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1 Introduction

We trace growth in world total factor productivity from 1996-2014 to its industry
sources, using data on more than 36 industries and 40 countries. “World productiv-
ity” appears in models of economic growth and innovation (e.g., Caselli & Coleman,
2006) in the context of a world technology frontier. But few studies formally account
for world productivity growth. In this paper, we use new global growth-accounting
techniques and datasets to decompose world GDP growth into parts driven by tech-
nology, labor, and capital, as well as by factor reallocation and markups.

Our results provide a clear narrative regarding global Total Factor Productivity
(TFP). First, world productivity growth is highly volatile from year-to-year and even
over multi-year periods. Second, the bulk of the volatility in world productivity
growth is due to the (net) reallocation of labor across countries. Mechanically, labor
reallocation is negative for world productivity growth if labor grows faster in low-wage
country-industries. Third, the contribution of underlying productivity growth at the
country-industry level (that is, the weighted average of productivity growth across
the country-industry combinations in our data) is much less volatile than world TFP.
Fourth, the productivity slowdown in advanced economies in the early 2000s was
offset by an acceleration in emerging markets, resulting in relatively constant world
productivity growth until the Great Recession.! After that, productivity growth in
emerging economies also slowed and world productivity growth sagged.

This narrative is not affected by the inclusion of markups in our calculations.
Even though the markups we impute are large and rise over time, they only modestly
impact measured industry-level productivity growth. Instead, they primarily affect
the direct contribution of capital (because the markup-corrected share of capital in

revenue is lower) as well as the quantified effect of capital reallocation on world

1See, for example, Fernald (2015), ECB (2017), and Fernald & Inklaar (2020) for studies that
quantify the productivity slowdown in advanced economies.
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productivity growth. These shifts are not central to the main points described above.

In order to document this narrative, we make a methodological contribution and
construct a new dataset to apply our new method. Our methodological contribution
is that we develop a new global growth-accounting decomposition. It generalizes the
one in Jorgenson et al. (1987) in that it separates (world) GDP growth not only
into parts due to country-industry specific technology, hours growth, capital input
growth, and factor reallocation, but also quantifies the impact of markups due to
shifts in economic activity across countries and sectors.

Our global growth accounting method builds on three strands of the literature.
The first focuses on cross-country productivity levels using economy-wide data (Con-
ference Board, 2015; Feenstra et al., 2015). These studies do not include industry-
level data, so they do not estimate the industry origins of world productivity growth.
Moreover, they also do not formally account for the reallocation of resources across
countries, which turns out to be quantitatively important in the data.

The second strand of the literature, based on the methodology pioneered by Do-
mar (1962), Hulten (1978), and (especially) Jorgenson et al. (1987), studies produc-
tivity growth using industry-level data.? These studies analyze the industry origins
of productivity growth and the importance of the factor reallocation, but only at the
country level or for a few countries. This second strand of the literature does not
account for markup distortions in output markets. In the presence of markups of
price over marginal cost, the TFP changes quantified in these studies are, in general,
not changes in technology.

The third strand corrects country-industry TFP changes for markups (Hall, 1986;
Basu & Fernald, 1997, 2002; Baqaee & Farhi, 2019). If firms have different markups
of price over marginal cost, then society, in general, values resources differently in

different uses. Reallocating resources towards more socially valued uses then raises

2Studies in this literature include Fernald (2015) and Oliner & Sichel (2000) for the United
States, Xu (2011) for China, Das et al. (2016) for India, and Rao & van Ark (2013) for Europe.
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world TFP, even if country-industry technology doesn’t change. Intuitively, sectors
with markups have inefficiently low levels of output. Hence, shifting economic activity
towards these sectors alleviates these markup distortions and contributes positively
to GDP growth. We account for this effect by quantifying the markup-weighted
reallocation of economic activity based on relative output growth across sectors.?

The data we use are two vintages (2013 and 2016) of the World Input-Output
Database (WIOD), described in Timmer (2012) and Timmer et al. (2015); we extend
the data in several ways. The WIOD contain input-output and productivity data
for more than 40 countries and 36 industries from 1996-2014. The country-industry
combinations in our data produce about 80 percent of World GDP measured in dollars
over the years in the sample. Industry-level capital services are missing from the 2016
vintage of the data. We address this shortcoming by constructing the missing capital
services data. We also extend recent work by Barkai (2020) and Karabarbounis &
Neiman (2018) and estimate rates of pure economic profits and (under the assumption
of constant returns to scale) markups for all countries and industries.

Our main takeaways— volatile world productivity; a sizeable role for labor re-
allocation; relatively smooth country-industry productivity; and the productivity
slowdown—are robust to different measurement assumptions. They hold under the
Solow assumption of perfect competition (price equals marginal cost, Jorgenson et al.,

1987), and for TFP calculated using our markup estimates.*

3A more ambitious approach is to further decompose output growth in these sectors in terms
of their labor and capital inputs, intermediate purchases from other sectors, and technology. As we
discuss in 2.3, because of markups on intermediate purchases, the decomposition is not unambiguous:
it requires additional, specific assumptions about the shape of the production function and/or where
marginal industry output goes. Our decomposition is also closely related to Hsieh & Klenow (2009).
Our growth accounting requires little structure other than cost-minimization. We are then able to
analyze observed shifts and reallocations, taking as given the (potentially) distorted equilibrium. But
without additional structure (e.g., on the demand side of the economy), we cannot do counterfactuals
the way Hsieh & Klenow (2009) can. Fernald & Neiman (2011) also discuss links between growth-
accounting approaches and the Hsieh & Klenow (2009) approach in a two-sector setting.

4In the appendix we show they also hold when Average Labor Productivity (ALP) is used as
the measure of productivity and when output shares are measured in country-industry specific PPP
deflators (Timmer et al., 2007) rather than U.S. dollars.
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Our approach is as follows. As a benchmark, we start with the decomposition
based on Jorgenson et al. (1987). We then explain how the factor reallocation and
markup terms, in our alternative accounting identity, can be interpreted as resulting
from wedges in the factor and product markets. We are deliberately agnostic about
the sources of these wedges and do not provide a specific normative interpretation. In
the final section of the paper we discuss different reasons why such wedges could exist,
both in terms of misallocation as well as other deviations from the core assumptions
that result in market efficiency. This is particularly pertinent for the reallocation of

labor term that plays a central role in our results.

2 Global growth accounting

In this section, we introduce a growth-accounting decomposition of world GDP that
separates the parts of GDP growth accounted for by changes in technology, aggregate
labor, and aggregate capital from the parts of GDP growth driven by changes in
factor reallocation and markups.

Our decomposition draws on a long literature, starting with Domar (1962) and
Hulten (1978), tracing aggregate productivity to its industry sources. Hulten con-
sidered the case where factor prices are equalized across industries. Jorgenson et al.
(1987) go a step further in allowing factor-price differences across industries.” Basu
& Fernald (2002), Bagaee & Farhi (2019), and Baqaee & Farhi (2021) extend the Jor-
genson and Hulten results to a setup with imperfect competition. Because of these
imperfections, the same factor of production may have a different value of its marginal
product, depending on where it is used. Our decomposition builds on this literature.

The growth-accounting decomposition we develop here combines terms that isolate

®Jorgenson et al. (1987) make an even more substantive contribution in developing a compre-
hensive U.S. KLEMS dataset that allows them to implement their decomposition. Every KLEMS
dataset, including the WIOD that we use, builds on that seminal contribution.
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the impact of particular wedges in product and factor markets. It is important to
recognize that, in the presence of such wedges, there is no unique decomposition. The
one applied depends on the research question. Our aim is to isolate the importance
of growth in technology, capital, and labor for world GDP growth as well as the
quantitative effects on world GDP growth of wedges in factor and product markets.
The latter is in the form of markups.

The specific decomposition we use here is designed to do so. We discuss how
wedges result in terms related to factor reallocation and markups. Throughout the
next three sections, we focus on the positive interpretation of these terms as reflect-
ing the impact of changes in allocations on world GDP growth resulting from these
wedges. In the final section of the paper we discuss both the narrow interpretation of
these wedges as the results of misallocation as well as those resulting from other de-
viations from the core assumptions that yield efficiency in the competitive allocation.

Throughout the first part, we use the terms wedges and distortions interchangeably.

2.1 Producer level

We analyze the static cost-minimizing decisions of producers to purchase inputs, and
on how those decisions are affected by technology and factor prices. The (world)
economy has n sectors, indexed by ¢ = 1...n. Each sector reflects a particular
country-industry combination.

The producers in each sector take technology, Z;, as given.® Producers pay R; to
rent capital, W; to hire workers, and (1 + Tij ) P; to purchase intermediate inputs of
product j (so P; is the net price received by the producer of product 7). Any (implicit
or explicit) taxes on capital or labor usage are incorporated into the W; and R;. Such
taxes would affect the interpretion of some of the effects, but not their derivations.

Producers choose factor inputs, {Ki, L, {M;; }?:1}, to minimize cost:

67;, and all variables below, have time subscripts that we suppress for readability.
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RiEK; +WiLi + Y (1+7/) PM,,, (1)

J

subject to the constraint that they produce a given level of output

Y, = F, (Kz,Lz,{M?J}] . ) 2)

Producers in sector ¢ charge a price, P;, that includes a potential net markup, u;,
over marginal cost. In other words, if M C; is marginal cost, then (1 + ;) = P;/MC;.

The envelope theorem tells us that the Lagrange multiplier in the cost-minimization
problem equals marginal cost. Hence, we can write firms’ intratemporal cost-minimizing

first-order conditions for capital, labor, and intermediate inputs as

0
(1 + Hz)Rz = RFZK where FK oK, (Kza Ly, {M:J}j 17 ) ’
0
(14 p)W; = BEF | where F = 8LZF <K“L“ {Migtjs > ’ 3)
) .
(1+ ;) (1+7’)P PF/) | where Fij:aMi]F (KzaLza{M,J}] 1 ')=VJ‘

These conditions state that the value of the marginal products are a markup (1 + ;)
above producers’ nominal factor costs. We can, equivalently, express these first-order
conditions in terms of factor shares and output elasticities. For each input J in

industry 4, define §/ as the share of cost of input J; in total revenue (i.e., in nominal

Wi L,

gross output). For example, 5% is labor’s share in industry i’s revenue, AT
)

It follows that for any factor J;, the output elasticity is a markup over the factor’s

revenue share:
F/J,

S = () 5. @)

Note that, thus far, we have made no assumptions about returns to scale, i.e., the

7y,
sum of the output elasticities, ) FZ'YJZ

i
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As is standard since Solow (1957), we differentiate the production function to
express output growth, y;, as the output-elasticity-weighted growth in factor inputs
plus the contribution of technological progress. We follow Hall (1990) and use (4)
to substitute for the output elasticities (normalizing the elasticity with respect to

technology to one, FZZ;/F; = 1). This yields

v = (1 + ;) <.§1Kkz + §ZLZZ + Z §fm”> + Z;. (5)

j
With zero profits, payments to factors of production exhaust revenue and factor shares
sum to one. They sum to less than one if there are pure economic profits. We have
suppressed time subscripts, but factor shares and the markup can vary with time.

Given data on factor shares and input and output growth, any assumed markup
u; implies a value for Z;. In this sense, equation (5) can be viewed as an identity that
relates inputs, output, markups, and measured technology. Of course, Z; measures
actual technology growth only if the assumptions are correct.

Concretely, consider the Solow residual. If we assume constant returns and perfect
competition (u; = 0), then the factor shares sum to one and equation (5) defines Z;
as the standard Solow residual. It can be calculated from the data even if markups
and pure economic profits are not zero. In that case, of course, Z; is no longer (in
general) a measure of technology change, so its economic interpretation is less clear.

Aggregate output is a value-added concept, which nets out intermediate-input use.
So it is useful to re-express the industry expression (5) in terms of value added. The

Divisia definition of industry value added is

FY;
PV,

0 =

gi— Y sﬂm]] : (6)

J

Value added, as Basu & Fernald (1995) point out, is like a partial Solow residual:

It subtracts revenue-share-weighted growth in intermediate inputs from gross-output
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growth, with no adjustment for markups. It then rescales by the ratio of nominal
gross output to nominal value added from the point of view of the producer, where
PYV; = BY; — Zj (1 + TZJ) P;M; ; (i.e., nominal gross output less payments to pur-
chase intermediate inputs).

Rearranging (5), we obtain

. 223 . ~K 7 ~I,7 ~F . 1 .
’ (1+Mz’>y ( EJ: ’]> (1+Mi> .

Combining the equation with (6) yields the following expression for industry value

added growth:

0 = ;}}% (1 ﬁzuz) Ui + <51Kk’Z + SZLZZ) + 5‘2}‘/2 (1 —:lh) Z;. (8)
In this equation, s& and s’ are payments to capital and labor, respectively, as shares
of nominal value added. For example, s* = W;L;/(PYV;).

The second and third terms in equation (8) show that growth in value added
depends on share-weighted growth in capital, labor and technology.

With imperfect competition, however, value added-growth is not, in general, sim-
ply a function of these factors. Rather, as captured in the first term on the right-hand
side, imperfect competition implies that value added also grows through the growth
of profits, captured by the first term in the above equation. Gross output growth in
sectors with markups reduces the distortion caused by the markups that result in an
under-supply of goods and services in these industries (Basu & Fernald, 2002).

Throughout this paper, our decomposition includes the first term in (8) as cap-
turing this effect of markups. However, output growth, g; itself in turn depends on
the growth of technology, capital, labor, and intermediate inputs. So, in principle one
can work through the inter-industry relationships to split this into terms related to

not only industry ¢’s technology, capital, and labor growth, but also those of other
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industries through the direct and indirect deliveries of intermediates. But making the
results economically interpretable requires specific assumptions about the marginal
allocation of changes in inputs and in production in each of the sectors. In order not

have our results depend on these assumptions we refrain from doing so.

2.2 Aggregate growth accounting

Divisia growth in aggregate real GDP is value-added-weighted growth in industry real

value added:

PV
TPV

0= Z sV 0;, where s}’ and PVV = Z PYV;. (9)

Substituting for industry value-added growth from equation (8) yields

O—Z (1 5 21+stsz +ZSV3LZ +Zs (10)

A

In this expression, the Domar (1962) weights of sector ¢ are the ratio of nominal

industry gross output to nominal aggregate value added, i.e.,

o - DYi
TP

The first term in equation (10) relates aggregate output growth to the contribu-
tion of country-industry technology shocks. Dividing the Domar weight by the gross
markup, (1 + p;), removes the effect of the markup on prices from this term, so that
it values technology shocks using marginal cost rather than prices. The second and
third terms relate aggregate output growth to the contributions of country-industry
capital and labor growth. The final term captures the “extra” value added that comes
from markups and isn’t already accounted for by primary inputs or by technology.

Aggregate productivity is typically defined in terms of aggregate inputs. For
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example, aggregate labor input is given by the sum of hours across country-industries,
L =5, L, To get a representation in terms of these aggregate inputs, we add and
subtract growth in aggregate capital and labor as well as in a measure of “average”
gross output growth, 3 (defined below). The resulting decomposition, which we will
use for our analysis of world productivity, is
b= Y sPa s st g (11)
(14 ) L+ p

i

: 1. . .
+ SiDli {yi——Dy} —|—ZSZV8,LK (k,-—k:)—l—ZsleiL (li—l).
; Hi 5 ;

i

Here, the aggregate and sector-specific factor shares in value added equal

K= Z sV sK where sX = fjj and s” Z L where sF = ?/vf/ (12)
These shares include any implicit or explicit tax wedges in factor costs. For
example, labor costs are from the point of view of employers. s” = s is the
aggregate Domar Weight (which exceeds one), § = Y, sPy,; is Domar-weighted gross-
output growth and - = S% >8P 1—+L measures average markups.

Equation (11) allows us to account for the drivers of growth in real value added
in the world economy. The first three terms in the first line are the direct effect of
technology and the contributions of growth of aggregate capital and labor. The final
term in the first line can be interpreted as the average effect of changes in markup
distortions in product markets, which Hall (1986) and Hall (1990) emphasized. As
the first-order conditions (in elasticity form) (4) show, the output elasticity of each
factor, including intermediate inputs, exceeds its revenue share.

The terms in the second line account for reallocations of productive resources

in the world economy among country-industries with different markups or that face

different factor costs. The first term captures the weighted covariance between output
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growth and markups. (As a covariance, the weighted average ¥ is rescaled by S%;
that rescaling controls for the fact that the Domar weight s” exceeds one). This term
captures the fact that aggregate output grows if industries with higher markups (and,
therefore, a higher wedge between marginal rates of transformation and marginal rates
of substitution) grow faster. Firms with monopoly power underproduce relative to
the social optimum; as Basu & Fernald (2002) point out, shifting resources towards
firms with higher-than-average markups means shifting resources towards where they
have a higher social value, which increases aggregate output.

The final two terms reflect reallocations of capital and labor input. To understand
these terms better, consider a rearrangement of the labor-reallocation term; the in-
tuition for the capital-reallocation term is analogous. First, define the cross-sectional
(across countries and industries) world average gross hourly wage in a given year as
W = (3, WiL;) /L. Second, note that, since world hours are the simple sum across
country-industries, growth in world hours is

-y (B)i- > (%) i (13)

%

In the definition of labor reallocation, we use (13) to substitute for /. We note

that s} sk = % and the aggregate labor share is s = ?—‘f = Z% We find:

;sysf (ll — l) = Z (W%‘/W)Ijj I; (14)

%

_ PLVZW—W) dL;. (15)

Thus, mechanically, the labor reallocation term reflects the covariance of country-
industry (gross) wages and changes in labor input (where dL; = L;l;). If wage differ-
ences do not covary with labor input changes, then labor reallocation is zero.

In Section 4, we find this labor reallocation term is quantitatively important, both
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on average and for volatility. The reason is that wages differ substantially across
countries. From the first-order conditions, wage differences correspond to differences

in marginal products. Section 5 discusses normative interpretations of this term.

2.3 Discussion of alternative aggregation equations

Our decomposition in equation (11) differs from others in the literature. We discuss
the key differences here. Our starting point is the observation that alternative de-
compositions can all be interpreted as accounting identities. That is, all of them are
equally “correct” in an accounting sense, in that all of them decompose the aggregate
data perfectly. As noted in Section 2.1, this requires that the technology residuals
z;’s be calculated using the same pu;’s used in the rest of the decomposition. Some
decompositions also add additional structure in order to allow further interpretation
of the terms. Importantly, if the benchmark assumptions are not correct, the various
terms may not have a clear economic interpretation.

Hulten (1978) derives the baseline neoclassical case with an efficient allocation
and no distortions in product and factor markets. In (11), that is the case where all
net markups are zero (for all 7, 1; = 0) and all country-industries face the same factor
prices (e.g., for labor, W; = W for all i).

Jorgenson et al. (1987) retain the no-markup assumption, but allow for factor-
market distortions. This is the special case of (11) in which all markups are zero,
but the factor reallocation terms are not. If there are, in fact, markups, then the
missing markup terms in (11) will affect the measured capital share (and thus capi-
tal’s contribution to growth), the capital reallocation term, and the country-industry
technology term. The labor terms are not affected.

Where we differ from other papers is how we handle the existence of markups.
With markups, there is no unique decomposition of aggregate output into its industry

sources, because the effect on output depends on how the extra output is allocated
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across industries. The first-order conditions in (3) show that markups create a wedge
between the “cost” of a factor and the value of its marginal product.” The social
value of the marginal product depends on the markup of the purchasing industry.
As a result, if markups differ across industries, then the effect on aggregate output
depends on how the extra output is allocated across uses.

Basu & Fernald (2002) contain the first industry-to-aggregate sources-of-growth
decomposition with markups. To split aggregate output growth into parts due to
capital, labor, and technology, they impose assumptions about how marginal output
is allocated. They addressed the ambiguity that arises with markups by explicitly
(p. 979) deciding their decomposition should be correct in the context of then-typical
representative-agent models with imperfect competition (e.g., Rotemberg & Woodford
(1995)). Those models assume that gross output and intermediate inputs are used
in fixed proportions.® If, in fact, this Leontief assumption does not hold, then the
Basu-Fernald identity has an additional term for the reallocation of intermediate
inputs. This term is interpretable in the context of the symmetric Basu (1995) model.
Other studies, e.g. Petrin & Levinsohn (2013), Osotimehin (2019) and, more recently,
Baqaee & Farhi (2019, 2021), have made different assumptions about this allocation
rule. For example, Baqaee & Farhi take as their benchmark for measuring aggregate
technology the case where, following an industry technology shock, all uses of industry
output expand in equal multiplicative proportions.

In contrast, our decomposition in (11) does not make any assumptions about

this marginal allocation rule. As a result, it does not split the effect of markups up

"It is the value of the marginal product (P;0F;/d.J;, for any input J;) that matters for aggregate
output, not just the marginal revenue product (%(‘3Fl /0J;). The reason is that aggregate output
is valued using prices (marginal rates of substitution).

SIf intermediate inputs and gross output are used in fixed proportions (y; = 1m; =
(32, 811 5) /51" where 3} = 37, 5]), then it is straightforward to show that industry value-added
growth can be written so that it does depend just on primary input growth; there is a “value-added’
markup multiplying share-weighted primary input growth that exceeds the gross-output markup ;.
Otherwise, intermediate input changes also affect industry value added (see Basu & Fernald (1995)).
This illustrates why it is necessary to make assumptions about where marginal output goes.
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into parts due to technology and factor input growth across the different sectors in
the world economy. Instead, (11) isolates each distortion (markups and factor-price
differentials) into distinct terms in the decomposition.”

We view this generality as a virtue, since we do not require strong assumptions.
However, it comes at the cost of not having a complete sources-of-growth analysis

tracing movements in aggregate output to country-industry capital, labor, and TFP.

3 WIOD-data

For the empirical implementation of our global growth accounting method with dis-
tortions, we use Socio-Economic Accounts (SEA) data from the WIOD. The reason
we use these data is that it is the only productivity dataset that covers a broad set
of industries across the major world economies.’® Two vintages of the WIOD have
been released, one in 2013 and one in 2016. We calculate results using both of them.

To implement our continuous-time equations, we use Tornquist approximations.
Growth rates of all variables are log-changes, and time-varying factor shares for any

given year t are the average share in years ¢ and t — 1.

3.1 Comparison across vintages and with other data sources

The two vintages differ somewhat in the industries, countries, and years covered. The

two vintages contain an overlapping period from 2000-2007. We use this period in the

90ne additional difference between our analysis and that in Baqaee & Farhi (2019, 2021) is that
we do not transform all “distortions” (including differential factor prices) into markups. This turns
out to be important, because the effects of markups and differential factor prices yield three separate
terms in our decomposition that each coincide with terms already used in other growth accounting
decompositions. Hence, our derivation helps show how the decomposition in Bagaee & Farhi (2019)
is related to conventional growth accounting results.

100ther datasets, like Conference Board (2015) and Feenstra et al. (2015) provide aggregate
data only at the country level. The closest alternative dataset is the Organization for Economic
Cooperation and Development (OECD)’s STAN database (OECD, 2017), which covers fewer years
and countries than the WIOD data we use.
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rest of the paper to compare results across vintages to make sure that there are no
major qualitative differences in results due to differences in countries and industries
covered as well as methodological differences in the construction of variables.

Table 1 compares the two vintages of the WIOD that we use. The top part of
the table shows the difference in coverage between the vintages in terms of years,
countries, and industries.

The sample of countries is largely comparable across vintages. The 2016 vintage
contains three additional countries, namely Norway, Switzerland, and Croatia. These
countries are relatively small, so the average share of world GDP covered is similar in
the two vintages. At times, we aggregate our results into regions or country blocks.

We also present results for major sectors of the economy. Each sector comprises
ISIC industries for which the WIOD data are reported. Even though the 2016 vintage
of the data contains many more industries than the 2013 vintage (see Table 1), the
major sectors that we focus on are consistent over time and across vintages.'!

Two differences between the vintages are important to note for the interpretation
of our results. First, there is a discrepancy between the two data vintages in terms of
hours growth. In particular, hours growth in the 2001-2004 periods is half as much
in the 2016 vintage as in the 2013 vintage. This is largely due to the different ways
hours growth in China and India is constructed in the two vintages.!? Second, the
2016 vintage does not contain data on capital price deflators. We supplement the
available WIOD data and construct such deflators using data from OECD (2017).

For the overlapping years, aggregates from the two vintages line up closely, as well
as with world-level aggregates from the World Bank (2018).!3 Figure 1 shows that real
GDP growth in the WIOD data mimics that of world GDP.'* World GDP accelerates

HRegions, country blocks, major sectors are listed in Tables D.14 and D.15 in Appendix D.2.

12We discuss these differences in more detail in Appendix D.2.

13Value added in World Bank (2018) is measured at purchaser’s prices while WIOD-SEA value
added is reported at basic prices. The difference is taxes on products and imports, i.e. 77 in our
theoretical framework. Of course, our data also do not cover all countries in the world.

14Gee Appendix D.1.1 for a comparison of nominal GDP measures.
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after 2000 up until the Great Recession in 2008. Global economic activity shrank in
2008, before accelerating again during the recovery phase of 2009-2014. In the World
Bank (2018) data, world real GDP growth is a bit higher after 2002, because our
sample of countries does not include some fast-growing emerging economies.

So, our sample covers more than three quarters of the global economy and the
growth rate of GDP that we decompose in the rest of this paper closely resembles

that of the world economy.

3.2 Mapping decomposition to data

The WIOD-SEA dataset contains measures that correspond to many of the terms
in (11): Nominal and real gross output, labor inputs, and compensation. What is
not directly reported, for one or both of the vintages, are measures related to capital

inputs and markups.

Gross output and value added: Nominal gross output, P;Y;, nominal value added,
PYV;, along with quantity and price indexes are directly reported. The growth in

real gross output, 7;, and real value added v; can be calculated directly.

Labor input and compensation: Hours, i.e., labor input, L;, are included in the data
for all industries and countries and the growth rate of hours, ii, can thus be directly

calculated. In addition, the compensation of labor, i.e. W;L; is also directly reported.

Markups and payments to capital: To implement our growth accounting equation,
(11), we require markups for all industries. Relatedly, we need capital shares based
on required payments to capital, which do not include pure profits. We estimate
required payments to capital and infer the level of markups, u;, in a similar manner
to Barkai (2020) and Karabarbounis & Neiman (2018).

The part of nominal value added that is not paid to labor consists of required

payments to capital plus pure economic profits. Denoting profits by II;, we can write
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PYV; = W,L; = R;K; +11,. (16)

We first estimate required payments to capital, R;K;, and then impose constant
returns to scale to back out a markup consistent with the implied profit rate.!® First,
we follow Jorgenson (1963) to estimate a required return on capital, R;, by assuming
that the nominal capital service flows equal a real cost of capital multiplied by the
nominal replacement value of the capital stock. The cost of capital consists of a
nominal return on capital corrected for depreciation and capital price inflation. We
use the 10-yr BBB U.S. nominal corporate bond rate as the nominal rate.'6

Second, to back out the country-industry-specific markups from the profit esti-
mates, we follow much of the recent literature and assume constant returns to scale

at the industry level. Under this assumption, profits equal IT; = (; /(1 + ;) BY;. 7

3.3 Value-added and factor shares

In some form or another, all our results based on (11) are weighted averages of growth

rates across industries by country. The weights are the country-industry shares in

5Recent literature (e.g., Karabarbounis & Neiman (2018)) points out that “profits” potentially
include payments for unmeasured capital, notably intangible capital, as well as pure economic profits.
Hence, if the accounting identity in (16) is applied to data that does not include these and other
intangibles, then the right-hand side includes the implicit compensation net of the implicit investment
flow. Even our measures of standard capital do not include land or inventories. As a result, we are
bound to find higher profit estimates than datasets that do include these types of capital.

16Qualitative results are similar using the 10-year U.S. treasury yield, e.g. Schmelzing (2017).

1"Baqaee & Farhi (2019) use direct estimates of firm-level markups from De Loecker et al. (2020).
The magnitude of these estimates hinges on what is assumed to make up variable costs for firms
(Traina (2018)); estimates are also not available for all countries. More importantly, in our aggregate
growth accounting framework such firm-level markups would not be the right measure: They would
also be non-zero in the case of Hopenhayn & Rogerson (1993), where industry technology has
constant returns to scale and the market allocation is efficient, even though firms charge a markup
to cover entry costs or fixed operating costs. Hall (1990) and Basu & Fernald (1997) estimate
industry returns to scale and markups jointly, but their data-intensive approach is not possible with
1400 industries in 40 countries. The constant-returns-to-scale assumption is not innocuous here.
For example, Ruzic & Ho (2021) find that in U.S. manufacturing, profit rates rose in the 1990s and
2000s despite roughly constant markups, because returns to scale fell (from increasing to constant).
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world value-added (in current U.S. dollars).

In terms of current U.S. dollars, the U.S. and Japan are the two largest individual
economies, together covering more than 40 percent of world GDP. The share of the
U.S. and Japan in world GDP has declined over the 19 years in our sample. This is
mainly because of the relatively strong growth performance of China, whose value-
added share increased by 10 percentage points.

Manufacturing, Trade, and Finance, Insurance, and Real Estate (FIRE) are the
sectors with the highest value-added shares. These shares do not fluctuate much
across the subperiods we consider.

The other shares that matter for our analysis are factor shares. Figure 2 plots the
global factors shares from 1996-2014 for both vintages of the data. It reveals that the
global labor share has declined, as documented by Karabarbounis & Neiman (2014).
However, the decline in the labor share pales in comparison to the movements in the
factor shares of capital and profits. Just like Barkai (2020) for the United States, we
find that the capital share in world GDP has declined substantially, by more than 10
percentage points, since 1996. The joint declines of the labor and capital shares are
absorbed by an increase in the profit share. By the end of the sample, pure profits in
our estimates amount to nearly 20% of world GDP.

These profits are concentrated in manufacturing, trade, and FIRE. Most notably,
profit rates in FIRE showed the largest increase over the sample. Markups are par-

ticularly high in manufacturing in China and in FIRE in the United States.

4 Results

We use the two WIOD vintages to construct annual estimates of each of the compo-
nents of equation (11). The key takeaways from this section are that (i) world produc-
tivity growth is volatile from year to year or over multi-year periods; (ii) Reallocation,

particularly labor reallocation, explains the bulk of the high-frequency volatility in
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world productivity; (iii) Underlying country-industry productivity growth is relatively
smooth; and (iv) the productivity slowdown in advanced economies was first masked
by high productivity growth in India and China and only showed up in world TFP
growth since the Great Recession.

As a baseline, we start with a restricted decomposition that assumes no-markups,
which amounts to a global version of Jorgenson et al. (1987). We then drop the no-
markup assumption and present the results for the general decomposition implied by
(11). Our key takeaways are robust to whether or not markups are included.

We group the results by WIOD vintage and, further, into five subperiods: (i) the
1990’s expansion, 1996-2000, (iz) the 2001 recession and recovery, 2001-2004, (i)
the mid-2000’s expansion, 2005-2007, (iv) the Great Recession and early recovery,
2008-2010, and (v) the recovery from the Great Recession, 2011-2014, which is the
period of the Euro crisis in many countries in our sample.

The 2001-2004 and 2005-2007 periods exist in both WIOD vintages, allowing for a
direct comparison of results. We focus primarily on the qualitative results that both

vintages have in common, rather than on the precise numbers.!®

World TFP growth without accounting for markups

Following Jorgenson et al. (1987), we implement equation (11) assuming net markups
are zero everywhere. Table 2 shows the results by subperiod for the two vintages.
The rows correspond to components of equation (11). Line 1 of the table shows world
GDP growth in each period. During the Great Recession period (2008-10, shown in
the 2016 vintage), output grows much more slowly than in any previous period; it is
followed by a sizeable recovery in 2011-14.

Line 2 shows the contribution of aggregate capital growth, sXk, to world GDP

growth for the subperiods in our data. There is a substantial discrepancy between

18GQection D.1 of the Appendix includes the underlying details relevant for the points we make in
the main text.
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the two vintages for the overlapping periods 2001-2004 and 2005-2007. This mainly
reflects the lower labor share (and, hence, higher residual capital share, 1 — s”) in the
2016 vintage, as shown in Figure 2.

Line 3 shows the contribution of growth in world hours to world GDP growth.
Comparing the 2001-2004 and 2005-2007 periods across vintages, one can see the
discrepancy in hours growth across vintages that we discussed in Subsection 3.1.
Specifically, the contribution of world growth in hours in the 2016 vintage was 0.77
percentage point lower from 2001-04 than in the 2013 vintage, but then was 0.25
percentage point higher from 2005-07.

These revisions of both the capital and labor contributions between vintages,
though large, do not substantially affect the key takeaways from this section. Lines 4,
8, and 14 show the first three takeaways. Line 4 reveals the first one, that world TFP
growth is volatile across the five subperiods that we consider. It is highly procyclical
with the world business cycle, as captured by world GDP growth.

Line 8 shows our second takeaway, that the bulk of the volatility in world TFP
growth arises from labor reallocation. Lines 9 and 10 show that this is mainly due
to the reallocation of hours across countries as opposed to within countries.!” As
equation (14) shows, this term reflects the covariance between wage levels and hours
growth. In line 8, the term is, on average, negative because labor has typically
increased faster in country-industries with lower-than-average gross wages—notably,
emerging markets, which saw higher population and economic growth rates over this
period. Moreover, during recessions in industrialized countries, as in 2001 and 2008,
the hours growth gap between industrialized and emerging economies is larger and,
as a result, labor reallocation contributes more negatively to world GDP growth.

Line 14 shows the third takeaway: The country-industry component of TFP

growth, > i Jrlu_ ) sPz;, is much less volatile than world TFP growth. Country-industry

19 Appendix A details how we decompose terms into within- and across-country.
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TFP growth was relatively strong prior to 2008, and then (looking at the 2016 vin-
tage) declined markedly. Country-industry TFP growth was modestly negative from
2008-10 and was only weakly positive from 2011-2014.

In addition to these three takeaways, Table 2 shows sizable effects of capital re-
allocation (capital’s analogue to the labor reallocation term (14)). Lines 6 and 7 of
Table 2 are positive, implying that capital grows faster in industries and countries for
which the implied internal rate of return to capital (i.e., the implied marginal product
of capital under the assumption of no markups) is higher. Most capital reallocation
occurs between industries within countries (Line 6) rather than across countries (Line
7). Capital reallocation is largely due to two sectors: trade, transportation, and util-
ities as well as business services. Capital reallocation across countries accounts for a
much smaller part of world GDP growth.

Though these results based in Jorgenson et al. (1987) are a useful benchmark,
our estimates imply that profits make up a substantial, and increasing, fraction of
world GDP. These results ignore this evidence. So, we now redo our decomposition

accounting for the role of markups.

World TFP growth with markups

Table 3 shows that our first three main results also hold when we explicitly account
for markups. As in Table 2, this can be seen from line 4, which shows the volatility in
world TFP; line 8 (which is identical to line 8 of Table 2), which shows the volatility of
labor reallocation; and line 14, which shows that country-industry TFP is relatively
smooth up until the Great Recession.

Still, even if the main takeaways remain, there are some notable differences. First,
a substantial part of the growth contribution of aggregate capital from Table 2 is
attributable to markups in Table 3. This can be seen by comparing Line 2 in the

former with Lines 2 and 11 in the latter. The reason is that, without markups,
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capital’s weight was (1 — s’). With markups and profits, however, this weight is split
between capital and profits, s + s'. In fact, accounting for markups reduces the
measured contribution of aggregate capital growth to world GDP growth by 0.26 and
0.57 percentage points in the 2013 and 2016 vintages of the data respectively.

Not only is the contribution of capital to world GDP growth lower when we account
for markups, it is also remarkably constant, with a mean of 0.78, across subperiods
and vintages. Moreover, the large differences across vintages in the contribution of
aggregate capital growth for the periods 2001-2004 and 2005-2007 that we found in
Line 2 of Table 2 almost disappear.

Compared with Table 2, the lower contribution of aggregate capital growth results
in somewhat higher world TFP growth in line 4 of Table 3. That said, world TFP
growth remains quite volatile across subperiods and slows substantially after 2007.

A second, and big, difference between the results with and without markups is
the implied contribution of capital reallocation, reported in Lines 5 through 7 of the
respective tables. After accounting for markups in Table 3, the measured effect of
capital reallocation within countries (line 6) is small, particularly in the 2016 vintage.
Intuitively, suppose a country-industry had a large markup. When we didn’t account
for the markup, then the large apparent economic profits were attributed to the user
cost of capital, R;, in order to make the accounting identity (16) hold. Hence, much
of the apparent contribution of capital reallocation in the no-markup Table 2 reflected
that sectors with high profit rates (rather than high user costs) had relatively fast
capital growth. That is, we were conflating markups with differences in capital rental
rates (and implied marginal products of capital). With or without markups, the effect
of changes in the cross-country reallocation of capital (line 7) remains negligible.?

Lines 11 through 13 of Table 3 report the impact of markups on world GDP

20The reader might wonder why there is any capital reallocation term left, given we assume
the same nominal return everywhere. The user-cost differences reflect differences in the levels and
growth rates of capital deflators, which in part arises from the mix of types of capital (which we are
not able to control for). Similarly, there are cross-country differences in average depreciation rates.
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growth. These shifts add around half a percentage point annually to world GDP
growth over the period we consider (Line 11). The bulk of this is due to changes in
the average markup distortion (Line 12). Our detailed results indicate that the effect
of shifts in markups across sectors (Line 13) on world GDP growth is mainly due to
manufacturing, trade, and FIRE in China and the United States.

Finally, Line 14 of Table 3 lists the part of world GDP growth accounted for by
country-industry specific TFP growth. The picture here is very similar to the no-
markup case in Table 2. Before 2008 the contribution of country-industry specific
TFP growth to world productivity was relatively constant at around 1.2 percent.
After that, country-industry specific TFP growth declined to near zero during global
financial crisis and recovered only modestly afterwards.

It is striking that allowing for markups makes so little difference to line 14, even
though the country-industry technology is measured differently in the presence of
markups. Rather, the effect of markups in line 11 largely comes out of a reduced
contribution from capital (line 2) and within-country capital reallocation (line 6).

Figure 3 summarizes our first and third main takeaways graphically. It shows the
time series of the estimates of World TFP growth by vintage and its country-industry
components. For both vintages World TFP growth is much more volatile than its
country-industry components.

The low volatility in the country-industry components before the Great Recession
masks a shift in technology growth from advanced economies to emerging economies.
This can be seen from Table 4, which splits Line 14 up by country. For both vintages of
the WIOD, the table shows a marked reduction in the contribution of country-industry
productivity growth of industrialized countries to World GDP growth that is offset
by increase of the contribution of emerging economies, especially China. Since the
Great Recession, growth in country-industry productivity has been markedly slower,

dragged down by the contributions of both advanced and emerging economies.
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5 Interpreting markup and factor reallocation terms

So far, we have interpreted the reallocation terms in equation (11) in a positive, or
descriptive, way. Mechanically, as noted earlier, labor reallocation reflects the covari-
ance of wage levels with labor input growth. But markups and differences in factor
prices are often taken as evidence against allocative efficiency. This consideration
suggests a normative interpretation of the markup and factor-reallocation terms.

From a normative point of view, the reallocation and markup terms can be in-
terpreted as deviations from the benchmark efficient allocation considered by Hulten
(1978). In the context of our analysis, efficiency requires five main assumptions that
we now discuss: (7) No markups in product markets; (iz) no wedges between fac-
tor prices and marginal revenue products; (éiz) comparable units of measurement of
different types of capital and labor inputs; (iv) perfect tradability of output of all
sectors; and (v) perfect mobility of production factors.

We now revisit each of the terms in (11) and discuss how they can be interpreted
as deviations from one or more of these five assumptions. Deviations from the first
two have clear normative implications in terms of misallocation. Deviations from
the third and fourth suggest that the apparent labor reallocation might arise from
measurement issues. The fifth suggests that the labor reallocation might not have a

clear normative implication at all.

() Markups and product market distortions

The last term in the first line and the first term on the second line of (11) capture the
effects of markups. In a direct growth accounting sense, these terms capture the fact
that, with markups, the revenue-share-weighted growth in primary inputs doesn’t
capture the full productive effect of capital, labor, and intermediate input usage.
Clearly, markups are also related to static efficiency and welfare. Markups most

obviously lead to static efficiency losses by, for example, distorting the labor-leisure
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choice; or by distorting producers’s choices about the use of intermediate versus pri-
mary inputs. Note also that we quantify the impact of resource changes starting from
an already distorted allocation. In that case, output in sectors with high markups is
relatively undersupplied. The markup term on the second line of (11) captures that
output growth in sectors with markups alleviates this distortion.

Of course, the full dynamic general equilibrium effects of markups and the tradeoff
between static markup distortions and dynamic Schumpeterian gains from innovation
are complicated. We take the path of markups and technological change, Z;, as given
and without considerably more structure, which goes beyond the scope of this paper,

we cannot quantify the full endogenous effects of markups.?!

(#1) Wedges between factor prices and marginal revenue products

In addition to markups, a second deviation from baseline efficiency considerations is

DEJ0J;).

wedges between factor prices and marginal revenue products, (1 o

Equation (15) showed that labor reallocation reflects the covariance between com-
pensation per hour worked paid by employers and hours growth. In order for this
covariance to be non-zero, there must be cross-industry variation in compensation
per hour, W;. Taxes, or other wedges, are one potential source of such variation. For
example, a labor income tax paid by the employer would cause a wedge between the
employers’ cost of employee compensation and the take-home wages of workers.

For example, suppose that wages differ by country-industry because of differential

taxes on labor, 7. Then W; = W (14 7F) and W(1+7L) = W (1 +7'_L> Labor

reallocation is then

L

Zz-:si <l_>_sLZ<1+_:> (i-1). (17)

2'Edmond et al. (2018) discuss the costs of markups in the context of a fully-specified model, and
provide references to this literature.
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It reflects the change in output due to the shift in the distribution of hours across
industries towards industries with higher distortionary taxes and, hence, a higher
gross wage. For given markups, the value of the marginal product (the right-hand
side of the first-order condition (3)) rises if the gross wage rises (the left-hand side).??

Similarly, in principle, cross-industry differences in distortionary taxes on capital
income show up in the capital reallocation term. That said, the way we measure
markups may suppress this effect because we impose that the internal rate of return
in all sectors is equal to the BBB corporate bond rate (without a capital tax correction,
which we lack the data to implement). Thus, in our calculations with markups in
Table 3, cross-industry variation in capital taxes will be captured by the markup
terms.

A final set of distortions are those that affect factor demands for intermediate
inputs, i.e. Tij . We do not explicitly account for them because they have been taken
out during data construction. The reason is that the value added measures in the
WIOD are at basic prices and are calculated using intermediate input costs measured
at purchaser prices, i.e. the equivalent of (1 + Tij ) P;. The reallocation terms of labor
and capital that we find can be interpreted as capturing wedges in capital and labor
markets conditional on the intermediate input demands that have been affected by

J

T

(#2) Comparable units of measurement of different types of labor

A quite different interpretation of the labor reallocation term is that it could reflect
cross-country differences in worker skills. Because of data limitations, our baseline

unit of measurement of the labor input is hours worked. Suppose total hours don’t

22The value of the marginal product also depends on the markup, as captured in the markup
terms in (11). Labor reallocation completely accounts for the change in output if there are no net
markups (p; = 0), as well as no changes in country-industry technology z;, aggregate L or K, or
in the distribution of K;: | = k = 0, and for all 4, 2; = k; = 0. With these assumptions, the only
change in the economy is in the distribution of L; across country-industries.
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change, but the hours shift towards higher marginal product locations (as measured
using wages). Then this “reallocation” increases output, despite no change in total in-
puts or in technology. Subsection (i) interpreted the wage and marginal productivity
differentials at face value, and so a reflection of inefficiency.

However, any efficiency interpretation of labor reallocation assumes that the ef-
ficiency units of labor per hour are the same across country-industry combinations.
A plausible alternative explanation, with a very different normative interpretation, is
that the large labor reallocation term arises from worker productivity differences—
most saliently, arising from differences in educational attainment—that are “embod-
ied” in workers. There are large differences in human capital across countries.?

Though we are not able to fully account for such human capital differences, we
are able to implement a crude human capital adjustment in the 2013 vintage of
WIOD (through 2007). This vintage provides information on industry labor hours and
compensation based on three broad skill groups (low-, medium-, high-skilled).?* These
data allow for a simple accounting of cross-country differences in skill distributions.
First we look at the sources of variations in wages based on skill group and decompose
the variance of wages into within country, cross-country, and cross-skill variances.?
The results are reported in Table 5. Similar to the previous studies of wages across
countries, most of the variation in wages come from cross-skill variations. This points
to the importance of skill composition for wages across countries.

To incorporate different types of labor in our decomposition, we treat the hours
worked by each of these skill groups as a separate factor of production, L], where

T € {L, M, H}. The production function from equation (2) becomes

28ee for example, Klenow & Rodriguez-Clare (1997), Prescott (1997), Hall & Jones (1999),
Hendricks (2002), Caselli (2005), Schoellman (2011), and Hendricks & Schoellman (2017).

24Labor skill types are classified on the basis of educational attainment levels as defined in the
International Standard Classification of Education (ISCED): low-skilled (ISCED categories 1 and
2), medium-skilled (ISCED 3 and 4) and high-skilled (ISCED 5 and 6).

25The details of the mathematical derivation are in Appendix B.
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Vim (K E L L (Y ). "

The resulting decomposition of aggregate TFP growth differs from the ones we
presented before in three ways. First, aggregate growth of the labor input is measured
as a share-weighted average of growth in hours of each skill group. Second, this
redefinition also affects our measures of aggregate and industry TFP, since each type
of labor is effectively treated as a separate input.?® Finally, and most importantly,
labor reallocation in this case is a weighted average of labor reallocation across the
three types of labor.?”

Table 6 shows the results of the decomposition with three skill types. Three things
stand out from this table. First of all, comparing line 3 with that in Table 3, shows
that accounting for the skill distribution increases the contribution of hours growth
to World GDP. This indicates that labor quality has been growing over time. For the
full 1996-2007 period shown in Table 6, the gap is about 0.7 percent per year. This
reflects the rising educational attainment around the world over this period.

Second, the earlier finding regarding the importance of cross-country labor reallo-
cation is robust to this extension. Comparing Lines 7 and 11 shows that, as before,
the volatility of world TFP growth is mainly driven by the cross-country labor re-
allocation term; country-industry TFP growth (Line 21) remains very smooth. The
cross-country labor reallocation term not only fluctuates a lot, but lines 16 through
19 show that its contribution to world TFP growth is almost always negative for each
skill group. Thus, even within skill groups, hours typically grow faster in countries

with relatively low wages.

26The production function in (18) allows for shifts in the contribution of labor “composition,” or
“quality.” For example, suppose that total hours are constant, but the composition shifts towards
the high skilled. Since the high-skilled wage is higher, effective share-weighted labor input increases.
For industry TFP, the contribution from hours shifting (at least on average) to the high skilled was
previously attributed to technology.

2"We defer the details of this decomposition to Appendix C.
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Third, the magnitude of the labor reallocation term is larger in Table 6 than in
Table 3. This is because the inclusion of the three skill levels increases the weight of
country-industry wage differentials for high-skilled workers relative to the other two
skill groups. This is the group for which wage differentials are the highest.

To see why this is the case, it is important to realize that controlling for human
capital (skills) can cause the labor reallocation effect to become either less or more
negative. This is because there are two reasons why wages might be lower in one
country than another. First, the low-wage country might have relatively more low-
skilled labor. Second, within skill categories, wages might be lower in the low-wage
country. In the data, both explanations appear to hold.

Suppose there are two countries, and that within skill categories, wages are equal-
ized across countries. One country has more low-skilled workers, so it is (on average)
a low-wage country as well. Since workers with the same skills earn the same wage in
both countries, there is now, by construction, no labor-reallocation effect within skill
groups. When we disaggregate by skills, the overall labor-reallocation term is the
sum of labor reallocation within skill groups—so it is also zero. However, if we do not
disaggregate by skill groups, we would measure a negative labor reallocation effect
when (total) labor hours grow faster in the low-skilled (low average-wage) country.

In the second case, however, the reallocation effect can easily become more nega-
tive when we disaggregate labor. Suppose both low- and high-skilled workers are paid
less in the low-wage country. Suppose also that there is no overall labor growth but
that, over time, some workers in the low-wage country gain skills and become high-
skilled. Hence, within the low-wage country, low-skilled labor falls while high-skilled
labor grows. In the high-wage country, there is no change in the number of low-
or high-skilled workers. In this example, high-skilled labor is growing relatively fast
in the low-wage country, so there is a negative high-skilled labor reallocation term.

On the other hand, there is a positive low-skilled reallocation term, since low-skilled
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workers are growing relatively fast in the high-wage country.

For all three skill groups, the cross-country wage differentials are an order of mag-
nitude larger than those within countries. As a result, the across-country reallocation
of labor terms are much larger than those within-country in Table 6 as well as in
Tables 2 and 3.

Of course, the three skill groups are crude — capturing only broad buckets of years
of schooling, and with no controls for the quality of education — and might thus not
fully capture cross-country differences in skill mix. However, evidence from individual-
level data with more refined skill measures is consistent with our main finding that the
labor reallocation terms are not solely driven differences in observed worker skills. It
shows that workers with a given skill level earn higher wages (and are more productive)
in some country-industries than in others. For example, Hendricks (2002), Schoellman
(2011), Hendricks & Schoellman (2017), and Hendricks & Schoellman (2022) use the
wages of immigrants before and after migration to quantify cross-country differences
in wages per unit of human capital. These studies show that, after controlling for
selection, wage gains from migrating to the U.S. are large. They are larger for workers
who earned lower wages in the country of origin than for workers with high wages in
those countries and vary between a factor of 2 to 4.2%

Thus, if wages per unit of human capital reflect marginal products of labor mea-
sured in constant quality units, then our observation that hours grow faster in coun-
tries with lower wages implies that hours grow faster in countries with lower wages
per unit of human capital. Hence, correcting for human capital does not overturn our
qualitative conclusion that the reallocation of labor is a drag on world TFP growth

as well as being a substantial source of volatility.

28This comes from table 3 on page 13 of Hendricks & Schoellman (2022).
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(4v) Imperfect tradability of output and deviations from PPP

Our results so far are based on world output being measured in current dollars. This
is the appropriate measure if all output is perfectly tradable and Purchasing Power
Parity (PPP) holds. To allow for deviations from PPP, we calculated a set of results
with PPP-deflated industry value added, using deflators constructed using data from
Timmer et al. (2007) for the base year. The main qualitative results we discussed in
the last section also hold for this data that is corrected for PPP deviations.?

The most notable impact of using PPP-weighted results is that labor reallocation
is less important. A portion of cross-country labor reallocation in the dollar-weighted
results in Table 3 reflects economic activity shifting to sectors with an international
cost advantage. These are industries with low relative wages compared to relative
productivity levels—most obviously, manufacturing in China and India.

However, our results imply that deviations from PPP account for only about a
third of the total impact of labor reallocation reported in Table 3. Thus, even after
adjusting for PPP, labor reallocation remains a drag on world GDP growth as well

as being an important source of volatility in world TFP.

(v) Imperfect mobility of production factors

In our efficient global benchmark, to equate the marginal product of labor across
country-industry combinations, labor needs to be perfectly mobile. So, the large
labor reallocation term arising from wage differentials could reflect barriers to cross-
border mobility. Most obviously, because of immigration restrictions, workers cannot
freely cross borders to arbitrage wage and productivity differences. Such movements,
if they were possible, would raise world productivity, since labor would grow in high-

wage (high-productivity) country-industries and shrink in low-wage ones. For given

29Table D.9 contains a summary of the results. A detailed description of the methodology is in
the Appendix D.2.4.
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global labor input, these movements would thus raise global output as well.

Conceptually, this is similar to changes in spatial misallocation discussed by Hsieh
& Moretti (2019). They argue that, based on productivity differences, there are too
few people working in high-productivity San Francisco and New York, and too many
working in less productive (and less-densely populated) U.S. regions. If, for any
reason, labor input grows faster in high-productivity locations, then this source of
misallocation will fall.

Globally, the same force is at work. Productivity in car manufacturing is much
higher in Germany than that in Mexico. This means that, from a global perspective,
there is a misallocation of production factors from the point of view of maximizing
global output. World GDP would increase if we could move resources, including
workers, from Mexican to German car manufacturing.

However, the normative interpretation of wage differentials arising from labor im-
mobility are unclear. For example, suppose the lack of worker mobility across regions
and countries reflects worker preferences. Even within a zone with free labor mobility,
such as the European Union, a given worker may prefer to live in a particular location
because of family, friends, language, culture, geography, or other non-pecuniary rea-
sons; they are willing to accept a lower wage to do so. In this case, moving the worker
would raise productivity and output, but it would not be Pareto efficient because the
worker would be worse off in non-pecuniary ways. This might be one reason why,
even within the EU, the labor reallocation term is not zero.?"

Moreover, the welfare interpretation of legal impediments to labor mobility are also
unclear. There is no presumption that allowing free factor mobility would necessarily
increase the social welfare function for both the source country, and the recipient,
of the factor flows. Thus, one should arguably consider locational taste differences

and cross-border mobility barriers as fundamental to the world economy, rather than

30See Table D.10 in the Appendix for detailed results for the EU.
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an impediment to economic growth. In that case, the labor reallocation term would
not reflect misallocation but rather measure the output effect of reallocation of labor
in the world economy. Even if the welfare interpretation is unclear, it is still an

important driver of fluctuations in world GDP and TFP growth.

6 Conclusion

We provide new global growth-accounting results from a novel growth decomposition
that nests standard decompositions but allows for markups as well as factor “wedges”.
We implement this decomposition using data on 35 or more industries and 40 or more
countries from 1996-2014.

Empirically, we find four main results: (i) world productivity is volatile from year
to year and even over multi-year periods; (ii) labor reallocation is the primary source
of this volatility, as well as being a persistent drag on growth; (iii) the average rate
of productivity growth across country-industries is comparatively smooth; and (iv)
Before the Great Recession the contribution of country-industry growth was relatively
constant because the productivity slowdown in Advanced Economies was offset by an
increased contribution of productivity growth in emerging economies. The latter
dissipated after the Great Recession and world TFP growth slowed down. These
takeaways apply whether or not we control for markups, or we adjust for PPP.

Our results provide new insights into at least two other recent literatures. First, a
growing recent literature examines the role of markups and rising profits. We extend
Barkai (2020) to emerging markets. Interestingly, although profits and markups are
quantitatively important, the broad narrative about global productivity is robust to
whether we control for markups or not.

Second, a sizable strand of literature has highlighted the slowdown in recent
decades in advanced-economy productivity growth. We provide broader context for

this finding: At a global level, the advanced-economy slowdown in country-industry
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productivity growth in the 2000s is offset until the Great Recession by a rising con-
tribution from emerging markets. World productivity growth (and world country-
industry productivity growth) only consistently slows after the Great Recession.

The quantitative importance of labor reallocation arises from the well-known het-
erogeneity in wages around the world. Labor input has typically grown faster in
low-wage /low marginal-product locations, creating a persistent drag of around 1/2
percent per year for world productivity growth. But over time, the cross-sectional
covariance of wages and hours growth varies substantially which, in turn, leads to
considerable variability in world productivity.

Thus, our analysis shows how important it is to do growth accounting on a global
scale to understand shifts in the center of gravity of global productivity growth. With
the rise of emerging economies in Asia, this global perspective has become increasingly

essential.
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Table 1: Comparison of WIOD-SEA vintages

Vintage
Description 2013 2016
Coverage
Years 1995-2007 2000-2014
Number of countries 40 43
Average share of world GDP
...dollar denominated 80 82
... PPP deflated 76 77
Number of industries 35 56
Industry classification ISIC v3 ISIC v4
Factor inputs
Hours v v
Capital v v
... Nominal current cost v v
... Investment v
... Capital deflators v

Note: Both vintages contain data on value added by country and industry
as well as value added deflators and factor prices for inputs for which data is available.

The 2013 vintage includes incomplete data for 2008-2011 that we do not use in our analysis.
Share of world GDP reported in percentage of dollar-denominated world value added from World
Bank (2018). The 2016 vintage contains incomplete capital data, especially capital deflators. We
construct them by merging data from OECD (2017) and extrapolating from the 2013 vintage for

variables unavailable. See the Appendix for details.
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Figure 1: Growth in world real GDP in WIOD-SEA and World Development Indica-
tors (WDI)

Source: Timmer (2012) and World Bank (2018).
Note: World real GDP growth is constructed as dollar-denominated value-added share weighted
average of real GDP or real country-industry value-added growth.
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Figure 2: World factor shares for both vintages of WIOT

Note: Solid line is 2013 vintage and dashed line is 2016 vintage.
Source: Timmer (2012), OECD (2017), and authors’ calculations.
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Figure 3: TFP growth: World vs. country-industry component, vintage 2016.

Note: Solid line is 2013 vintage and dashed line is 2016 vintage.
Source: Timmer (2012), OECD (2017), and authors’ calculations.
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A Accounting for within- and across-country contri-

butions

As mentioned in the main text, we split up the contribution of reallocation terms into
with-country component and across-country one. We elaborate here how we do this,
focusing on equation (11).

Remember that the index ¢ in equation (11) represents a country-industry pair.

We rewrite this equation again with a new indexation: ¢ for industry and c for country:

b = ZZ(H—lu)sgzcﬁszﬂLz’ (19)
+ ZZSCDZ(liCZ CZ+ZZ cz cz( )+ZZ cz CZ(ICZ_ >

We can now split up the capital and labor reallocation terms into within- and

across-country component. For example, labor reallocation term can be written as

ZZSCZ (—) Z Z SeiSci (— )—I—Zs (l - ) (20)

where

VL
sk = (M) and sV =Y sV, (21)

v
5, -

Equation (20) splits up the labor reallocation terms into two parts: within-country
reallocation of labor which is the first term on the RHS, and across-country component
which is the second term. A positive within-country reallocation of labor states that
hours are growing faster in industries that on average have higher labor share and

contribute more to the country GDP. Higher labor share means that the wages are on
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average higher in these industries which indicates higher marginal product of labor.
Hence, a positive term means that there are productivity gains from reallocation of
labor within the country.

Similarly, a positive across-country reallocation means that hours are growing
faster in countries with higher labor share and contribute more to world GDP. The

capital reallocation term can be split up similarly.

B ANOVA of wages

To quantify the importance of cross-country wage differentials versus within-country
cross-industry wage differentials, we can do an ANOVA. Define the average global

wage as
Wt = I == g wiWia where L = § Li7 w; = f (22)

%

We will decompose the variance of this average wage across country-industry combi-

nations. This variance is given by
F = wi (W, = W)= wW}— W (23)

We split this variance into within-country, ¢, variation and between-country variation
in the following way. Let the average wage paid in country c to skill-level 7 be equal

to

Wq‘,- = Z M = Zwi,‘rWi,T7 where LC,T = Z Li,Ta Wi r = ;7 (24)

. Cc.T . .
1€C ’ 1€C 1€C

and let the average hourly wage paid to workers with skill level 7 be

WerLer L.: L.
W, = Z —— = w.,W,,, where w,, = ——, w, = A and L, = Z L;,. (25)
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We can then write

02 = Zzzwl W“- Wcr) (WC,T_WT)_'_(WT_W)]Q

c  i€c

- Z Z Zwl I/Vi,T - WC,T) + (WC:T - WT)z + (WT o W)Z} -

[ 1€C

2 Z Z sz VV@',T - WC,T) (WC,T - WT) + (Wi,'r - Wcﬂ') (WT - W)] +

c i€c

2222"‘% CT_W)(WT_W)]

c i€c

- Z Z Zwl VViﬂ' - WC,T)Z + (WC,T - WT)z + (WT o W)Z}

c i€Ec

(26)
(27)
(28)
(29)

(30)

Y Y 0+ S S 0 W,

o2
= 'i,c,‘r + Uc,‘r + JT'

The problem is that the above measure is dependent on units of observation, which

actually change over time. So, we need a transformation that gets rid off that. For

that we, use the square of coefficient of variation, % So, that yields

G = () () () () G

The alternative is to use shares and calculate at each point in time

2 2 2
ag; g o
1,C, T C, T T
1= 5 T 3 (34)
o g o

and then average these shares over time and report them in the table.
We can do this for every year and determine what fraction of the variation in
wages is due to within country differences and what fraction is due to cross-country

differences. We can also relate this to percentage differences in wages.
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C Growth accounting with labor skill levels

Let 7 € {L, M, H} denotes the three labor inputs based on skill. Our raw accounting

identity is the following (equation (10) in the main text):

Z 8 Zz Z KkZ—F; Ll +Z D 1+sz z (35)

Before rearranging this equation to get equation (11), we can manipulate the
labor term to reflect labor quality. Assuming we have three categories for labor (Low,

Medium, and High skilled), the above equation would be:

Z( s zl+stszz —I—Z Z S; sLTlT+ZS ’- (36)

i re{L,M,H}

We now add and subtract aggregate share-weighted factor growth to this equa-

tion. For labor, there are three types of aggregate workers, so we add and subtract

D e (LM, H} sLTm = D re LM H} .5V sE7IT. We arrive at the modified version of the
main equation:
1 : :
— Z T sPii+ sk + Z sETIT (37)
i ( + 'UZ) re{L,M,H}
g S () T Yt (i)
i ( - ’uz) i Te{L,M,H} 1

The final term is the change in labor reallocation. It is now the weighted average
of labor reallocation across the three types of labor. Aggregate and industry TFP
also change, because we now allow for shifts in the contribution of aggregate labor
quality. For aggregate TFP, these shifts show up in the share-weighted growth in

labor input in the final term on the first line. For industry TFP, we were previously
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attributing to technology a part of each industry’s growth that is due to labor shifting
among education groups.
To see the contribution of labor quality more explicitly, note that the aggre-

L is the sum of the labor shares across the three types of la-

gate labor share, s
bor, > corvm s, Hence, following Jorgenson et al. (1987), we can write the
contribution-of-aggregate-labor term in the first line as the sum of share-weighted

hours growth plus the change in aggregate labor quality:

Z ST = st + Z st (lT — l) (38)
re{L,M,H} re{L,M,H}

Returning to the labor reallocation term, it will be useful for intuition to express
it a different way. First, define the average wage for each type of worker as W7 =
(>, WTLT) /L. Second, note that growth in hours of type 7 is

. I\ . WTLTN .
"= — |17 = — | 1]. 39
£ (8)r-3 () -

We can now return to the definition of the labor reallocation term, and substitute

in for [7. We find:

() ) - g, ()

re{L,M,H} re{l,M,H} \ i i

- > (") w)

Te{L,M,H} i

Our earlier intuition for labor reallocation was that, if labor grows faster in
country-industries where it has a higher than average wage, then this is an improve-
ment in reallocation. Other things equal, that shift boosts growth in output and
aggregate TFP. With multiple types of labor, the nuance is that the shift has to take

place within a given type of labor. This difference may matter in the data. For
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example, suppose we see a shift in the data from labor in advanced economies to
labor in emerging markets. A part of cross-country wage differential in our earlier
equation presumably reflects differences in the mix of skills across countries—so we

need to compare the shifts within skill groups.3!

D Detailed results and data

D.1 Detailed results
D.1.1 Comparison with World-Bank aggregates

Figure D.1 shows how nominal GDP in our data, measured in current US$, lines up
with world GDP. The short-dashed line shows the level of nominal GDP in our sample
countries in the 2013 vintage of the data. The other dashed line is the 2016 vintage of
the data. Both of these lines are below the World GDP solid line, reflecting that our
sample of countries covers about 80 percent of global economic activity (in dollars).
The 2016 vintage is a bit higher in the overlapping period because of the inclusion of
Croatia, Norway, and Switzerland.

Our time series for PPP-deflated world GDP growth lines up closely with that
published by the World Bank in World Bank (2018). This is evident in Figures D.2
and D.3, which show the World GDP-PPP and its growth in our data versus that of
the World Bank.

31The same intuition holds for capital reallocation. Capital reallocation reflects differential user
costs across country-industries for computers, or for machine tools, or for office buildings. The
reason we think the capital-reallocation term should be small with an external user cost is that the
user cost differences should presumably be small. Of course, there could still be differences to the
extent we treat the capital-gains term as country-industry specific, or if there are differential tax
wedges.
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D.1.2 Value-added and factor shares by country and industry

Dollar-denominated value-added shares for the different periods by country and in-
dustry are reported in Tables D.1 and D.3, respectively. Similar PPP-weighted shares
are listed in Tables D.2 and D.4, respectively. Profit shares by industry are reported
in Table D.5.

D.1.3 Detailed contributions to world TFP growth

The contributions of country-industry TFP growth, Z;, by country/region for calcula-
tions based on dollar-weighted world GDP without taking into account markups are
listed in D.6, while these contributions with markups are in Table 4. The contribution
of shifts in markups by region is reported in Table D.7 while the same contribution

by industry can be found in Table D.8.

D.1.4 Results for TFP with PPP-deflated data and for the ALP

PPP value-added share weighted results A striking takeaway from our results
in the main text is that labor reallocation explains much of the volatility in world
TFP, as well as being a consistent drag on world growth. For this result, we valued
world output using current dollars. A natural question is whether these findings reflect
true differences in labor’s marginal productivity across countries, or rather the effects
of exchange rates? Table D.9 addresses this question by quantifying the impact of
deviations from PPP on the decomposition in equation (11). Here, country-industry
value-added shares are measured in terms of 2005 PPP dollars rather than current
U.S. dollars. Although the specific numbers are quite different, our qualitative results
are robust to deviations from PPP.

Line 1 of Table D.9 shows that PPP-weighted world GDP grows much faster than
current-dollar-weighted GDP growth. The reason is that PPP value-added shares

in world GDP tend to be higher than dollar shares for emerging economies; these
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economies tend to grow faster than average. The growth rate also appears somewhat
more volatile. In contrast, comparing lines 2 and 3 with the same lines in Table 3,
the contributions of aggregate capital and labor growth are not much changed.??

World TFP growth, reported in Line 4, is higher for the PPP-weighted case than
for the dollar-weighted case. This follows from having faster growth in GDP (line
1) along with roughly similar contributions from capital and labor (lines 2 and 3).
World TFP growth remains highly volatile across subperiods as well as slows down
after 2007.

Comparing Lines 4 and 14 of Table D.9 we find that fluctuations in PPP-deflated
world TFP growth are much larger than those in country-industry PPP-deflated TFP
growth. This is similar to what we found for dollar-weighted ALP and TFP growth
as well (and was our first two takeaways). Moreover, even though level of country-
industry TFP growth is higher in the PPP-weighted data, the pattern over time is
similar to the dollar-weighted results.

Deviations from PPP do have a marked impact on the contributions of capital and
labor reallocation, especially across countries, to world GDP growth. The impact of
the cross-country capital reallocation in Line 7 of Table D.9 is large compared to
that in Table 3, in which it was negligible. This potentially reflects that capital flows
across the world to equate dollar-denominated returns on investment across country-
industry combinations. Equating these dollar-denominated returns is not the same
as equating physical marginal products.

For the changes in labor reallocation we find the opposite. Labor reallocation is
less important when we consider the PPP-weighted results in Table D.9. A portion
of cross-country labor reallocation in the dollar-weighted results in Table 3 reflects
economic activity shifting to sectors with an international cost advantage. These

are industries with low relative wages compared to relative productivity levels—most

32The numbers do not match exactly since our sample changed slightly due to PPP data avail-
ability. See Table D.13 in Appendix D.2 for more details.
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obviously, manufacturing in China and India.

The labor reallocation results imply that deviations from PPP only account for
about a third of the total impact of labor reallocation reported in the earlier tables.
Thus, even after adjusting for PPP, labor reallocation remains a drag on world GDP
growth as well as being an important source of volatility in world TFP.

Finally, shifts in markups (line 11) contribute slightly more to world GDP growth
when PPP-deflated than current-dollar weighted. This is largely due to markups in

(Chinese) manufacturing.

World labor productivity growth A popular way to measure productivity is to
do a decomposition that uses the most reliably measured components. Namely, we are
going to consider ALP growth and ignore markups. This relies only on value-added
and hours growth.

To begin, recall that v = Y. s/ v; and, trivially, note that world labor growth, i,
equals 3. sVi. Using these expressions, and subtracting and adding 3, s¥i;, we can

write world ALP growth as

alp=0v—1 = Z sV alp; + Z sy (lz — l) (41)

%

Here, the first term on the right-hand side is the contribution of country-industry
specific ALP growth. The second term reflects shifts in hours growth across country-
industries. Some algebraic manipulation shows that the second term can be written as
> (&) (% — 1) [;, which will, in general, be nonzero if nominal value added
per hour worked differs across country-industries. Nominal value added per hour

worked might, in turn, differ across country-industries for efficient reasons (such as

differences in factor shares) or because of wedges (such as factor-price wedges or

\'4 . .
33To see this, note that, since Y, sV = 3, % =1land !l =) ,(L;/L)l;, we can write the

second term on the right-hand-side of (41) as ), (?“:—x - Li/L) i =3, (%) (P’YW/L" - 1) l;.
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markups). For this reason, it is useful to decompose the shift-in-hours term into two

pieces:

ZSY@_Z):ZSYSZL(Q_O"‘ZSYG_S@L) (ll—l) (42)

The first piece is the labor-reallocation term from equation (11); as discussed in
Section 5, this term may be non-zero if there are wage differences across country-
industries. In case of a statically efficient allocation of resources, this term would be
zero. The second piece is a residual, reflecting other differences in factor shares or
markups that may affect nominal value-added per hour (which might or might not
be efficient).

In this section, we implement the world ALP decomposition in equation (41). We
begin graphically with Figure D.4, which illustrates the three key takeaways that we
highlighted throughout our analysis. This is figure is basically the ALP version of
Figure 3.

First, the dark lines in the figure show the substantial volatility in world ALP
growth, v —1I. Second, the light lines show the much smoother contribution of country-
industry ALP growth, ), syalpi. For example, the country-industry growth rate
stays relatively constant in the 2003-2007 period; and it drops much less than world
ALP growth in 2009 or 2011. Algebraically, equation (41) shows that the difference
between the two lines reflects shifts in hours across industries with different levels
of labor productivity, > . s) (ll — l) This effect includes the contribution of labor
reallocation, ), sV sk <l.l- - l) . The third takeaway is the year-to-year volatility of this
labor reallocation term, which explains much of the difference between the volatile
world ALP growth and the smooth country-industry labor productivity growth.

Table D.11 shows the detailed subperiod numbers for the two vintages. The rows
correspond to components of equation (41). Line 1 of the table shows world GDP

growth in each period. During the Great Recession period (2008-10, shown in the 2016
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vintage), output grows much more slowly than in any previous period; it is followed
by a sizeable recovery in 2011-14. Line 2 shows growth in world hours. Comparing
the 2001-2004 and 2005-2007 periods across vintages, one can see the discrepancy
in hours growth across vintages that we discussed in Subsection 3.1. Specifically,
world growth in hours in the 2016 vintage was about 1-1/4 percentage points lower
from 2001-04 than in the 2013 vintage, but then was about 1/2 percentage point
higher from 2005-07. These revisions, though large, do not substantially affect the
key takeaways from this section.

Lines 3, 4, and 8 show the key takeaways from implementing equation (41). Line
3 shows World ALP growth, which is output growth (line 1) less hours growth (line
2). Lines 4 and 8 decompose this growth into (line 8) the part that reflects country-
industry ALP growth, Y. s) alp;; and (line 4) the part that reflects shifts in hours
across country-industries, >, s} (l'z» — l> By construction, line 3 is the sum of lines
4 and 8.

Line 3 shows the first key takeaway: World ALP growth is volatile across the five
subperiods that we distinguish. During the expansion of the late 1990’s, world ALP
growth was above 2 percent. Growth declined substantially in the early 2000’s and
(in both vintages) rebounded sharply in the mid-2000’s. During the Great Recession
(2008-10), world ALP growth retreated to under 1 percent per year. In the 2011-14
period, world ALP growth got even worse, turning sharply negative.

Line 8 shows the second key takeaway, which is the relatively smooth evolution of
ALP growth at a country-industry level, ). sV azpi. Indeed, country-industry ALP
growth was relatively constant at about 2 percent per year—regardless of which vin-
tage you look at—over the first four of the five subperiods we consider. A sharp
deterioration in country-industry ALP growth is apparent only in the final 2011-14
subperiod. Even there, country-industry growth remains positive, despite the sharply

negative growth rate in world ALP from line 3.
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The third takeaway, from lines 4 and 5, is that the bulk of the variation in world
ALP growth arises from substantial volatility in the effects of shifting hours, notably
labor reallocation. This follows from the first two takeaways, given that the contri-
bution of shifting hours (line 4) is, as an accounting identity, the difference between
the volatile growth rate of world ALP growth and the relatively smooth contribution
of country-industry specific ALP.

As discussed in section 5, this shift-in-hours term reflects the cross-sectional co-
variance of labor growth and nominal value added per hour. Those differences could
be efficient—reflecting, say, technological heterogeneity in factor shares across indus-
tries. Or they could be related to wedges, such as markups or labor taxes. For this
reason, line 5 of Table D.11 breaks out labor reallocation, Y, s} sF <ZZ - l) This
piece, as discussed in Section 5, reflects the cross-sectional covariance of wages and
labor growth. This labor-reallocation term in line 5 carries over to the TFP decom-
positions in the main text.

Within labor reallocation, what turns out to be quantitatively most important
is reallocations across countries, reported in line 7 of the table. These shifts are,
on average, a drag on world GDP growth of between around 0.4 and 0.5 percentage
points. This reflects the fact that hours growth in emerging economies, where wages
are lower, has typically outpaced hours growth in developed economies. The first-
order conditions interpret these shifts as a reallocation of labor from high to low
marginal-product-of-labor countries, as valued using measured prices. This cross-
country term was slightly positive during the expansion in developed economies from
2005-2007. In contrast, the term was more negative in periods when there was a bigger
wedge in hours growth between emerging and developed economies, as in 2001-2004,
2008-2010, and 2011-2014. Note also, from line 6, that shifts in the within-country
reallocation of labor contribute little to world GDP growth.

Table D.12 decomposes the contribution of country-industry ALP growth into
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its regional composition. It shows that the composition of this component across
countries has changed notably over time. In terms of the cross-country details, these
results are in line with studies that document a broad productivity slowdown in
industrialized countries starting in the early 2000’s (e.g., Cette et al., 2016). We
find that the contribution of country-industry specific ALP growth of these countries
(United States, Japan, and the United Kingdom in particular) declines in the last
three periods in our sample that cover 2005-2014. The global productivity impact
of this slowdown was largely offset by an increase in the contributions of country-
industry specific ALP growth to world GDP growth of Brazil, Russia, India, and
China (BRIC countries). The contribution of BRIC countries’ country-industry spe-
cific ALP to world productivity growth declined during 2011-2014. This, together
with country-industry specific ALP growth in the United States, is the main driver
of the decline in world ALP growth during that period.

What this result points out is how important it is to do growth accounting on a
global scale to understand shifts in the center of gravity of global productivity growth.
This is especially important during the 1996-2014 period that we consider, because

of the growth performance of emerging economies in Asia.

D.2 Data
D.2.1 Countries and industries

The countries in each of the vintages as well as in the sample for PPP results are
listed in Table D.13. Throughout, we present these results for a set of regions that are
the same across both vintages. The regions are listed in Table D.14. The industries
were classified into major categories, listed in Table D.15, in order to be consistent

with the North American Industry Classification System (NAICS).
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D.2.2 Main variables used for our analysis

e Gross Value Added: This is the gross value added at current basic prices (in
millions of national currency). The volume index which is normalized to 100 in
1995 and the price level normalized to 100 in 1995 are provided in the tables.
The volume index of gross value added is the foundation of GDP growth cal-
culation. We use the exchange rates provided in WIOD to express the nominal
values in current U.S. Dollars. These exchange rates, however, are not PPP

adjusted.

e Labor: Number of employees (thousands) and total hours worked by persons
engaged (millions) provide information on the growth in hours along with mis-
allocation of labor across countries and industries. It should be mentioned that
the data on hours worked in China were imputed for the period 2008-2014 from
the International Labor Organization (ILO). In SEA 2013, data on labor com-
pensation (in millions of national currency) and total hours worked are decom-
posed based on skill level of the labor into three broad groups: low-, medium-
and high-skill. Labor skill types are classified on the basis of educational attain-
ment levels as defined in the International Standard Classification of Education
(ISCED): low-skilled (ISCED categories 1 and 2), medium-skilled (ISCED 3 and
4) and high-skilled (ISCED 5 and 6). This decomposition, however, is absent
in SEA 2016.

e Capital: Data on the current cost replacement value of the capital stock (in
millions of national currency) and nominal gross fixed capital formation (in
millions of national currency) along with the volume and price index of the
latter is used to calculate capital deepening and misallocation of capital across
countries and industries. For the 2013 vintage gross fixed capital formation

and its associated volume index are used to calculate the implicit capital price
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deflator which is then used to construct a volume index for the real capital
stock. For the 2016 vintage, the current cost replacement value of the capital
stock by country-industry is deflated by a constructed capital price deflator. For
country-industry combinations for which these deflators are available in OECD
(2017), these deflators are taken from the STAN database for the industry at the
lowest level of aggregation that contains the industry in our data. For country-
industry combinations for which the capital price deflator is not available in
STAN, we use the implicit capital price deflator from the closest corresponding
industry in the 2013 vintage and then extrapolate it assuming a constant growth

rate for the years 2008-2014.

e Profits: Profits are calculated as value added minus compensation minus cap-
ital service flows. The latter are calculated assuming an external rate of return
equal to the U.S. corporate 10-yr BBB rate. We use the exchange rate to ex-
press the capital price deflator in each country in U.S. dollars. This allows us
to calculate the capital price inflation in U.S. dollars, i.e. m5q,. Capital service

flows for each country-industry combination are then calculated as
(inpp — Tsp + 0i) P K; (43)

Here, igpp is the nominal BBB 10-yr corporate bond rate and §; is the average
capital depreciation rate implied by the 2013 vintage capital data. In addition,
PKK; is the nominal replacement value of the capital stock. For the empirical
implementation we have smoothed out fluctuations in 7f¢,, by using the average

over vintage sample.
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D.2.3 Construction of capital deflators for 2016 vintage

A major source of discrepancies between the 2013 and 2016 vintages is differences
in the nominal replacement value of the capital stocks. For the 2013 vintage, when
available, they are taken from EU and US KLEMS data. For the 2016 vintage, when
available, they are taken from the OECD STAN database. Other values are imputed.
However, even those that are taken from these two data sources seem to be very
different.

We have merged the the capital deflators from STAN into our data for the 2016
vintage. They are consistent with the nominal replacement values used and, for the
countries for which we can obtain them, make our growth rate of the capital stock
consistent with OECD STAN. For the other countries, we extrapolated the capital
deflators from the 2013 vintage for the years we have missing data.

Depreciation rates are calculated by industry for the 2013 and applied to both the
2013 and 2016 vintages of the data.

D.2.4 Construction of PPP-deflated value-added

In this section, we explain in more detail how we constructed a measure of PPP-
deflated value added by double-deflating the benchmark PPP relative prices con-
structed by Timmer et al. (2007) and Inklaar & Timmer (2014).

PPP benchmark prices

The PPP benchmark tables report relative prices of industry gross output for indus-
tries and countries in the dataset. The numeraire good is US GDP in 2005, i.e. the
relative price of US GDP in the benchmark table is 1. This means the relative price
reported, P;;, is the number of U.S. dollars in 2005 per unit of output in country-

industry ¢ in 2005 relative to the number of U.S. dollars in 2005 per unit of U.S. GDP.
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It is useful to consider this in mathematical form

$/GO;,  USGDP,
Prs =

_ _ for ¢ = 2005. 44
* = §JUSGDE, GO, rt=20m (44)

The first step is to calculate a time series for P;, for ¢ # 2005. This can be done by
using the time series for the price index for gross output in country-industry 7 in year
t,ie. Py, as well as the U.S. GDP deflator, P;.

Using these two time series, we can construct

P,/ P; 2005

Pis =P .
t ,2005 Pt/P2005

)

(45)

This gives us a time series of PPP conversion rates of the real gross output values

into U.S. GDP.

Dollars to PPP, denominated in US GDP

The conversion factor derived above then allows us to convert nominal gross output in
country-industry ¢ in year ¢, i.e. F;;Y;;, into units of U.S. GDP. Let Y;% be output in
country-industry ¢ in year ¢ measured in PPP units of U.S. GDP in the same period,
then we can calculate it through

PiaYip 1 PaYig

2,t 73 7)
it t P:t

, where P}, = P;/P;. (46)

This equation means the following. The inverse of P;, converts dollars of nominal
gross output of country-industry ¢ in year ¢ into dollars of nominal U.S. GDP in year
t according to the PPP adjustment. Dividing these dollars by the U.S. GDP deflator
then gives the quantity of U.S. GDP produced in the sector.

Now, this allows us to calculate PPP adjusted gross output. However, what we

really want to calculate is PPP adjusted value added. To obtain this, we need to do
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an additional calculation.

Value added in terms of PPP

To PPP adjust value added, we basically PPP adjust the nominal gross output and
intermediate inputs terms in the definition of value added. That is, nominal value
added of country-industry ¢ in year t is the difference between nominal gross output

and the nominal value of intermediate inputs.
P\Viy =P Yiy =Y PriMy,. (47)

Now PPP adjusted value added of sector ¢ during year ¢, i.e. V%, is obtained by PPP

adjusting each of the individual nominal components. That is,

PiiYi Py oMy g4
Z‘* — ) . v } . 5J s . (48)
! P’i,t i Pi/,t
The implicit PPP deflator of value added of sector ¢ in year t is then given by
PYVi,
L (49)
! Vi

The calculation of (48) involves figuring out the intermediate inputs from all over the

world using the WIOT and this requires using the input-output tables.

The other problem is that we cannot PPP adjust all intermediate inputs. One
way of dealing with it is to use the same PPP deflator for the intermediate inputs for
which we have no data compared to those for which we have data. The PPP deflator
of the intermediate inputs that are covered is calculated using

PM* o E Pi':tMi':t * (50)
i = = - L4
! — > Py My~
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where ¢ and j' cover the intermediate inputs for which PPP adjusted deflators are
measured. We then use this to deflate all the nominal intermediate inputs.

So, practically, we calculate P% * for each sector ¢ and year t for all the intermediate
inputs for which we have PPP adjusted gross output deflators. We then deflate all
nominal intermediate inputs by this deflator to calculate PPP adjusted value added.
We then calculate the implied PPP adjusted value-added deflator, (49).

This then allows us to calculate all the PPP adjusted data that we need for our

analysis.
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Table D.13: List of countries in each vintage of SEA and the ones that have PPP
data

35.  Portugal

36. Romania

37. Russia

38. Slovakia

39. Slovenia

40. United States
41.  Turkey

42. Taiwan

43. United States

Country SEA 2013 SEA 2016 PPP
1. Australia v v v
2. Austria v v v
3. Belgium v v v
4.  Bulgaria v v v
5. Brazil v v v
6. Canada v v v
7. Switzerland v
8. China, v v v
9.  Cyprus v v v
10.  Czech Republic v v v
11.  Germany v v v
12.  Denmark v v v
13.  Spain v v v
14. Estonia v v v
15. Finland v v v
16. France v v v
17.  United Kingdom v v v
18.  Greece v v v
19. Croatia v
20. Hungary v v v
21. Indonesia v v v
22. India v v v
23. Ireland v v v
24. Ttaly v v v
25.  Japan v v v
26. South Korea v v v
27. Lithuania v v v
28. Luxembourg v v v
29. Latvia v v v
30. Mexico v v v
31. Malta v v v
32. Netherlands v v v
33. Norway v
34. Poland v v v
v v v
v v v
v v v
v v v
v v v
v v v
v v v
v v
v v v
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Table D.14: Country Classification

Region

Country

Euro Area

Other Advanced

Other Emerging

Germany, France, Austria, Italy, Belgium, Cyprus, Spain, Esto-
nia, Finland,

Greece, Ireland, Lithuania, Luxembourg, Latvia, Malta, Nether-
lands, Portugal,

Slovakia, Slovenia

Canada, South Korea, Taiwan, Australia, Switzerland, Denmark,
Sweden,

Norway, Bulgaria, Czech Republic, Croatia, Hungary, Poland, Ro-
mania

Indonesia, Turkey, Mexico

Table D.15: Industry Classification

Major sector

ISIC v3 industries included?!

Agriculture Agriculture, Forestry, Fishing and
Hunting, Mining

Construction Construction

Nondurable manufacturing Manufacturing

Durable manufacturing Manufacturing

Trade, transportation and utilities Wholesale Trade, Retail Trade, Trans-

portation and Warehousing, Utilities

Finance, insurance and real estate (FIRE) | Finance and Insurance, Real Estate

Business services

Rental and Leasing

Information, Professional, Scientific,
and Technical Services, Management of
Companies and Enterprises

Education and healthcare Educational Services, Health Care and

Hospitality
Personal services

Government
Households

Social Assistance

Accommodation and Food Services
Arts, Entertainment, and Recreation,
Other Services, Administrative and
Support and Waste Management and
Remediation Services

Public Administration

I For WIOD vintage 2016 ISIC v4 industries are aggregated to ISIC v3 using the crosswalk
provided in the data documentation (Gouma et al., 2018).
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Figure D.1: Nominal world GDP in WIOD-SEA and WDI

Source: Timmer (2012) and World Bank (2018).
Note: SEA data is total nominal value added for all industries and countries in both vintages of
the WIOD. All measures are reported in current U.S. $.
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Figure D.2: World GDP PPP in WIOD-SEA and WDI

Source: Timmer (2012), and World Bank (2018), and authors’ calculations.
Note: SEA data is total value added PPP for all industries and countries in both vintages of the
WIOD. All measures are reported in U.S. $ of 2005 U.S. GDP.
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Figure D.3: Growth in world GDP PPP in WIOD-SEA and WDI

Source: Timmer (2012), and World Bank (2018), and authors’ calculations.
Note: World GDP PPP growth is constructed as real PPP-adjusted value-added share weighted
average of nominal GDP or real country-industry value-added PPP growth.
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Figure D.4: TFP growth: World vs. country-industry component, vintage 2016.

Note: Solid line is 2013 vintage and dashed line is 2016 vintage.
Source: Timmer (2012), OECD (2017), and authors’ calculations.
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