) (0.45) (0.97)

RTI x 1{recession} —0.72 —0.97 —0.50 —0.32
(0.13) (0.22) (1.00) (1.96)

RTI x 1{recovery 1} —0.57 —1.43 0.66 1.65
(0.15) (0.54) (0.43) (1.24)

RTI x 1{recovery 2} —0.10 —0.38 0.47 —0.84
(0.20) (0.45) (0.43) (1.09)

1{recession} x 1{r > 1986} —0.50 -0.43 —0.65 -0.23 2.02 4.74
(0.48) (0.51) (0.47) (0.56) (0.55) (1.30)

1{recovery 1} x 1{t > 1986} ~0.29 ~1.09 —0.44 —1.44 —141 —1.74
(0.57) (0.43) (0.58) (0.44) (0.86) (1.14)

1{recovery 2} x 1{r > 1986} —047 —0.24 —0.24 —0.22 —221 ~0.85
(0.43) (0.35) (0.53) (0.38) (0.98) (0.95)

RTI x 1{recession} x 1{r > 1986} 0.20 -0.39 —0.93 —1.16
(0.22) (0.33) (0.65) (1.56)

RTI x 1{recovery 1} x 1{r > 1986} —0.27 025 —2.01 ~3.15
(0.30) (0.54) (0.77) (1.96)

RTI x 1{recovery 2} x 1{r > 1986} 0.19 0.12 —0.66 —0.59
(0.31) (0.63) (0.92) (0.72)

Observations 690 690 19,320 18,284 952 896

Notes: Indicators for recession, recovery 1, and recovery 2 equal one if a given year features a recession, follows a recession
year, or comes two years after a recession year, respectively. Columns 1 and 2 report results from country-level regressions,
while all other columns contain results from industry-level regressions. Column headings H, GDP, and VA refer to hours
worked, gross domestic product, and value added, respectively. The dependent variables are annual changes in the log of these
variables, multiplied by 100 so that coefficients are in log points. Here, RT7 refers to an index for routine intensity, which is
standardized to have zero mean and unit variance. Regressions in columns 1—4 control for country fixed effects, and in columns
3-6, for industry-fixed effects. All fixed effects are allowed to vary between pre- and post-period. Robust standard errors, clus-
tered by country (by industry in the last two columns), in parentheses.

results for the United States when using a direct
measure of ICT adoption, are more consistent
with Jaimovich and Siu (2014) than results for
the whole sample.

In the WPV we also examine industries that
were more exposed to robotization, because
their (pre-robotization) employment was more
concentrated in occupations that robots could
eventually replace (Graetz and Michaels 2015).
We show that these industries did not experience
deeper recessions and slower recoveries after
1985.

To shed more light on the differences in our
results between the United States and other

developed countries, we also investigate whether
the relationship between long-run employment
growth and industries’ routine intensity differs
between countries. We document in the WPV
that routine intensity was associated with faster
employment growth across all countries during
1970-1985. Afterward, routine-intensive indus-
tries experienced slower employment growth in
the United States, but not in other countries. If
technology was responsible for jobless recover-
ies, we would expect that countries experiencing
a larger degree of routine-biased technological
change, as measured by long-run employment
declines associated with routine intensity after



172 AEA PAPERS AND PROCEEDINGS

1985, should also feature increasingly slow
recoveries in routine-intensive industries after
1985. However, we show in the WPV that there
is no such relationship in our data.

Lastly, we examine whether recoveries from
recessions have become particularly bad for the
employment of middle-skill workers, whose
jobs are more intensive in routine tasks than
those of other skill groups (Michaels, Natraj,
and Van Reenen 2014). Detailed results from
these exercises are reported in the WPV. We
first estimate specification (1) separately for
high-skill, middle-skill, and low-skill workers
and find some suggestive evidence that after
1985 recessions became worse for middle-skill
workers. But there is no evidence that employ-
ment changes during recoveries increasingly
work against middle-skill workers in partic-
ular. We then consider the possibility that in
routine-intensive industries recoveries worked
against middle-skill workers, estimating spec-
ification (2) using each group’s employment
change as outcomes. Again the results show
no evidence of a worsening in the employ-
ment prospects of middle-skill workers in
routine-intensive industries in more recent
recessions.”

III. Discussion

The main conclusion of our paper is that in
developed countries outside the United States,
modern technologies are unlikely to be causing
jobless recoveries. This conclusion stems from
our findings that in most developed countries,
recent recoveries are not particularly jobless;
that recent recoveries have not become more
jobless in routine-intensive industries, which
are more prone to technological change; and
that middle-skilled workers are not being dif-
ferentially hurt during recent recoveries—both
in general and specifically in routine-intensive
industries.

Our results do, however, pose a puzzle as
to the nature of recent jobless recoveries in
the United States. There are two (and perhaps
more) possible explanations. The first builds on
our finding that across industries in the United

9Even when we examine these results separately for
the United States there is still no evidence that middle-skill
employment suffered disproportionately in routine-intensive
industries in recent recessions.
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States, technological change is associated with
the recent joblessness of recoveries, consistent
with Jaimovich and Siu (2014).'9 Although sec-
ular changes in occupational employment, likely
driven by technology, have been very similar
across the United States and other developed
countries, there are aspects of technology adop-
tion that differ—see for instance Bloom, Sadun,
and Van Reenen (2012). Perhaps such differences
could explain the absence of jobless recoveries
outside the United States. The second possible
explanation appeals to US-specific policy and
institutional changes. For instance, Mitman and
Rabinovich (2014), show that unemployment
benefit extensions, which increase workers’ res-
ervation wages, may slow down employment
growth during recoveries. Berger (2016) pro-
poses that the substitution of workers during
recessions and recoveries may have become
more pronounced in recent decades because
of the decline of unions. Establishing the rela-
tive merits of the technology- and policy-based
explanations for jobless recoveries in the United
States, is a task for future research.
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