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Abstract

In the years since the Great Recession, many observers have highlighted the slow pace of labor
and total factor productivity (TFP) growth in advanced economies. This paper focuses on the
European experience, where we highlight that trend TFP growth was already low in the runup to
the Global Financial Crisis (GFC). This suggests that it is important to consider factors other
than just the deep crisis itself or policy changes since the crisis. After the mid-1990s, European
economies stopped converging, or even began diverging, from the U.S. level of TFP. That said,
in contrast to the United States, there is some macroeconomic evidence for some northern
European countries that the GFC had a further adverse impact on TFP growth. Still, the
challenges for economic policy look surprisingly similar to the ones discussed prior to the Great
Recession, even if the policy implications seem less clear.
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1. Introduction

Across advanced economies, the recovery from the Great Recession was disappointingly slow.
Initially, observers pointed primarily to temporary disruptions and dislocations from the crisis
itself. But as the recovery continued, GDP growth remained subdued. Well before the massive
2020 health and economic shock from COVID-19, there was an increasing recognition that trend
output growth rates were slow. For Europe as well as the United States, the “surprise,” relative to
expectations from the pre-2007 period, has been in labor productivity. After all, the demographics
of an aging population were largely foreseen.!

We survey the European productivity experience from a macroeconomic perspective. We argue
that the slow trend is not simply the “long shadow” (Fatés, 2000) cast by the Global Financial
Crisis (GFC)—as disruptive as that event was. Indeed, both labor and total factor productivity
(TFP) were slowing prior to the GFC. Statistical break tests on TFP growth do provide some
tentative evidence of a post-2007 break for at least some northern European economies. But even
if the GFC did lead to some further decline in trend TFP growth, that growth rate was already
relatively modest.

Figure 1 illustrates the slowing TFP trend. The data are a weighted average of TFP growth for the
15 pre-2004 European Union countries from the Penn World Tables (PWT, Feenstra et al., 2015).
TFP growth has been slowing since the 1960s. Of course, much of that slowdown was benign,
reflecting the end of the convergence “boost” that Europe received after World War II. But, as we
discuss, the further slowdown since the 1990s reflects a different pattern. Some countries have
been falling rapidly away from the frontier (notably Spain and Italy). In Northern Europe, countries
stopped converging short of U.S. levels, or have even (depending on the dataset) drifted gradually
down relative to the United States.?

Figure 1 shows two estimated trend lines from a biweight filter. This filter is close to a 12-year
centered moving average that becomes increasingly one-sided at the end points. The red-dashed
line uses data through 2017. The full-sample TFP trend falls to near zero growth by 2005 and
remains there. Of course, the pre-2007 values of the full-sample filter are pulled down by the sharp
negative growth that subsequently occurred in 2008 and 2009. For this reason, the maroon-dashed
line is estimated using data through 2007 only. That quasi-real-time trend line lies above the

! For major European economies, which is our focus, labor-force growth from 2010-2019 has actually exceeded the
(slow) projections by the European Commission (Carone et al., 2006), reflecting increases in labor-force participation
(Gros, 2019). But labor productivity has fallen short of 2006 projections.

2 Cette et al. (2016) found, using data from Bergeaud et al. (2016), that total economy TFP levels in major European
countries were similar to U.S. levels by the mid-1990s, but subsequently lost ground relative to U.S. levels. PWT,
Conference Board (2019), and OECD data also show that TFP growth in most European countries fell short of the
U.S. pace from 1995-2007. In contrast, in market-sector EU KLEMS (2017) data that we use for some of our analysis
below, TFP growth in Northern Europe was very close to the U.S. pace from 1995-2007. In any case, we find that the
level of market-sector TFP for major European economies was uniformly below the U.S. level after the early 1990s.
Even in EU KLEMS, northern European countries lost ground relative to the U.S. over the full 1995-2015 period.



estimated full-sample trend after the late 1990s. But it nevertheless stood at only 0.4 percent per
year on the eve of the 2007-9 Great Recession, down from 0.9 percent in the early 1990s.

Indeed, before the recession, a large literature addressed the puzzle that Europe had seen a mid-
1990s productivity slowdown even as the U.S. had seen a pickup. Timmer, et al., (2010) reviewed
the pre-GFC debate. They concluded that European economies had not fully adapted to a
knowledge-based economy, in terms of flexibility, skills, management, and such. Cette et al.
(2016), similarly emphasize the pre-GFC origins of slowing TFP growth in Europe.

For most of the paper, we focus on TFP growth, which adjusts for observable capital growth as
well as the educational qualifications of the workforce. The reason is that the source of weak labor
productivity growth has been the anemic pace of TFP growth. We find that weak capital
formation—investment in plant, equipment, software, and the like—has played at most a small
direct role. Capital-output ratios, in particular, do not look low relative to pre-recession trends.

In the United States, the leading hypothesis for the disappointing output recovery after the Great
Recession is that the deep recession was superimposed on a sharply slowing output growth trend.
That slow trend, in turn, was largely independent of the Great Recession itself (Fernald et al.,
2017). The mid-1990s productivity boom ended several years prior to the Great Recession
(Fernald, 2014; Fernald et al., 2017). For example, quarterly TFP growth from the end of 2004
through 2007 was slower than it was from the end of 2007 through 2019. In addition, the U.S.
slowdown was observed before the recession, and professional forecasters were already at least
partially accounting for it (Fernald et al., 2017). Information and communications technology
(ICT) had provided an exceptional boost to trend TFP growth in the mid-1990s and early 2000s.
The waning trend plausibly reflected a pause in (if not the end of) those exceptional gains.

Consistent with this view, Bloom et al. (2020) argue that “ideas are getting harder to find” (Bloom
et al., 2020). Closely related, Aghion et al. (2019) and de Ridder (2020) provide endogenous-
growth models in which the initial gains from ICT eventually lead to reduced innovation
throughout the economy as well as reduced dynamism. For the United States, the best guess at this
point is thus that trend growth remains low (Fernald and Li, 2019).°

We view Europe’s experience as broadly consistent with the same narrative. The unusually deep
and long recession was superimposed on a slowing productivity trend. Unlike the U.S. case,
though, there is some evidence that the GFC might have led to a further decline in TFP growth in

® There are complementary stories that emphasize regulation. For example, Fernandez-Villaverde and Ohanian (2018)
argue that regulation and a lack of competition have led to weak growth in Europe as well as the United States. That
said, Fernald et al. (2017) find no quantitative evidence that regulatory changes have a first-order impact on U.S. TFP
growth. Philippon (2019) argues that Europe is now more competitive than the United States.



some countries. But even in Europe, pre-2007 trend growth was slower than in the late 1990s, let
alone the late 1980s.*

Conceptually, Europe’s TFP trend reflects not only the U.S. trend, but also “distance to the
frontier.” Many countries in Europe have either remained short of the frontier—as we find here—
or else fell further behind the frontier. From a conditional convergence perspective, it remains
unclear where to pin a new steady state for many European economies relative to the United
States—and indeed, one challenge is to characterize the disparate pattern across European
economies. While Northern European countries have modestly lost ground relative to the United
States, Southern European countries have lost considerable ground since the 1990s. There is little
evidence that countries in Europe are closing the gap with the United States.’

The primary alternative to our ‘slowing underlying trend’ view is the hypothesis that the
productivity slowdown was, in fact, primarily a result of the GFC. There is no question that the
crisis was a traumatic and disruptive event across advanced economies. Fatds and Summers (2018)
find a permanent effect of the crisis on potential output in many or most countries. There are many
channels through which such hysteresis could work, with TFP being one of them.® A superficial
look at the data does suggest reasons for focusing on TFP effects: Major European economies have
had very weak (if not negative) average TFP growth since 2007.7 Drawing direct conclusions based
on these weak growth rates is hard, however, because recessions often lead to a decline in
measured TFP growth. Factor utilization (labor effort and capital’s workweek) tends to fall in
recessions but is not directly observed in the standard input measures.

But a deep recession could have persistent, adverse effects on TFP growth (e.g., Adler et al, 2017).
Possible channels include reduced incentives to innovate (e.g., Bianchi et al., 2018; Anzoategui et
al., 2019; Garga and Singh, 2020); increased misallocation of resources in some economies (e.g.,

4 Fernald (2018) provides an earlier view on this topic, discussing evidence for the United States and other advanced
economies. The conclusion in that paper also emphasized the pre-GFC productivity growth slowdown. In contrast to
the current paper, it played down the role of the GFC itself.

5 See also Gordon and Sayed (2019). They argue that Europe has been catching up to the United States in stages. They
note that the “early to late” slowdown in labor productivity growth was similar in western Europe and the United
States—but the “early” U.S. period was pre-1973, whereas the early European period was 1972-95.

® Qulton and Sebastia-Barriel (2017) survey the literature and provide estimates of several of the channels.
Conceptually, hysteresis in output growth reflects either hysteresis in labor input, or hysteresis in labor productivity.
On the labor side, workers who spend an extended period unemployed may well lose labor-market skills; because they
are harder to employ, the natural rate of unemployment rises. Workers may also lose attachment to the labor market
and move out of the labor force. In term of labor productivity, we discuss capital deepening and TFP below.

7 In the Conference Board’s (2019) Total Economy Database, aggregate TFP growth in virtually all European
economies was zero or negative in the 2007-2018 period (exceptions were Germany, Iceland, Ireland, and Malta). In
the EU KLEMS 2017 market economy from 2007-2015, TFP growth in all countries other than Belgium was negative
(see Figure 4). In the PWT from 2007-2017, for the same set of countries, only Germany had positive TFP growth. In
OECD data for 2007-2018, most European countries show growth rates close to zero (ranging from —0.1% per year
to +0.1% per year), with the exceptions of Denmark (+0.5%), Germany (+0.5%), Ireland (+1%), Italy (-0.3%),
Luxembourg (-0.8%) and Greece (—1.9%).



Gopinath et al. 2017); or increased credit frictions that further reduce investment in intangibles
such as R&D, organization capital, and training (e.g., Duval et al., 2017).

But even if these factors are important, the evidence from Figure 1 and later sections of this paper
suggest that any effects of the GFC were on top of an already-slowing TFP trend. This is
particularly true relative to the United States, where the pre-recession timing of the TFP slowdown
is well established. At a minimum, these facts suggest limits to some popular stories in which the
Great Recession caused the slow pace of productivity growth.

This paper is structured as follows. Section 2 documents some key facts that inform the debate.
We focus especially on TFP growth because, as we discuss, we do not see weak capital formation
as an important independent channel for explaining weak growth in labor productivity. Section 3
examines break tests on TFP growth. We find some evidence for some countries pointing to a
structural break after 2007, but this partly depends on the dataset and level of aggregation. Section
4 looks at cyclical aspects of TFP dynamics. It is challenging, in the European context, to control
for cyclical effects directly because of the heterogeneity in institutions and the lack of suitable
proxies for cyclical mismeasurement. Cyclical mismeasurement issues might still affect the EU
KLEMS numbers we use through 2015, but they had plausibly run their course by the end of the
PWT sample in 2017. Section 5 draws upon the literature and discusses evidence on various
additional issues that could affect how we interpret the TFP growth slowdown, including vintage
capital models, demographics, market power, and intangible capital. Section 6 discusses how to
interpret the facts and draws some lessons for the future.

2. Key facts and conceptual framework

This section starts by motivating our focus on TFP growth. Weak TFP growth is the key to
understanding weak labor productivity growth across Europe. Specifically, we find that a shortfall
of capital formation was not an important independent contributor to weak labor productivity
growth. We then highlight some of the differences in TFP levels and growth rates across countries
and discuss how the trends fit into a framework of conditional convergence.

The takeaways are that TFP is the right place to look for understanding weak labor productivity
growth in Europe; that the pace was slowing and heterogeneity across countries was rising even
before the Great Recession; and that stories that focus on particular sectors in particular countries
(e.g., construction in Spain) won’t explain the broad-based slow pace of TFP growth.

A. Accounting for European labor productivity: TFP and capital deepening

Table 1 shows two complementary growth-accounting decompositions since 1985 for the PWT
and EU KLEMS datasets. In both cases, the accounting covers a European aggregate. PWT covers
the entire economy, whereas EU KLEMS (which merges the 2012 and 2017 vintages) shows the



market sector.® EU KLEMS covers Austria, Finland, France, Germany, Italy, the Netherlands,
Spain, the United Kingdom for a sufficiently long period. PWT has more data availability,
covering all 15 countries that were members of the European Union prior to 2004—which adds
Belgium, Denmark, Greece, Ireland, Portugal, and Sweden. Within each dataset, output, capital,
hours, TFP, and labor composition are appropriate PPP-adjusted Tornquist aggregates.

Line 1 of each panel in the table shows that, broadly speaking, labor productivity growth has fallen
steadily over time. For example, in PWT, labor productivity grew 2.5 percent per year in the 1985—
1995 period, 1.5 percent in the 1995-2007 period, and only 0.7 percent in the 2007—17 period.

Looking at shorter subperiods in columns 4 to 7, the exception to the steady decline is that labor
productivity growth was particularly weak in the 2007-11 period and rebounded somewhat in the
2011-17 period. That period runs from one euro-area business-cycle peak to another. But the
rebound from the deep 2008—9 recession was incomplete by 2011. So cyclical influences on
productivity were still pronounced over this subperiod, a topic we return to in Section 4.

The table then shows two complementary growth-accounting decompositions of labor
productivity. Both decompositions start with the basic growth-accounting identity that implicitly
defines TFP growth, AInTFP,:

In this equation, 4 InY; is output growth, 4 In K, is capital growth, 4 In H, is hours growth, and
Aln LC; is labor composition growth. a; is the nominal share of payments to capital in revenue
(which, in practice, we take to be the average in years t — 1 and t), and (1 — «) is labor’s share.
We assume the factor shares sum to one.’

Rearranging equation (1) yields our first decomposition, shown in lines 2 to 4 of Table 1:

8 The main takeaways are robust across these and other datasets shown in the data appendix. The additional datasets
are the Conference Board’s Total Economy Database (TED) and the OECD. The data appendix also shows data from
the 2019 vintage of EU KLEMS (Stehrer, 2019). The 2019 vintage starts in 1995 but appears inconsistent with the
2012 vintage, so it is not appropriate to merge them. More concerningly, the capital data in the ‘statistical database’
of the 2019 vintage (which, like other sources, includes only national accounting intangibles), is quite different from
other sources—growing more slowly throughout the period since 1995. Pending further analysis of the sources of the
differences, we have chosen to include the 2019 vintage in the data appendix but not the main text. For the 2012 and
2017 versions of the EU KLEMS database, see www.euklems.net. For the 2019 version, see www.cuklems.eu.

¥ Under standard conditions of constant returns to scale, perfect competition, and perfect factor mobility (Solow,
1957), TFP growth defined by this equation represents the outward shift in society’s production possibilities frontier
from technological change. A large literature has explored the interpretation of TFP growth when these conditions fail
(e.g., Basu and Fernald, 2002; Oulton, 2016). For our purposes, we simply take equation (1) as implicitly defining
aggregate TFP growth as the part of aggregate output growth that is not explained by revenue-share-weighted growth
in capital and labor inputs.



The first term captures the contribution of changes in the ratio of capital to hours. Intuitively,
workers have more “tools” to work with, they will be more productive per hour worked. The
second term is the direct contribution of changes in labor composition. This term captures
changes in the educational qualifications of the labor force; for example, workers with more
education or experience are typically more productive. The third term is standard TFP growth.

With this first decomposition, the vast majority of the slowdown in labor productivity after 2007
occurs through slower TFP growth (line 4). Looking at the PWT data, TFP growth falls from 0.95
percent per year from 1985-95 (column 1) to 0.47 percent from 1995-2007, to —0.12 percent per
year from 2007-2017 (column 3). The sharp slowdown in TFP growth is also apparent in the EU
KLEMS market sector—where TFP growth slows almost a percentage point (from +0.65 percent
to -0.30 percent). In EU KLEMS, capital deepening slows somewhat more than in PWT after 2007
(where the contribution in line 2 falls about 0.2 percentage points). But in both cases, after 2007,
slower growth in capital deepening (line 2) is only a modest to moderate contributor to the labor
productivity slowdown. A slowdown in labor composition growth (line 3) contributes even less to
the slowdown. Indeed, in EU KLEMS, labor composition grows more quickly after 2007.

This decomposition arguably overstates the contribution of capital deepening to the labor-
productivity slowdown because of the endogeneity of capital. For example, in the Solow (1956)
growth model, all growth in output per hour comes from TFP growth. But equation (2)—which
closely follows Solow (1957)—would attribute some of that growth to increases in capital per
hour. Perhaps more relevant for interpreting Table 1, in neoclassical growth models, a slowdown
in trend TFP growth naturally leads to slower growth in capital per hour.!°

Fernald et al (FHSW, 2017) suggest using a complementary decomposition of labor productivity
in terms of the capital-output ratio. This approach (partially) adjusts for the endogeneity of
capital. In particular, a rearrangement of the above equations yields the following:

a; AlInTFP,

3)

This expression is useful because, even though capital formation is endogenous, in many models
the capital-output ratio is stationary in steady state (through possibly with a trend, if there are
trends in the relative price of investment goods). Slower growth in technology and labor
naturally lead to a lower path for both capital and output—but, in neoclassical models, will not
show up as a decline in the capital-output ratio. Thus, the capital-output ratio can help diagnose
whether there are special influences that reduced capital relative to output. Such influences could

19Tn the Solow (1956) model, for example, steady-state capital per hour grows at the rate of labor-augmenting technical
progress, which in turn equals TFP growth divided by labor’s share. So slower growth in TFP leads to slower growth
in capital per worker; this is true in the transition as well as in steady state. Oulton (2019) suggests a model in which
the post-2007 world saw output growth constrained by demand for exports. In this “bad regime,” the neoclassical
relationships do not hold (even though the production structure of the model is neoclassical). But in that bad regime,
the capital-output ratio would fall, unlike what we find in the data.



reflect, say, unusual credit constraints or heightened uncertainty that reduce investment (and,
over time, capital) more than you would expect just from a weaker/slower-growing economy.

In both the PWT and EU KLEMS, the contribution of the capital-output ratio (row 5) is not notably
lower in the post-2007 period (column 3) than in the preceding period. This is particularly the case
in the PWT, where the contribution rose more than %4 pp per year since 2007 relative to the 1995—
2007 period. In other words, faster growth in the capital-output ratio added positively to labor
productivity growth, even as labor productivity growth slowed.

What this implies is that the reduced contribution of TFP (row 7) more than explains the slowdown
in labor productivity growth. Note that the TFP contribution in row 7 is AInTFP,/(1 — a;),
which expresses technology growth in labor-augmented form. By dividing by labor’s share of
income, it exceeds the direct effect of TFP growth from row 4. The economic effect this captures,
in neoclassical models, is the induced capital growth that results from TFP growth.

Figure 2 makes our argument visually. Figure 2A plots the capital-output ratio in the PWT data
for the EU-15, with selected years (1995, 2007, 2010, and 2017) shown for the five largest
European economies. For visual clarity, the plot is in levels (the integral of the term in equation
1), normalized to 2007 = 1. The European capital-output ratio has an upward trend, consistent with
positive investment-specific technical change. But since 2007, the European capital-output ratio
lies above any reasonable extrapolation of the 1995-2007 trend. That is, there is no broad-based
shortfall in capital relative to output.

The labeled points show that major economies other than Germany have the same general pattern.
In France, the United Kingdom, Italy, and Spain, the 2017 capital-output ratio lies above its pre-
recession trend (which, for all countries other than the UK., was upward). Germany had an upward
trend from 1995 to 2007, but (after a recession-induced increase to 2010) has fallen short of its
2007 level, or its pre-recession trend.

That capital deepening explains little or none of the European productivity slowdown may seem
surprising. It is “conventional wisdom” that investment in many countries fell sharply after 2007
and has been slow to recover. Figure 2B shows the nominal ratio of gross investment to output,
aggregated over the 15 original EU countries. The ratio has fallen steadily since the 1980s. More
relevantly, it fell about three percentage points further from 2007 to 2013—from 22 percent to 19
percent—following the GFC.

But, despite the lower rate of gross investment, net investment (gross investment less depreciation)
remained positive. So, capital—both the stock and (more relevantly for the growth-accounting)
the service flow—continued to grow. As one would expect, lower gross and net investment did
lead to slower growth in capital after 2007. In the EU-15, capital services growth slowed from 2.5
percent per year from 2000-2007 to only 1.4 percent from 2007—2017. But output slowed slightly
more, from 2.1 percent to only 0.7 percent. Thus, despite the decline in the investment rate, the
capital-output ratio rose slightly faster in the 2007-2017 period relative to the 2000-2007 period.



One notable feature of the data is that the capital-output ratio is strongly countercyclical (rising in
recessions). In Figure 2A, this shows up in the temporary increase from 2007 to 2010. Output fell
but capital did not decline (in part because we do not observe the utilization of the capital stock).!!
Returning to Table 1, it shows up as a sharp rise in the contribution of the capital-output ratio in
the 2007—11 period (row 5, column 6). The contribution then barely grows in the subsequent period
(from 2011 to 2015 for EU KLEMS, or 2011 to 2017 in PWT). Some observers have focused on
the post-2010 period, both in Europe and the United States, to argue that subdued capital formation
was behind weak labor productivity growth. In a narrow sense, it is true that capital deepening
added less than earlier (and it also true with the first decomposition, which focuses on the capital-
per-hour contribution in line 2).

But the figure makes clear that this is a cyclical effect. Capital deepening naturally added more, in
an accounting sense, during the recession itself. But, intuitively speaking, firms came out of the
recession with spare capacity (i.e., capital) relative to demand or relative to labor. Over time, they
have brought capital back into line with demand and labor—which meant, for a time, having less
capital deepening. Our preference is to look at the entire period from 2007 on—as shown in column
(3) of the table, or in Figure 2—where it is clear that a shortfall of capital deepening was not an
important reason for the shortfall in labor productivity growth.

Thus, neither Table 1 nor Figure 2 suggest that a shortfall in capital formation is a major additional
contributor to weak labor productivity growth as of 2017. For this reason, in what follows, we
continue to focus on TFP.!?

B. TFP growth across countries and industry groups

Figure 1 showed the long downward trend in European TFP growth. The long-term slowing trend
in reflects several forces. One is the end of post-war economic convergence. By most accounts,
convergence had run its course by the mid-1990s, if not earlier (see Timmer et al, 2010). A second,
and potentially more worrying, force for some countries is a deterioration relative to the U.S.
frontier following the U.S. ICT boom of the mid-1990s. This renewed divergence was the focus
of considerable literature (see, for example, Timmer et al., 2010, and Cette et al., 2016).

Figure 3 provides a perspective on the levels and trends. It shows TFP levels from 1985 to 2015
for the market economy in selected regions, combining data on growth rates from EU KLEMS
(2012 and 2017) with TFP-levels estimates from Inklaar and Timmer (2009). The market sector

aggregates across all industries excluding real estate (industry code L); public administration and

! Fernald et al. (2017) adjust for this countercyclicality using the U.S. unemployment rate, which is approximately
stationary. In Europe, the unemployment rate is less obviously stationary—the natural rate of unemployment changes
over time—so it is harder to separate the cycle from the trend.

12 As noted, the cyclical dynamics of capital deepening will add additional cyclical dynamics to labor productivity,
above any cyclical dynamics in TFP. Specifically, this suggests a reason not to focus narrowly on labor productivity
growth after 2011, when capital-output ratios were returning to steady state from cyclically-elevated levels.



defense (O); education (P); health and social work (Q); and activities of households (T). In these
data, the U.S. economy is always at the overall frontier, as shown by the blue solid line at the top
of the figure. The data are normalized so that the U.S. market-sector TFP level is 1 in 1995.13

In the EU KLEMS data, U.S. market-sector TFP growth from 1995 to 2005 averaged 1.2 percent
per year but slowed to under 0.2 percent thereafter. Fernald (2014b) analyzed a range of U.S.
(quarterly) productivity series. Depending on the series, he found statistically significant break
dates for the productivity slowdown that ranged from 2003:Q4 to 2006:Q1. When using the
unemployment rate as a cyclical control, Fernald et al (2017) find a statistically significant break
in TFP growth in 2006:Q1; if growth is modeled as having smoother changes in trend, rather than
discrete breaks, the slowdown was even earlier.!* In all cases, the U.S. slowdown took place
several years before the Great Recession began.

The red solid line in the figure shows the (PPP) GDP-weighted average market-sector TFP level
for six northern European economies, with the shaded region showing the range across these
economies. In these data, the dominant feature is that all of the levels lie below the U.S. frontier
after the early 1990s. In other words, with the Inklaar-Timmer (2009) estimates of TFP levels, no
major European country has achieved the U.S. level of market-sector productivity.

For the “typical” (weighted-average) northern European country, the solid red line shows a very
modest decline relative to the U.S. level. Northern Europe lost ground from about 1995 to 2005
by about 2 percent per year—driven especially by strong growth of U.S. TFP. But in 2006 and
2007, TFP in northern Europe surged, undoing the 1995-2007 relative decline. Thus, averaging
over the entire 1995-2007 period, TFP growth in these data was essentially identical in the United
States and northern Europe. (As footnote 2 notes, other datasets show Europe—even northern
Europe—falling short of U.S. growth rates in the 1995-2007 period.)

But Northern Europe stepped down sharply during 2008-9, and that step-down did not reverse.
Instead, after 2009, the pace of growth in both the United States and northern Europe was similarly
low. The further bad news for northern Europe is that the level of TFP has remained stuck
noticeably below U.S. levels.

Of course, the European experience has been heterogeneous, both in levels and in growth rates—
even within “northern Europe.” One outlier, in levels, is Austria, which looks like northern Europe

13 Comparing productivity levels is even more challenging than measuring growth over time, especially at the industry
level, where comparative price data is much sparser. The current combination of sources is chosen, because the
changes in relative levels over time are (by construction) consistent with the EU KLEMS growth data. Enforcing this
consistency is not necessary when comparing productivity levels at different points over time is the main goal, as
discussed in Inklaar and Diewert (2016). But relying on the Inklaar and Diewert (2016) results shows a broadly similar
evolution of relative levels as in Figure 3.

14 The Fernald et al (2017) analysis uses quarterly business-sector TFP data from Fernald (2014a). The TFP slowdown
in that dataset is from 1.8 percent per year from 1995:Q4-2004:Q4 to 0.4 percent from 2004:Q4 through 2018:Q1—
somewhat sharper than in EU KLEMS.
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in terms of growth rates but, in these data, has a much lower level of TFP. But the more noticeable
outliers, in both levels and growth rates, were in southern Europe (the green shaded region).'?

In levels, southern Europe in the early 1990s started off close to northern Europe, as shown by the
overlap of the shaded regions. But TFP growth in Italy and Spain was sharply negative over this
period, dragging down the level relative to the north, or relative to the United States. A sizeable
body of research argues that growing misallocation, possibly associated with capital flows that
came with the introduction of the euro, has dragged down productivity growth in Italy, Spain, and
elsewhere. In this view, it’s not that knowledge was “forgotten” in some sense but, rather, that
resources were allocated increasingly to less-productive firms. Indeed, some high productivity
producers might not be able to produce at all, because of barriers to entry.!'®

Even within Europe, the cross-sectional standard deviation of (log) TFP levels (derived from
Figure 3) has risen since the early 2000s. Within Northern-European countries, the standard
deviation steadily decreased from 0.16 in 1985 to 0.05 in 2003, before increasing to 0.08 by 2015.
Across all European countries in the figure, the standard deviation fell from 0.17 in 1985 to a low
0f 0.09 in 2001 before rising to 0.13 in 2015. While the slowdown at the frontier of growth might
affect everyone, some European countries have maintained ground relative to the U.S. frontier,
whereas other countries have lost ground. No major European country, according to these data,
has achieved that frontier. The slow trend in Europe is thus not just a story of slowing frontier
growth—there is still room for country-specific factors that explain why European countries have
stayed inside the frontier. Note that the dispersion between European countries started to increase
well before 2007.

Figure 4 provides another perspective on the cross-country heterogeneity by using EU KLEMS
data to decompose market economy TFP growth into the percentage-point contributions by several
industry group. The height of the bars in each panel shows average TFP growth for 11 European
countries as well as the United States, ordered from slowest growth to fastest growth for each time
period. The left panel shows growth from 1995 to 2007; the right panel shows growth from 2005
to 2017. Market-sector TFP growth is decomposed into five broad groupings of industries: ICT
production, non-ICT manufacturing, market services, “bubble sectors” of finance and
construction, and everything else (agriculture, mining, and utilities).

For the 1995-2007 period, the contribution of TFP growth in market services (such as wholesale
and retail trade) was a key distinguisher between strong- and weak-productivity-growth countries.
This is essentially the “original EU KLEMS story” of Timmer et al (2010). In Spain and Italy, the
contribution of market services was particularly negative, dragging overall TFP growth to be
negative. This is the case even though many observers point to the shift towards low-productivity

15 Denmark is omitted from this figure, since it was not included in the EU KLEMS 2012 data and, thus, are only
available from 1995 onwards.

16 See, for example, Garcia-Santana et al (2020) and Gopinath et al (2017). Restuccia and Rogerson (2017) provide a
general survey of misallocation as an explanation for productivity differences across countries.
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construction in the case of Spain; but construction (together with finance) was only a small direct
negative contributor. In Germany, the contribution of market services was also negative, and in
France it was negligible. In contrast, countries towards the right-hand side of the figure tended to
have strong contributions from market services.

What’s the story here? Think about distribution. Walmart and Costco and similar firms were much
better than competitors at using ICT to manage their distribution systems and reorganizing their
firms to do so. They were so much more efficient and expanded rapidly while competitors closed
or downsized. Reallocation towards firms with high levels of productivity, and away from
inefficient ‘Mom and Pops’ stores, drove productivity gains (see e.g. Foster, Haltiwanger and
Krizan, 2006, for evidence for the US). In some countries, this sort of reorganization of the
distribution sector was easier than in others. These differences then show up in the bar chart.

The pre-2007 contribution of industry groupings other than market services were more
heterogeneous across countries and less consistently linked to strong versus weak overall
performance. Of course, the countries towards the right of the panel typically got more of a direct
contribution from ICT goods and services. But that contribution was positive everywhere.

From 2007-15, the industry pattern across countries is more mixed. The main feature is that overall
growth has been anemic, and often negative, with no clear smoking gun in the industry data. With
the exception of Spain and Italy—where TFP growth was marginally less negative—countries had
weaker TFP growth in the 2007-15 period than in the preceding decade. (The negative growth
rates are more pronounced by ending in 2015, which is too early to be sure of a complete rebound
from the double-dip European recession. In EU KLEMS 2019, PWT, or OECD data, the post 2015
period showed a more consistent return to positive TFP growth in most countries.)

This industry grouping was chosen primarily to illustrate how market services, the main factor in
accounting for differences in country TFP growth from the mid-1990s to the mid-2000s, is no
longer useful to understand growth differences since the Great Recession. Inklaar, Jéger,
O’Mahony and van Ark (2020) consider a range of alternative industry groupings, including
intensive ICT users and intensive users of intangible capital. They find that both the average market
economy TFP growth from 1995-2015 and the change in growth after 2005 (within this period) is
most closely matched by the growth and change in growth of ICT-intensive and intangibles-
intensive industries. This leaves unanswered why industries that intensively use ICT and
intangibles showed slower growth since 2007.

The takeaways from this section are that TFP is the right place to look for understanding weak
labor productivity growth in FEurope; that the pace was slowing, and between-country
heterogeneity in productivity growth trends was rising, even before the Great Recession; and that
stories that focus on particular sectors in particular countries (e.g., construction in Spain) won’t
explain the broad-based slow pace of TFP growth.
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3. Evidence from break tests

We use aggregate data to explore the two hypotheses of a pre-recession slowdown in trend versus
a crisis-induced break in trend. These two hypotheses are not mutually exclusive. For example,
even if the trend were slowing (as shown in Section 2), it is possible that in some or many countries,
the recession itself might then have been an important additional contributor to the slowdown in
growth. The experience could differ across countries depending on factors such as the depth of the
downturn, the sectoral composition of production, and the degree to which the financial sector was
impaired in the country.

As noted in the introduction, there is some evidence that deep recessions (financially related or
otherwise) might permanently lower the level of GDP relative to its pre-recession trend (e.g., Cerra
and Saxena, 2008, Martin et al., 2015, Blanchard et al., 2015, Fatas and Summers, 2018).

Nevertheless, there is less evidence for advanced economies that the level or growth rate of TFP
is permanently affected by recessions. For example, the 1930s Great Depression appeared to be an
extraordinarily innovative period.!” More broadly, Oulton and Sebastia-Barriel (2017) look at
growth-accounting variables following financial crises. They find that, for advanced economies,
the long-run level of TFP is typically not significantly affected. In their estimates, advanced-
economy GDP per capita is permanently lower after a financial crisis because employment per
capita is permanently lower, whereas capital per worker as well as TFP are unchanged.!®

For developing economies, or for the sample that includes all countries, Oulton and Sebastia-
Barriel (2017) do find that financial crises appear to permanently reduce both TFP and capital per
worker, as well as employment per capita. Oulton and Sebastia-Barriel’s data end in 2010, so
updated data might show more of an effect. Furceri and Mourougane (2012) discuss GDP effects
through hysteresis in labor markets or persistent effects on capital deepening if there are changes
in risk premia. They also find that impact of financial crises varies according to structural features
such as the degree of openness, macro-economic imbalances, financial deepening, and the quality
of governance. Relatedly, Jorda et al. (2020) find that monetary contractions typically have long-
lasting effects on TFP and capital deepening.

The facts from Figure 1 and Section 2—that TFP growth was already lower before the crisis in
many countries—are somewhat consistent with the view that the effects of crises on advanced

17 Field (2003) and Alexopoulos and Cohen (2009) argue that the 1930s were the single most innovative U.S. decade
of the 20" century. Gordon (2016) and Bakker et al. (2019) provide (different) updated time series estimates of U.S.
TFP growth to argue that, while the 1930s were an innovative period (with faster TFP growth than the decades
preceding it), it was less innovative than the decades that followed (during and immediately after World War II).

13 In standard neoclassical growth models, a permanent change in the level of employment would not affect steady-
state capital per worker. Of course, changes in risk premia or other factors affecting the relative cost of capital to labor
would affect capital per worker.
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economy TFP may be small. That said, the Great Recession could have had an additional effect,
as suggested by the step-down in the level of northern-European TFP visible in Figure 3.1

Table 2 shows the result of break tests on U.S. and European market-sector TFP growth. The data
are from EU KLEMS (2012, 2017) for the market sector for the period 1980-2015. In all cases,
the tests consider the null of a constant mean growth rate in TFP against the alternative of one or
more breaks in mean growth. Since growth rates are generally declining, the tests are somewhat
biased towards finding changes in trend.

The first two columns of the table allow for a break or breaks in TFP growth at an unknown date.?°
For Northern European countries, the estimated break dates in the first column (the second row of
numbers for each country) are usually around the beginning of the Great Recession. The strongest
evidence is for a Northern European aggregate, where we find a significant break at the 5 percent
level after 2007. This is consistent with the view that the trajectory of TFP growth has been
different since the Great Recession.

The results for individual countries are less strong. Only France has a p-value below 10 percent—
but the apparent break takes place in 2000, well before the recession. For the U.K. the test points
to a break after 2007, albeit with a p-value of only 13 percent.

Nevertheless, as noted, the Great Recession was a sharp and distinct event. So, Chow tests—testing
for a break at a known date—might make sense. Chow tests suggest stronger evidence of a break
after 2007 in Northern Europe, especially in France and the United Kingdom.

Given the finding in the literature regarding a U.S. pre-Great Recession slowdown in TFP growth,
another useful perspective is to ask whether there is any evidence of a break in TFP relative to the
U.S. around the Great Recession. The answer (given by the final column) is no.

Interestingly, in the EU KLEMS data, there is no evidence of significant breaks in the US data.
Fernald, et al. (2017) find stronger statistical evidence for a speedup in U.S. TFP growth in the
mid-1990s and a slowdown by 2006 or before. Fernald (2015) and Fernald et al. (2017) find that
the timing of the mid-2000s slowdown was clearly prior to the Great Recession itself. (The datasets
are different, as is the frequency.)

19 Without a formal model, we cannot say what would have happened to the path of global or country-level TFP in the
absence of the Great Recession. Anzoategui et al. (2019) estimate a model where aggregate technology is endogenous
to the cycle. According to their estimates, the Great Recession did, indeed, lower the path of TFP. For our purposes,
the important point is that it is not an either/or discussion.

20 1n all cases, we assume that aggregate TFP is a random walk and test for changes in the constant (the drift term).
The estimation was done in Matlab following the approach in Fernald et al. (2017, Table 6). Allowing for a third break
always led to a lower p-value than allowing for one or two breaks. The estimated third break date was almost always
the same as the second break date shown when we allow for two breaks. Any aggregate breaks presumably reflect
breaks in the underlying industry data—and a sectoral analysis might provide further insight or evidence. We leave
that analysis for future research.
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In conclusion, this analysis suggests the 2007-08 GFC may have had a negative effect on TFP
growth rates in Northern Europe in addition to the slowing trend that we found for the earlier
period. The evidence is far from conclusive. For one thing, other datasets show less strong results.
Notably, the PWT data, which run through 2017, look qualitatively similar but with less statistical
significance. For example, the p-value for northern Europe is only 16 percent, rather than 5 percent
in the EU KLEMS data. More broadly, it is challenging to distinguish a gradually declining trend
from a distinctive break in the time series. There is only mixed evidence for individual countries,
and there is little evidence for breaks relative to the United States—where the break occurred
earlier in the 2000s. Finally, for Southern Europe (Italy and Spain), the analysis suggests an earlier
break date, consistent with the visual evidence from Figure 3.

4. Cyclical dynamics and the role of the Great Recession

A challenge in disentangling productivity trends is the magnitude of the Great Recession itself.
Considerable literature, mainly on U.S. data, has explored the cyclical properties of productivity—
documenting that measured productivity can move substantially over the business cycle (see
Fernald and Wang, 2016, for a survey). To understand what we are seeking to “filter out”, this
section explores the role of cyclical dynamics for measured TFP growth. Given the distinctiveness
of the GFC and the impact of the subsequent European debt crisis, it is hard to give a purely
structural (as opposed to a cyclical) interpretation to TFP growth rate developments. But at the
same time, the length of time since the GFC starts to favor a structural interpretation.

Figure 5 shows a TFP growth for the 11 European countries in EU KLEMS 2017. The solid line
is a GDP-weighted average for the market economy, with the shaded area denoting the lowest and
highest growth rate in each year. In all countries, TFP growth fell sharply in the depths of the Great
Recession. TFP growth rebounded in 2010, with the rebound inversely proportional to the decline.

The specific experiences of Germany and Spain are informative about the underlying features of
the cyclical swing in TFP. The TFP decline in 2009 and rebound in 2010 were sharpest in
Germany. Bellman et al. (2016) document that institutions in Germany (such as short-time work)
encouraged use of the intensive margin (hours per worker, and perhaps effort per hour) rather than
the extensive margin of hiring and firing. They also point out that economic conditions and
business expectations in Germany supported the use of the intensive margin. For example,
manufacturing surveys show that businesses thought the downturn would be temporary, so they
had an incentive to hold onto workers they would want in the recovery (page 206, ; see also
Fernald, 2018, for a review of the volume in which this paper appeared).

Spain, in contrast, saw the smallest TFP decline in 2009 and the smallest rebound in 2010. That
is, TFP growth was only slightly procyclical. As Hospido et al (2016) argue, firms
disproportionately used the extensive margin of labor-input adjustment, in part because of a high
share of workers on temporary contracts. In addition, Spanish firms were, in general, covered by
collective agreements at a sector level that specified hours of work, making it harder to use that
intensity margin. Thus, the strong responsiveness of employment/unemployment to output, and
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the limited response of TFP from the use of the intensity margin, is not surprising. Interestingly,
in terms of trend, Spain’s TFP growth was negative before the recession and for most of the period
since. TFP growth only turned positive after the recovery in GDP growth in 2014.

Of course, as many observers have noted, Spanish labor productivity (output per hour) did look
quite different—it rose in 2009 and was relatively strong for the next few years. This short-term
disconnect between the performance of TFP and labor productivity is consistent with standard
growth accounting. TFP is typically procyclical (because of cyclical factor utilization). But
cyclical forces affecting capital deepening and labor composition (the other components of the two
labor-productivity decompositions in equations 2 and 3) are countercyclical. As we discussed in
the context of Figure 2A, the capital-output ratio is strongly countercyclical. In addition, low-
productivity workers tend to lose their jobs at disproportionate rates in recessions, leading to
positive contributions from labor compositions. So, in the absence of strongly procyclical TFP
growth, labor productivity will be countercyclical—consistent with Spain’s experience.

Have the cyclical forces completely played out in the European data? In the U.S. context, Fernald
(2014b) argues that by the end of 2010, the major cyclical dynamics on U.S. TFP from variation
in the intensity of labor and capital utilization had played out. Thus, his estimates suggest the
utilization margin recovers quickly, consistent with the burst in European TFP growth in 2010 that
is visible in Figure 5.

However, Europe had a double-dip recession from 2011 to 2013, with a subdued recovery for
several years thereafter. Hence, the cyclical effects on TFP may not have entirely played out by
2015 (the end year in EU KLEMS 2017). Consistent with this view, in PWT and OECD data, TFP
growth was relatively strong in the post-2015 period (to 2017 in PWT and to 2018 in OECD), as
was quarterly data on output per hour from Eurostat through 2017.2! (Output per hour in 2018 and
2019 was more modest, consistent with the cyclical effects having run their course.) Our tentative
conclusion is thus that by the end of the PWT sample period in 2017, residual cyclical dynamics
from labor hoarding and low capital utilization are probably not central to the story. Cyclical
effects may be more important in the post-2007 EU KLEMS growth rates. That is, rising factor
utilization, which boosts measured TFP growth during the recovery period, may not have picked
up sufficiently to offset the decline in utilization (and measured TFP) that took place during the
recession period.. Still, the trends in that dataset are broadly consistent with the trends in other
datasets, suggesting that the main post-2007 trends were structural.

5. Measurement and related issues

Based on our analysis of aggregate and industry-level TFP growth, we have argued that TFP
growth across European countries had been trending downwards for a substantial period of time

21 http://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tipsna7l. We would also
note that a renewed cyclical recovery is not visible in Euro-area TFP growth in the Conference Board’s Total Economy
Database or in OECD data, both of which run through 2018.
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before the GFC and, possibly, was subject to a further downward shift due to the GFC, both of
which are unlikely to affected to a great degree by cyclical dynamics. Yet that does not imply that
that exogenous technological factors or resource allocation are the sole explanatory factors. Here,
we consider several measurement and other issues that could be affecting our estimates of factor
growth and TFP. Specifically, we consider issues related to capital measurement, demographics,
market power, and intangible capital. We do not find that any of them can explain the TFP
slowdown observed in the data.

A. Vintage capital

The first measurement issue involves vintage capital. Going back at least to the 1950s, economists
have argued that technology is often embodied in capital.?> The embodiment logic suggests that
the decline in the investment rate might, on its own, reduce TFP growth. In recent decades, a
common, and straightforward, modeling framework for embodiment has been the “investment-
specific technical change” setup of Greenwood, Hercowitz, and Krusell (GHK, 1997). Although
not always presented this way, the GHK framework is equivalent to a two-sector model, where
one sector produces capital goods and the other consumption goods (see Oulton, 2007). An
important assumption in implementing this framework is that the improved quality of new vintages
of capital is measured as a lower price for new capital goods. That lower price, in turn, implies
that any given nominal spending on capital goods is associated with a higher real quantity of capital
goods, and a higher level of TFP in capital-goods production.

In the GHK framework, if firms reduce their investment spending, then the “new and improved”
capital is not installed. In terms of aggregate TFP, there is a lower weight on the presumably faster-
TFP-growth investment sector. To investigate the potential importance of this channel, we
recalculated market-sector TFP growth under the assumption that industry weights remained fixed
at their 2007 level. The benchmark, of course, allows the weights to change. If the falling
investment share meant there was a lower weight on fast-TFP-growth equipment-producing
industries, then TFP growth should be stronger when using pre-GFC shares. The constant pre-GFC
weights turn out to make little difference. In fact, TFP growth from 2007-15 is actually a few basis
points worse than the actual figure. The reason the weights don’t matter much is that every sector
(including the ICT sector and non-IT manufacturing) had low TFP growth. Thus, at least with this
interpretation of the vintage-capital argument, it is unlikely to be an important explanation for the
decline in TFP.

B. Demographics

A related, but distinct, argument is that an aging, and slower growing, population might contribute
to slower TFP growth. For example, in the EU-15, growth of the “working age population” (aged

22 Key early contributions were by Johansen (1959) and Solow (1960). Boucekkine et al. (2011) provide a recent
survey that links the earlier literature with the more recent literature on investment-specific technical change.
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15-64) slowed from 0.5 percent per year from 2000—-07 to only 0.1 percent per year from 2007—
18. There are a range of channels through which an aging population might affect TFP growth.
These include skills that depreciate, reduced managerial talent (Feyrer, 2007), reduced dynamism
and labor mobility (e.g., Karahan, Pugsley, and Sahin 2019), and greater resistance of older
workers to innovation.??

Based on cross-country panel regressions for European countries, Aiyar and Ebeke (2016) predict
that an aging European workforce could reduce TFP growth in Europe by about 0.2 percentage
points per year from 2014 to 2035. This compares with a drag from aging of only about 0.1 pp
from 1985 to 2007. Thus, the Aiyar-Ebeke study suggests that aging might have contributed
modestly—around 0.1 pp—to the overall post-GFC slowdown in TFP growth.

Aging could also affect capital deepening, though the effects are less clear. One argument is that
slower growth in the working age population could reduce capital growth—as it does in
neoclassical models—thereby leading to slower introduction of new capital vintages. As noted
above, we are not persuaded this vintage effect is a significant factor in the data. In addition,
Acemoglu and Restrepo (2017) argue that an aging population, which reduces labor supply, may
endogenously lead to an increase in automation that offsets the negative effect on productivity
growth. They find that countries that are experiencing more rapid aging are also adopting robots
more intensively, which might raise TFP growth as well as capital deepening (Graetz and
Michaels, 2018)

On balance, we view an aging, and slower growing, population, as having a small, probably
negative, effect on TFP growth at this point. Still, there is no question that demographic changes
are going to be enormously important in shaping the world in decades to come. Fernald and Jones
(2014), for example, highlight the implications of semi-endogenous growth models such as Jones
(2002). In that model, long-run growth comes from the discovery of new ideas which, in turn,
come from people. Slower global population growth (in countries at the research frontier) implies
slower discovery of new ideas, and reduced TFP growth.

That said, the timing of the TFP slowdown is unclear. Jones (2002) argues that the effect has been
offset by increased research intensity. In addition, Fernald and Jones (2014) argue that, as China,
India, Korea, and other countries become important research centers, the “effective population”
looking for new ideas has grown. The important takeaway from this line of research is that
demographics are an important global force that can affect productivity, even if the effects, and
the timing, can be subtle.

23 See Acemoglu and Restrepo (2017) for further references. This is, at least in part, a measurement issue, since these
factors could, in principle, be picked up in labor composition measures that control for age or experience. For the
United States, labor composition measures (including by the Bureau of Labor Statistics and in Fernald, 2014), control
for age/experience. But in EU KLEMS and the PWT that we use in this paper, the labor composition adjustment
controls for education alone. That said, the effect of age/experience on labor services can be more subtle if learning
on-the-job and vintage effects in human capital are taken into account, see Inklaar and Papakonstantinou (2020).
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C. Market power and intangibles

Two further issues that have received a lot of attention in recent literature are an apparent rise in
market power, and the increasing share of intangibles in investment and output. We find little
evidence so far that either of these stories can explain the slowdown in aggregate European
productivity growth—at least in a direct sense.

As Karabarbounas and Neiman (2018), among others, point out, rising market power and rising
intangibles could both explain apparently increasing economic profits in the data (what
Karabarbounas and Neiman call “factorless income™). The link can be direct when rising market
power leads to pure economic profits. (It does not need to, if the rising market power is needed to
offset rising returns to scale, say, from fixed costs.?*) With intangibles, the issue is that the returns
to intangibles show up in residual payments to capital, but our usual measures of the capital stock
might not include those intangibles. Concretely, Apple had a market capitalization of $1.4 trillion
in late January 2019, but it has few tangible assets. Its cash flow derives from a return on its
enormous stock of intangible design and marketing skills.

Both stories have implications for measuring innovation, as well. First, if here are pure economic
profits, then the typical default of estimating capital’s factor share as a residual is misleading—
that residual includes pure profits as well as the implicit rental cost of capital services. Second, if
the story is rising (unmeasured) intangibles, that has implications for measurement of both output
(producing the intangible assets) and inputs (the accumulated intangibles stock).

Figure 6 takes a first look at this story by looking at the implicit internal rate of return to measured
capital in the EU KLEMS dataset. That is, for each country, there is an implicit nominal return in
the user-cost formulas (with one user cost equation for each type of capital) such that the sum of
the implicit capital rental payments exhausts non-labor factor costs in value added. To adjust for
inflation and for the overall level of interest rates, we subtract the nominal government bond yield.
The rates in the figure just can be interpreted as reflecting risk, financial frictions—or pure
profits.?

In the figure, 7 out of the 10 countries shown saw an increase in this premium over the sample.
This increase could be consistent with rising economic profits. That said, the evidence is not
conclusive, in that of the five largest European economies, only Germany and the U.K. saw an
increase; France, Spain, and Italy did not.

Still, if we interpret rising internal rates of return as reflecting rising market power, it would imply
that measured TFP growth did not necessarily track innovation and technology. In the simplest
case of constant returns, the issue is that we are underweighting labor and overweighting capital.

24 Ho and Ruzic (2020) find, for U.S. manufacturing plants, that profit rates are rising despite constant markups. In
their estimates, returns to scale have fallen over time.

25 Analysing the overall labor or capital share is subject to an even longer list of potential alternative explanatory
factors. See also Barkai (2020) for a related approach for US data.
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One could investigate this directly by imposing a premium over the government bond rate in
calculating implicit rental cost. We have not done that, but as a first test, we can see how large a
difference it would make to shift weight towards labor and away from capital. Specifically, as a
benchmark, we simply impose that because of rising economic profits, the true capital share of
value added revenue falls 10 percentage points after 2005—a quite large effect—with labor’s share
rising 10 percentage points.?® Under the assumption of constant returns, this increases the implied
growth rate of aggregate technology by 0.1 X (AInK; — AlnH;). In EU KLEMS data, many
countries did see faster growth of capital than labor since 2005, so the adjustment would raise
technology growth. But the magnitude is typically no more than 0.1 percentage point, and often
smaller. It is larger in the case of Spain, about 0.2 percentage points, since capital input kept rising
even as labor fell from 2005 to 2015; but Spain was not a case where there is evidence of a rising
internal rate of return. Our conclusion is that rising market power probably cannot, through
measurement channels, explain weak measured TFP growth.

Non-constant returns to scale could also matter, since output elasticities differ from factor shares.
With increasing returns to scale (y > 1, where y is the degree of returns to scale), measured TFP
growth will mechanically fall if share-weighted input growth, Aln (X), falls. In PWT, share-
weighted capital and labor growth slowed by 1.1 percent from 1995-07 to 2007-17. If the typical
industry y were 1.1, then TFP growth would fall by about 0.1 percentage point through this effect.
That said, most estimates suggest that returns to scale y are not too far from one (e.g., Basu and
Fernald, 1997, and Inklaar, 2007). Hence, this estimate is probably an upper bound.

Another interpretation of Figure 6 is that it is capturing intangible investments. Indeed, one channel
through which a recession might cast long shadows is through reduced intangible investments—
that is, reduced investments in the future. Some of these investments are measured in the national
accounts, but others are not. As a pure measurement issue, if intangibles are not measured, there
is missing investment output as well as missing intangible capital input.

The intuition is clear. Figure 7 looks at the share of intangible investments relative to market-sector
value added. Intangibles here are as measured in the INTAN-Invest database of January 2019
(Corrado et al., 2017), which attempts to measure many of the harder-to-measure types of
intangibles (organizational change, training, and branding, for example). The intangibles share has
been rising in virtually all countries, but there is no obvious change in trend before and after 2005.
The 2019 vintage of EU KLEMS (Stehrer, 2019) includes a set of growth accounts that
incorporates a much broader set of intangibles than are in the national accounts, using a similar
measurement approach as the INTAN-Invest database. These intangible assets include various
forms of innovative property and “economic competencies” (e.g., training, advertising, market

26 This is only to gauge the plausible magnitude of the effect. With markups, other issues arise, including the fact that
aggregate technology cannot in general be expressed just as a function of aggregate output and aggregate capital and
labor. The distribution of output and inputs across firms and industries also matters. See, for example, Basu and
Fernald (2002).
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research, and organizational capital). Appendix Table 2 shows that the growth accounting is only
modestly affected by including this much broader set of capital. So as with direct measures
reflecting market power, there is no clear evidence that changing intangible investment rates can
account (in a direct sense) for the slowdown in TFP growth.

As a caveat, this argument captures only the direct effect of intangibles on the accounting. The
indirect effects are less clear. For example, Corrado et al. (2019) find a similar result for the direct
growth-accounting effects. However, they argue that spillovers to growth from the accumulated
stock of intangibles can explain much of the mid-2000s U.S. TFP slowdown. To get this result,
they assume very large and immediate positive spillovers from a broad class of intangibles—well
beyond R&D—such as advertising, training, and organizational capital. We are less persuaded that
spillovers to this large class of intangibles is as large as assumed by Corrado et al. (2019). For
example, the argument for spillovers from organization capital are weaker than for R&D as
organization capital tends to be more tacit, and the evidence is likewise weaker (e.g. Chen and
Inklaar, 2016). We discuss additional indirect channels for intangibles to matter in the next section.

6. Discussion and implications for the future

European labor- and total-factor-productivity growth is notably lower than it was 20 to 30 years
ago. As in the United States since the mid-2000s, there is evidence of a declining trend before the
Global Financial Crisis. In Europe, we find some mixed evidence that the crisis itself might have
further dented productivity growth prospects.?’

Fernald (2014b) emphasizes that the U.S. slowdown was focused in IT-producing and IT-intensive
industries, arguing that the slow pace of growth reflected the incremental gains of the IT revolution
for broad swaths of the economy (see also Gordon, 2016). A closely related view is that ideas are
getting harder to find (Bloom et al., 2020).

Arguably, the same story applies to Europe. European TFP growth has been slowing since the
1960s (Figure 1), and the slow pace of the past decade looks like a continuation of that trend.
Indeed, as Figure 3 showed, the remarkable fact for Northern Europe has been the rough stability
since the 1990s in TFP levels relative to the United States. The visual evidence from Figure 3,
along with the mixed evidence from formal break tests, suggest that stories in which the Great
Recession caused the slow pace of productivity growth are at best incomplete.

Still, the striking feature of Figure 3 is that, for decades, European productivity has either been
diverging from the frontier (Spain or Italy) or else stopped converging short of the frontier
(Northern Europe). These same challenges were highlighted by the pre-recession comparative
U.S.-Europe literature. That earlier literature (e.g. Timmer et al, 2010) highlighted the challenges

27 This paper has not discussed why Europe looks worse. One possible reason is that fiscal and monetary policy
responded less aggressively in Europe than in the United States, allowing more of the cyclical shock to become
structural.
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in adapting to a knowledge-based economy, in terms of its demands on skills, innovation,
management, and organizational change.

It has long been argued that product, labor and financial market reforms are crucial for improving
its productivity growth; this is, for example, the Bartelsman (2013) view that Europe has the
potential for quite fast productivity growth by converging (in institutions and, ultimately, in
economic outcomes) to U.S. levels. This view calls for ambitious structural reforms in many
European economies to reverse anticompetitive regulations on labor and product markets and to
reduce the importance of financial frictions. Yet as argued by Philippon (2019), the argument that
the United States is a beacon of free-market dynamism and innovativeness that every European
country should aspire to emulate, is harder to square with evidence for the U.S. of concentrating
markets, rising costs in important sectors such as education and healthcare, and reduced business
dynamism. At the same time, European countries have substantially liberalized their product
markets. In 1995 nearly all European countries had more restrictive regulations in place than the
US, while by 2008 most were less restrictive than the US (Philippon 2019, p. 126). At the very
least, a simple ‘reform and productivity will follow’ conclusion is not warranted by these trends.

This paper has focused on data and growth accounting. Stepping back, some (complementary)
theoretical models suggest that a slowing global productivity growth trend might reflect changes
to the process of innovation. In particular, several recent papers highlight how information
technology itself might endogenously lead to a slower pace of innovation and growth throughout
the economy. These stories put the slowing European and U.S. productivity trend in the context of
other recent developments, such as declining dynamism, rising dispersion of firm-level
productivity in many countries (e.g., Andrews, et al., 2019), and the growing importance of
superstar firms (Autor et al. 2019).

For example, de Ridder (2019) argues that intangibles linked to IT hardware and software are a
form of fixed costs. Successful firms expand, which allows them to spread these fixed costs over
more production. The initial expansion of these successful high-intangible firms, in turn, increases
productivity growth even as concentration rates rise. But over time, another effect dominates: It is
challenging (for new entrants or for existing low-intangible incumbents) to compete with the high-
intangibles incumbent. So innovative activity, firm turnover, and aggregate productivity growth
slow.

Aghion et al (2019) provide a related endogenous growth argument linked to information
technology. In their story, improvements in information technology initially boosts productivity
by increasing managerial scope, which allows high-productivity/high-markup firms to expand. But
the expansion of these high-productivity firms eventually deters innovation and undermines long-
run growth. The reason is that potential innovators would have to compete with a high-productivity
firm. That prospect lowers the expected the returns to innovation. Though the de Ridder and
Aghion et al. stories differ substantially in their details, both suggest indirect reasons for why
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information technology—a general purpose technology—might now be leading to reduced
innovative activity at the frontiers of the global economy.2?

Certainly, there is much research yet to be done on the changing nature of firm dynamics, as well
as the degree to which those changes are, indeed, related to intangible capital and information
technology. There is much to be learned about how these changes affect the process of convergence
at a country level, and the degree to which policy choices can influence them. Nevertheless, until
something changes, the best guess is that slow trend growth is the new normal for Europe, just as
it is for the United States.

28 Andrews et al., (2019) find, in firm-level data, that frontier TFP growth slowed after about 2007. They emphasize,
however, the growing dispersion between the “best firms” and the rest, which they interpret as a growing technology
diffusion problem.
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Online Data Appendix

In the main text, we focus on the total economy from the Penn World Tables (PWT) and the market
economy from EU KLEMS 2012+2017. This appendix discusses the variables we use in greater
detail and compare results with several additional datasets. The additional datasets include (in
Appendix Table 1) the EU KLEMS total economy, the OECD Productivity data, the Conference
Board Total Economy Database, and (in Appendix Table 2) EU KLEMS 2019 (Stehrer, et al,
2019).

PWT

We rely on PWT, version 9.1, available for download via www.ggdc.net/pwt, along with further
documentation. See Feenstra et al. (2015) for the overall documentation of the database. The

variables we use are shown in the following table.

Appendix Table 1: PWT Variables for Figures and Tables

Variable description Variable code(s)
Figure 1
TFP RTFPNA
Weighting CGDP°
Table 1
Labor productivity (GDP per hour) RGDPNA/(EMP x AVH)
Capital/hour RKNA/(EMP x AVH)
Labor composition HC
TFP RTFPNA
Capital/output RKNA/RGDPNA
Weighting of GDP CGDP°
Weighting of capital (1—-LABSH)
x CGDP°
Weighting of labor LABSH x CGDP°
Figure 2A
Capital/output RKNA/RGDPNA
Weighting CGDP°
Figure 2B
Investment/GDP Vgrer/Vgap (NA data file)

Weighting CGDP°
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EU KLEMS

We combine the EU KLEMS releases of 2012 and 2017 to enable a longer time series analysis.
We use the 2017 time series for however long available. For nearly all variables, we then use the
2012 time series for extrapolation to each available year t (country and industry subscripts are
omitted for clarity):

X20171 (A1)

X2012,7

X2017,t = X2012,t X

Here 7 is the first year for which data are available in the 2017 release and x is the relevant variable,
such as value added at current prices (VA) or the index for total factor productivity (TFPva_l).
The only exceptions to the extrapolation in equation (Al) are the contributions to value added
growth of hours worked (VAConH), of labor composition (VAConLC), of ICT capital
(VAConKIT) and of non-ICT capital (VAConKNIT). For these variables, we use the 2012 values
as given.

Appendix Table 2: EU KLEMS Variables for Figures and Tables

Variable description Variable code(s)

Table 1
Labor productivity VA_QI/H_EMP
Capital/hour CAP_QI/H_EMP
Labor composition LAB_QI/H_EMP
TFP Based on equation (1) in the main text
Capital/output CAP_QI/VA_QI
Weighting across market industries VA
Weighting across countries See Appendix Table 1

Table 2, Figure 3, Figure 4, Figure 5

TFP Aggregate across industries (and countries) as
for Table 1
Figure 6
Internal rate of return Computed based on capital input files, giving

capital stocks, deflators and depreciation rates
Figure 7
Weighting across countries CGDP°
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Appendix Table 3. Alternative datasets for growth accounts in Europe

EU KLEMS Total Economy (combination of 2012 and 2017 version)
1985-95 1995-07 2007-15 1995-00 2000-07 2007-11 2011-15

(1) Labour productivity growth 2.18 1.41 0.45 1.64 1.25 0.35 0.54
Accounting decomp. 1 (p.p. contributions):
(2) Capital/hour 1.14 0.80 0.43 0.94 0.70 0.61 0.26
(3) Labour composition 0.38 0.20 0.26 0.25 0.16 0.31 0.21
(4) TFP growth 0.65 0.42 -0.23 0.45 0.40 -0.57 0.10
Accounting decomp. 2 (p.p. contributions):
(5) Capital/output 0.62 0.46 0.43 0.56 0.39 0.77 0.10
(6) Labour composition 0.57 0.31 0.40 0.39 0.25 0.48 0.32
(7) TFP growth 0.98 0.66 -0.37 0.70 0.62 -0.90 0.16
OECD
1985-95 1995-07 2007-17 1995-00 2000-07 2007-11 2011-17
(1) Labour productivity growth 2.04 1.61 0.60 1.82 1.45 0.36 0.76
Accounting decomp. 1 (p.p. contributions):
(2) Capital/hour 1.01 0.72 0.50 0.75 0.70 0.72 0.35
(3) Labour composition n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(4) TFP growth 1.01 0.86 0.06 1.03 0.74 -0.48 0.41
Accounting decomp. 2 (p.p. contributions):
(5) Capital/output 0.60 0.39 0.45 0.35 0.42 0.84 0.20
(6) Labour composition n.a. n.a. n.a. n.a. n.a. n.a. n.a.
(7) TFP growth 1.42 1.17 0.08 1.41 1.00 -0.65 0.57

Total Economy Database (April 2019)
1990-95 1995-07 2007-17 1995-00 2000-07 2007-11 2011-17

(1) Labour productivity growth 2.48 1.49 0.56 1.76 1.30 0.41 0.66
Accounting decomp. 1 (p.p. contributions):

(2) Capital/hour 1.34 0.82 0.61 0.78 0.85 0.98 0.37

(3) Labour composition 0.28 0.26 0.25 0.32 0.22 0.33 0.19

(4) TFP growth 0.88 0.42 -0.31 0.68 0.24 -0.91 0.09
Accounting decomp. 2 (p.p. contributions):

(5) Capital/output 0.60 0.34 0.65 0.09 0.52 1.42 0.13

(6) Labour composition 0.46 0.45 0.43 0.54 0.38 0.58 0.34

(7) TFP growth 1.47 0.72 -0.54 1.16 0.41 -1.59 0.17

Notes: Sample periods and countries differ slightly across datasets.



Appendix Table 4. EU KLEMS 2019 (with and without additional intangibles)

@ 3) Q) (%) (6) Q)
1995-07 2007-17 1995-00 2000-07 2007-11 2011-17
EU KLEMS Total Economy (2019 version, only NA intangibles)
1) Labour productivity growth 1.46 0.55 1.71 1.29 0.42 0.64
Accounting decomp. 1 (p.p. contributions):
) Capital/hour 0.41 0.27 0.44 0.38 0.51 0.11
3) Labour composition 0.19 0.21 0.24 0.16 0.26 0.17
4 TFP growth 0.87 0.07 1.03 0.76 -0.36 0.36
Accounting decomp. 2 (p.p. contributions):
5) Capital/output -0.13 0.13 -0.19 -0.09 0.57 -0.17
(6) Labour composition 0.28 0.31 0.36 0.23 0.40 0.26
@) TFP growth 1.32 0.11 1.55 1.16 -0.55 0.55

EU KLEMS Total Economy (2019 version, including additional intangibles)

1) Labour productivity growth 1.52 0.57 1.77 1.33 0.40 0.69
Accounting decomp. 1 (p.p. contributions):

) Capital/hour 0.41 0.28 0.43 0.39 0.51 0.13

3) Labour composition 0.19 0.21 0.24 0.16 0.26 0.17

4 TFP growth 0.92 0.08 1.11 0.79 -0.37 0.38
Accounting decomp. 2 (p.p. contributions):

5) Capital/output -0.16 0.14 -0.24 -0.10 0.58 -0.16

6) Labour composition 0.28 0.31 0.36 0.23 0.40 0.26

(7) TFP growth 1.40 0.12 1.67 1.21 -0.58 0.59

Notes: Source is Stehrer et al. (2019). Data start in 1995. Top panel includes only national
accounts intangibles in output and capital and is from the “statistical” tables. Bottom panel
includes additional intangibles and is from the “analytical” tables.
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Table 1: Growth Accounting Across Datasets
(percent or percentage points per year)

Penn World Table (version 9.1)
(1) (2) (3) (4) (5) (6) (7)

1985-95 1995-07 2007-17 1995-00 2000-07 2007-11 2011-17
(1) Labour productivity growth 2.48 1.50 0.68 1.74 1.33 0.34 0.91
Accounting decomp. 1 (p.p. contributions):
(2) Capital/hour 1.09 0.72 0.55 0.73 0.72 0.80 0.39
(3) Labour composition 0.44 0.32 0.25 0.35 0.29 0.28 0.22
(4) TFP growth 0.95 0.47 -0.12 0.67 0.32 -0.74 0.30
Accounting decomp. 2 (p.p. contributions):
(5) Capital/output 0.21 0.19 0.45 0.04 0.29 1.11 0.01
(6) Labour composition 0.72 0.53 0.42 0.58 0.50 0.48 0.38
(7) TFP growth 1.55 0.78 -0.19 1.12 0.54 -1.25 0.52

EU KLEMS Market Sector (combination of 2012 and 2017 version)

1985-95 1995-07 2007-15 1995-00 2000-07 2007-11 2011-15
(1) Labour productivity growth 2.41 1.66 0.42 1.84 1.53 0.15 0.69
Accounting decomp. 1 (p.p. contributions):
(2) Capital/hour 1.11 0.88 0.45 1.05 0.76 0.63 0.26
(3) Labour composition 0.37 0.20 0.30 0.19 0.20 0.33 0.27
(4) TFP growth 0.93 0.65 -0.30 0.73 0.60 -0.78 0.19
Accounting decomp. 2 (p.p. contributions):
(5) Capital/output 0.56 0.51 0.48 0.69 0.39 0.88 0.08
(6) Labour composition 0.53 0.29 0.43 0.28 0.29 0.48 0.38
(7) TFP growth 1.33 0.96 -0.45 1.06 0.89 -1.16 0.27

Notes: All data are Tornquist aggregates across individual countries. See the text for the expressions
shown in lines 2 through 7. Penn World Tables aggregates the 15 countries that were members of the
European Union before 2004; see notes to Figure 1 for the list. Because of data availability, EU KLEMS
includes eight countries with complete growth-accounting data back to 1985. EU KLEMS ends in 2015,
whereas PWT ends in 2017. See the data appendix for further details. The text explains the two
accounting decompositions.
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Table 2: Tests for Breaks in Market-Sector TFP Growth, 1980-2015

Quant Likelihood Ratio Chow test for break Chow test for break
(Sup Wald) Test after 2007 relative to U.S. after 2007

Country 1 break 2 breaks

United States 0.40 0.51 0.25
2006 1998 2005

Europe 0.10 0.33 0.03 0.43
2007 1990 2007

Northern Europe 0.05 0.21 0.01 0.25
2007 1991 2007

Southern Europe (ltaly, Spain) 0.20 0.28 0.22 0.94
1995 2000 2009

Germany 0.27 0.16 0.23 0.67
2007 2001 2009

France 0.09 0.24 0.00 0.11
2000 1989 2007

Netherlands 0.55 0.25 0.19 0.88
2007 1999 2007

United Kingdom 0.13 0.27 0.01 0.16
2007 1987 2007

Spain 0.10 0.31 0.42 0.80
1988 1988 2009

Italy 0.40 0.33 0.29 0.88
2000 2000 2009

Notes: First set of numbers for each country or region are p-values against the null of a constant
mean and are heteroskedasticity and autocorrelation robust. Second set of numbers are estimated
dates after which the mean changes. TFP growth is annual data for the market-sector from the
2012 and 2017 EU KLEMS datasets. For estimation details of the Quandt tests, see Fernald, Hall,
Stock, and Watson (2017).
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Figure 1: European total factor productivity growth: A long downward trend
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Notes: Source is PWT 9.1 (Feenstra, Inklaar, and Timmer, 2015). The solid line is European TFP
growth, defined as a Tornquist index of TFP growth for 15 countries that were members of the
European Union before 2004. Country TFP is variable RTPNA, and weights are nominal PPP-
adjusted GDP, variable CGDP°. Countries are Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden, and the
United Kingdom. The red dashed line is biweight trend with bandwidth of 12 years. The maroon
dashed line that diverges from the red line after the late 1990s, and ends in 2007, is the estimated
trend using data through 2007 only.
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Figure 2A. Capital-output ratio not falling short of trend
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Source: Penn World Table 9.1 (Feenstra, Inklaar and Timmer, AER 2015), variables RK" and RGDP4.
Notes: Figure shows the capital-output ratio in the EU-15 for 1990-2017 and for France (FRA),
Germany (DEU), Italy (ITA), Spain (ESP) and United Kingdom (GBR) the values in 1990, 2000
and 2017. The capital-output index is normalised to 2007=1.
Figure 2B: Investment share fell after the recession
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Source: Penn World Table 9.1 (Feenstra, Inklaar and Timmer, AER 2015).

Notes: Nominal gross fixed capital formation relative to nominal GDP for the 15 original EU member
countries.
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Figure 3. Slower frontier TFP growth and divergence
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Source: Market-sector TFP growth from EU KLEMS 2017, combined with EU KLEMS 2012
(before 1995). PPP-adjusted TFP levels are based on Inklaar-Timmer (2009) for 1997.



Figure 4. Since 2007, anemic TFP growth is the new normal
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Source: EU KLEMS 2017.
Notes: ICT sector covers ICT goods and services, Bubble sectors are finance and construction, Other industries are agriculture, mining and utilities.
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Figure 5. TFP fell in 2009, rebounded in 2010
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Source: EU KLEMS 2017, combined with EU KLEMS 2012.

Notes: The solid line shows GDP-weighted average market economy TFP growth for Austria, Belgium,
Finland, France, Germany, Italy, Spain, Netherlands and United Kingdom. The shaded area spans the
minimum and maximum growth rate observed in each year in this set of countries.
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Figure 6. Market power: increase in apparent profits in many countries
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Source: IRR: EU KLEMS 2017, calculations by Daan Freeman. Government bond yields: ECB
Notes: Figure shows for each country the internal rate of retun on fixed assets minus the 10-year government bond yield.
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Figure 7. Steady rise in intangible investment
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Source: INTAN-Invest Database, January 2019, Corrado et al. (2016).

Notes: European countries covered are Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,

Luxembourg, Netherlands, Portugal, Spain, Sweden and UK. Red area indicates the range of investment rates and the
solid red line is the weighted average European productivity level. Ireland is omitted from the European range as

its R&D investment increased by a factor of 5.5 between 2014 and 2016, leading to an investment rate of 31 percent
in that year. Eurostat investment data show the data return to below their 2015 level by 2018.
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