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Abstract

We investigate the role of technology on the global secular stagnation of average labor produc-
tivity (ALP). In the last decade, equipment-specific technological progress has been stagnated
significantly across developed countries, reflected in the movement of the relative equipment
prices. Using a multi-capital growth model, we quantify the effect of the equipment-specific
technological stagnation on the ALP growth rates. Our analysis shows that the technological
stagnation alone accounts for 71% of the declines in the US ALP and a bulk fraction of other
developed countries. We discuss several possible causes behind the global equipment-specific
technological stagnation.
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1 Introduction

Many developed countries are experiencing serious stagnation in economic activity, measured by
average labor productivity (ALP). This fact is the most recognized about the United States (the
US) and is often referred to as secular stagnation: the ALP growth of the US has been slowing down
since around 2005 (Byrne et al. (2016) and Syverson (2017)). Spurred by the chronic stagnation of
the US, a number of papers have been written to identify its causes. On the one hand, researchers
have argued that the lack of demand, caused by the zero lower bound constraint on the nominal
interest rate, is the cause of the economic stagnation (Summers (2015)). Other researchers have
argued that the stagnation of technological progress is the cause of the recent economic stagnation
(Gordon (2015)). These past works often focus their analysis on a specific country, mostly the US,
while the stagnation is commonly observed across developed countries.

This paper seeks to find a unified explanation of why so many developed countries, which have
different economic structures, regulations, and monetary policy, have simultaneously stagnated in
the last decade. Our primary observation is that many developed countries are simultaneously
experiencing equipment-specific technology stagnation, reflected in the movement of relative prices
of equipment (Gordon (1990); Hulten (1992); Greenwood et al. (1997)). In contrast to the past
trends, the relative prices of equipment have stopped falling across developed countries in the last
decade. For example, the relative price of the US computer hardware had steadily declined by
nearly 20% annually until 2005. But after 2005, the decline in the relative price has dramatically
weakened. This fact about the relative price of the computer hardware holds for a number of
developed countries, and similar phenomena also occur for other equipment. We refer to the global
equipment-specific technological stagnation as the technology stagnation. This paper examines
whether the technology stagnation alone can explain the ALP stagnation across developed countries.

To this end, we extend a standard growth model by incorporating multiple capital goods (e.g.
computer hardware, structures, and so on). In the model, the firms which produce the different
investment goods can have different total factor productivity (TFP) growth. Under the perfect
competition assumption, the relative prices of the investment goods reflect the difference in the
TFP levels. Exploiting this feature of the model, we estimate the sectoral TFP growth rates for
each developed country. The estimated sectoral TFP of equipment have stagnated after 2005 for
most of the developed countries, but those of non-equipment have not.

Before quantifying the effect of the technological stagnation on the ALP growth, we perform
various validation exercises on our estimated model. We begin by verifying that the model can
successfully reproduce the actual stagnation of ALP growth after 2005. For this exercise, we derive

sufficient statistics of the changes in ALP growth rates along the balanced growth path (BGP), and



confirm that the changes in the ALP growth predicted by the model decreases to the same extent
as the actual declines of ALP growth. In addition, we provide two external validation exercises.
Specifically, we examine whether the model can reproduce the changes in the growth rates of the
real wages and the growth rates of the ratios of capital to labor across the countries. We find that
the model predicts their changes across the countries accurately.

Having established the credibility of our model, we proceed by analyzing how much the technol-
ogy stagnation alone has pushed down the ALP growth rate in each country. For this exercise, we
again exploit the sufficient statistics used in our validation exercise. We find that the technology
stagnation alone explains a bulk fraction of the observed declines in the ALP growth rates across
developed countries. To provide a concrete number, the average ALP growth rate of the US de-
clined by 1.17% points after 2005, and the model predicts that the technology stagnation lowers
the US ALP growth by 0.83% points. Thus, more than 70% of the decline can be explained by
this single factor. The technology stagnation is also severe for the UK: the technology stagnation
accounts for 80% of the ALP stagnation. The ALP stagnation of other developed countries, not
just the US and the UK, can be accounted well for by the technology stagnation. Given these
findings, we conclude that we successfully identify a single factor that can explain the global ALP
stagnation of all developed countries.

At this point, some readers might rightly wonder why the equipment-specific technology stag-
nation can explain a bulk fraction of the observed ALP although their shares in value added are
small. It should be noted that the equipment goods are input for capital stocks. So, when technol-
ogy stagnation happens to the equipment sectors, capital accumulation slows down, which further
depresses the output. This indirect effect turns out to be powerful enough to explain the observed
ALP stagnation.

For our findings to be valid, it is critically important that the relative equipment prices cor-
rectly reflect the equipment-specific technological changes. However, other factors unrelated to the
equipment-specific technological changes may affect the relative prices of equipment. To shed light
on this issue, we discuss three possibilities that might affect the relative investment prices. The
first possibility is related to (mis)measurement. One may claim that mismeasurement in the official
statistics caused the observed relative prices of equipment to stop falling, but the true relative prices
have been falling. To argue against this possibility, we examine various past research addressing the
mismeasurement issue (Byrne et al. (2016); Aghion et al. (2019); Brynjolfsson et al. (2019)). While
these papers address different types of mismeasurement, they reach a very similar conclusion. The
mismeasurement has always been an issue, but the amount of this mismeasurement is not increasing
after 2005. So, we conclude that the mismeasurement is not sufficient for explaining the fact that

the relative equipment prices stopped declining.



The second possibility is that trade may affect the relative prices of equipment. Since China
rapidly expanded its export to developed countries after 2000, it is natural to imagine that this
rise of China somehow affects the relative equipment prices. As an argument against this concern,
we compare our estimate of the TFP with ones reported in the EU KLEMS dataset or comparable
datasets. Since the productivity sequences reported in these datasets do not use the information on
the relative investment prices directly, their estimates are less subject to the concern about trade.
We show that their TFP estimates for the computer sector exhibit the same slowdown after around
2005.

The third possibility is related to the rise of market power. There is a growing concern that
the US firms have acquired more market power (De Loecker et al. (2020)), and the rise of the
relative prices of equipment may reflect the market power of equipment producers. This possibility
is assumed away in our model since we have assumed perfect competition. Using the estimation
method in Hall (2018), we examine whether the equipment sectors have expanded their market
power. We provide industry-level evidence to prove otherwise. Moreover, De Loecker et al. (2021)
examine whether the firms around the world have acquired more market power. According to their
findings, the markup for some countries, for example Germany and Japan, have not increased in
the last decade. So, this study is consistent with the view that the rise of market power did not
cause the relative prices of equipment to stop falling across developed countries.!

We also provide an additional robustness exercise related to the output elasticities with respect
to capital stocks. As we mentioned above, the output elasticities are critically important for our
findings. Under our modeling assumption, the output elasticities correspond to the shares of capital
goods in rental costs, which can be measured directly in principle. But, few countries have such
estimates by category of capital goods so that we use the indirect method to estimate the output
elasticities following Gourio and Rognlie (2020). Fortunately, the estimates of the rental cost for
Japan and the US are provided by the Japan Industry Productivity Database and Bureau of Labor
Statistics.? We redo our quantification analysis by using these shares. We find that the technology
stagnation causes greater stagnation in ALP growth rates than our benchmark results. So, we
conclude that our results are robust in this dimension too.

Having established the robustness, we then discuss which types of theories are consistent with
our findings. As mentioned above, theories which explain the cause of stagnation based on a
domestic factor are not consistent with our results. Instead, our findings support theories that

feature global technological innovation. For example, a recent paper by Bloom et al. (2020) argues

!Nakamura and Ohashi (2019) also estimate the market power for Japan, and find that both the aggregate markup
and the markup charged by top 10% firms have not increased in Japan. So, their work also suggests that the slowdown
of the ALP growth may not be due to the rise of monopoly power, but other factors.

2The Japan Industry Productivity Database Database forms part of the EU KLEMS project and constructs a
dataset comparable to the ones by the EU-KLEMS.



that innovation becomes increasingly difficult in various sectors, which is arguably true for developed
countries. Our findings reach a similar conclusion as theirs.

This paper is related to two lines of work. The first is the literature analyzing the recent
slowdown of the economic activities in the US and other developed countries like Japan. Gordon
(2015), Fernald (2015), Byrne et al. (2016), Cette et al. (2016), Fernald et al. (2017), and Ramey
(2020) argue that the recent slowdown of the US economy stems from a problem of the supply
side of the economy. Similarly, Hayashi and Prescott (2002) argues that the Japanese economy has
slowed down after 1990 due to the slowdown of the TFP growth. Goodridge et al. (2018) study the
UK economy and find that TFP has slowed down. On the other hand, Summers (2015), Summers
(2016), and Eggertsson et al. (2019a) argue that the slowdown of the US economy are something
to do with a lack of demand. Moreover, Caballero et al. (2008) and Illing et al. (2018) study the
effects of banking (zombie-lending) and financial frictions on the slowdown, and Aoki et al. (2017)
argue that that switching to bad equilibrium from good equilibrium may be a cause behind the
slowdown of the Japanese economy. Anzoategui et al. (2019) connect the productivity slowdown
of the US with the Great Recession. More recently, Liu et al. (2021) provide a theoretical model,
explaining a lower growth caused by a low interest rate. This paper is different from these previous
works since we provide a unified explanation of the global stagnation across developed countries.

Second, this paper is related to the literature which studies capital-embodied technological
change. Hulten (1992) and Greenwood et al. (1997) argue that the technological changes have
played a major role in the growth of the US after World War II. Karabarbounis and Neiman (2014)
studies the implication of the technological change on the recent decline of the US labor share.?> More
recently, Gourio and Rognlie (2020) study the aggregation issue related to the aggregate investment
price of the US. Following these papers, we identify the equipment-specific technological changes
by studying the relative prices of equipment.

The rest of the paper is organized as follows. In Section 2, we introduce the dataset and present
the empirical analysis. Section 3 builds the multi-capital model to interpret the empirical analysis
and studies its properties. In Section 4, we use the model to estimate productivity and provide
the validation exercises. In Section 5, we use the model to quantitatively analyze the extent to
which the technological stagnation of the equipment sector reduces the ALP growth rate across the
countries. In Section 6, we provide additional evidences on our findings. In Section 7, we discuss

what caused the slowdown of productivity and Section 8 concludes.

3There is an ongoing discussion on whether or not and why the labor shares across developed countries have
decreased in the first place. See Bridgman (2018), Koh et al. (2020), and Gutiérrez and Piton (2020) and the
references therein.



2 Empirical Facts

In this section, we provide a brief description about our datasets and then present empirical facts
about developed countries. In particular, we focus on the growth rate of ALP and the relative

prices of investment goods.

2.1 Datasets

We mainly use the EU KLEMS Release 2019 and comparable datasets (the KLEMS dataset for
short), which provides a database on measures of economic growth, productivity, labor input, and
capital input at the industry level for all European Union member states, Japan, and the US. 4 The
KLEMS dataset provides the real capital stock sequences, the associated deflators by investment
goods and labor service index for each country.” The KLEMS dataset apply quality adjustments
to labor input in a standardized manner, which allows us to make international comparisons more
easily. We supplement our dataset by adding various nominal sequences and consumption deflators
from national accounts.

The main focus of our analysis is on developed countries that are considered to be at a similar
technological level. For this reason, we restrict our analysis to countries which joined the OECD by
1995 and have the KLEMS dataset. There are 13 countries which satisfy these criteria. Among
these countries, we pay special attention to Germany, Japan, the UK, and the US, which are the
four biggest economy.

Following Greenwood et al. (1997), we exclude the durable consumption durable from the con-
sumption deflators by applying Tornqvist approximation method. Also we only consider investment
and capital goods except the residential investment. Additional exceptional handlings are discussed

in detail in Appendix A.

2.2 Empirical Facts

Now we proceed by documenting the empirical facts among the developed countries.

4The datasets can be downloaded from this website, https://euklems.eu/. For the US, we use the Integrated
BLS-BEA Industry-level Production Account, which can be downloaded from this URL, https://www.bls.gov/mfp/
mprdload.htm. For Japan, we use the Japan Industrial Productivity Database 2021 (JIP). These datasets corresponds
to Japanese and the US counterpart of the EU-KLEMS dataset respectively. JIP and BEA-BLS construct their
datasets in a methodology consistent with that of the EU-KLEMS.

5There are ten investment goods in the KLEMS dataset. They are: computing equipment; communications
equipment; computer software and databases; transport equipment; other machinery and equipment; total non-
residential buildings and structures (structures); residential structures; cultivated assets; research and development;
and other IPP assets. See Gourio and Rognlie (2020) which study more disaggregated series for the US while such
detailed information can be obtained for few countries.

5Canada has its KLEMS dataset, but it only contains data up to 2008. For this reason, we exclude Canada from
our analysis.
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Figure 1: Cross-Country Evidence
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Notes: The annual growth rates of ALP are calculated by subtracting the growth rate of labor input from the growth
rate of real GDP. Then we take the average growth rates of ALP every five years. The annual growth rate of the
inverse of the relative price of computing equipment is calculated by subtracting the growth rate of the consumption
deflator from the growth rate of the computing equipment. See Section 2.1 for a detail description of these variables.

Fact 1 : ALP Growth Rates Have Declined Globally

We begin by examining the evolution of the growth rates of ALP for Germany, Japan, the UK,
and the US depicted by Figure la. The ALP growth rate of the US before 2005 had been high
even by historical standards. This period of rapid ALP growth is often associated with the rise of
information technology and its diffusion. However, since around 2005, the US ALP growth rate
have slowed down gradually. While it is very difficult to pinpoint when ALP of the United State
began to stagnate, Fernald (2015) argue that the slowdown precedes to the Great Recession.

The other three countries have experienced similar ALP slowdown since around 2005 to the US.
It is worthwhile to mention that the Japanese slowdown of ALP came after the banking crisis of
1997. Also, Japan has faced another economic challenge since 1999, which is the zero lower bound
constraint on the nominal interest rate. These Japanese experiences supplement Fernald (2015)’s
argument. That is, the occurrence of a financial crisis, banking crisis, or the zero lower bound
constraint is not necessarily related to slowdown in ALP.

Figure 1 shows that other developed countries have experienced the same slowdown ALP growth.
The shaded area in Figure 1 indicates the areas where the average ALP growth rate slowed down
from 2006. For countries other than Spain, the growth rate of ALP has slowed down while the
magnitude of the slowdown varies from country to country.

These figures help us to understand the causes of this global stagnation. The following four

points are worth special attention. First, the global stagnation of ALP is not necessarily related
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Figure 2: ALP and Real GDP Per Capita of the US

to economic crises. Fernald (2015) argues that the slowdown in the growth rate of ALP in the US
started before the Great Recession occurred and predates the so-called housing market bubble. The
experience of Japan provides a supplement argument for Fernald (2015). Japan has faced a number
of severe economic challenges in the 1990s. Japan experienced the crash of the stock market in 1990,
the non-performing loan problem since then, and the Asian currency crisis and the financial crisis
in 1997. However, as shown in Figure la, it was much later than 2005, when the non-performing
loan problem was resolved, that the growth rate for Japan slowed. So, the connection between the
slowdown and financial crises is ambiguous.

By comparing ALP and real GDP per capita in the United States, we can see why Fernald
(2015) and Syverson (2017) argued that the stagnation started in 2005, not 2007 when the financial
crisis occurred.Figure 2 shows that US ALP did not begin to stagnate after the financial crisis, and
appeared to start stagnated before the financial crisis. On the other hand, real GDP per capita
began to stagnate sharply after the financial crisis. Since we study the stagnation of ALP, we use
2005 as the benchmark year when the stagnation started, following the past studies.

Second, the role played by the zero interest rate constraint is also limited, which is evident
from the monetary policy of the US and Japan. The stagnation in the US began in 2005, but the
zero interest rate policy was not implemented until 2009. On the other hand, in Japan, the zero
interest rate policy has been in place since 1999, but the stagnation of Japanese economy had not
accelerated until 2005.

The third point is that the slowdown of the ALP growth rates is not simply coming from the
composition effect of labor. Japan and other developed countries have recently begun to experience
rapid aging of the population. So, it sounds plausible that the aging of the population has led to
a decline in labor productivity as workers flow into the medical and elderly care sectors, which are
often regulated and may considered to have low productivity growth. By using the KLEMS labor

service index, we can reduce the impact of such composition effects driven by the demographic



changes on labor input. To put it simply, the growth rate of the KLEMS labor index is the sum
of the growth rate of hours worked in each industry, with nominal wages as weights. Therefore,
the contribution of working hours growth in industries with low wages to the labor index is mod-
erated. This property ensures that even if workers flow to industries with more regulations, their
contribution to the labor index will be discounted.

Finally, while it is clear that the slowdown of the ALP growth rates a global phenomenon, the
timing of when the slowdown began differs slightly from country to country. Following Fernald
(2015) and convention used in Syverson (2017), we take year 2005 as our benchmark year. That
is, we presume that the economic slowdown started from 2005 globally. Since this benchmark year
works well for the US and not so for the other countries, we provide robustness exercises by taking

year 2007 as our benchmark year.

Fact 2 : Capital-embodied Technological Progresses of Computer Equipment Have Stagnated

We now explore a possible cause for the global stagnation of ALP. Motivated by the previous studies
on growth (e.g. Greenwood et al. (1997)), we focus on capita-embodied technological progresses.
the movements in the growth rate of the inverse of the relative prices of investment goods. Since the
real investment is computed by dividing nominal investment by the relevant investment deflator,
the inverse of the relative investment price is a proxy for technology improvement which is embodied
in capital. 7

As shown in Figure 3a, Germany, Japan, the UK, and the US have experienced slowdown of
technology improvement of computer. We begin by confirming that the same pattern is observed
across the developed countries. Figure 3b shows the average growth rate of the inverse of the
relative PC prices before and after 2005. The gray area represents the area where the growth rate
of the relative computer price has stagnated since 2005. Notice that all the dots are located in
the gray area, which implies the possibility that all the countries have experienced slowdown of
computer technology.

The focus of our analysis is the slowdown of the technological improvement shown in Figure 3b.
But, a reader might be wondering why the level of the growth rate of the relative computer price
differs so much across the countries. To explore the cause behind this level difference, we construct
an average relative imported personal computer (PC) price downloaded from the ComTrade dataset.
Figure 5a depicts the average growth rates of the inverse of the relative imported PC prices for
Germany, Japan, the UK, and the US. Figure 5a shows that the these growth rates have been stable.

Also the level difference of the growth rates is much smaller than one of the quality-adjusted relative

"We introduce a micro-foundation for this proxy variable. As Greenwood et al. (1997), the model predicts that
the proxy corresponds to the TFP level of computing equipment relative to the consumption good producer.



Figure 3: Technological Progress Specific to Computer Hardware
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computing equipment prices (See Figure 3a.) So, we conclude the quality-adjustments done by the
statistical agencies play a major role for inducing the level differences.®

In this paper, we will not discuss which country’s quality adjustment is correct. Rather, the
analysis is based on the assumption that all countries’ quality adjustments are correct. In other
words, we assume that while many countries face common technological progresses, they differ in
the extent to which they are able to take advantage of them, and the differences in the quality

adjustment of statistical authorities reflect these differences.

Fact 3 Heterogeneity of Capital-embodied Technological Progresses Across Asset Classes

We now explore the capital-embodied technological progresses of the other investment goods. Figure
5a depicts the growth rate of the inverse of the relative prices of various equipment. The areas where
the technology of the equipment has improved both until and after 2005 are shaded orange. Figure
5d displays the same growth rates for the non-equipment investment goods. Figure 5a and 5d clearly
show that the equipment investment goods have experienced stable technological improvement, but
the other non-equipment investment goods have not.

Figure 5¢ and 5d are the same as Figure 5a and 5b respectively, except that the different parts
are shaded. The gray areas represents the area where the technological improvement slows down
after 2005. Again, the equipment goods have a consistent pattern: the technology improvement
slowed down. The non-equipment goods do not have the consistent pattern.

Following Greenwood et al. (1997), we attribute the declines in the relative prices of the equip-

ment goods to technological stagnation. The following sections build a growth model based on this

80ne reason behind this level difference is that many countries use the hedonic method to adjust the quality of
PC, but each country does not run the exactly same hedonic regressions.
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Figure 4: Impact of Quality Adjustment
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(a) Imported PC

Notes: We download the quantity and price data of the computer (HS code 847130) from UN Comtrade. The product
description for HS code 847140 is “Portable digital automatic data processing machines, weighing not more than 10
kg. Consisting of at least a central processing unit, a keyboard and a display.” We calculate the average (quality-
unadjusted) import price for each country as follows. The variables, g;;,+ and X;; ¢, denote the quantity and the value
of computer shipped from country i to country j at date t. The unit price of computer sold in j shipped from i is
pij¢ = Xijt/qijt. The average computer price for country ¢ at date ¢ is the weighted average of imported prices
{pji,t}jec by using the expenditure shares, {in,t/ ZkGC X’”Vt}jec , where C' is the set of all the countries.

interpretation, and analyze the stagnation of technological progress quantitatively.”

3 Model

In this section, we introduce our simplest-possible growth model in order to analyze the ALP and
relative investment prices for each asset jointly. The model presented in this section extends the
model of Greenwood et al. (1997) and Whelan (2003) by introducing many investment goods, and
is closest to the one of Gourio and Rognlie (2020). The model is deliberately simple so that we skip
some of the derivations. We explain how we generalize the growth accounting exercise in Section
3.2 and study the properties of the model in Section 3.3. We conclude this section with a discussion

of the assumptions of the model.

3.1 Model Description

The time is discrete and indexed by ¢, and the economy is deterministic. There are two types of

agents in this economy: households and firms. We explain their behaviors separately below.

9Readers may wonder whether this stagnation in the relative prices stems from some kind of measurement problem.
This mismeasurement hypothesis will be discussed in detail in Section 6.1.

11



Figure 5: Heterogeneity of Capital-embodied Technological Progresses
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Notes: The horizontal axis of this figure shows the average growth rate of the relative price by 2005 for each country.
The vertical axis of this figure shows the same average growth rate after 2005.

Household

There is a representative household whose utility function is given by

U=> p'InC, (1)
t=0

where C; is consumption at date ¢t and § is a discount factor. The household inelastically supplies
its effective labor, L; and obtains the labor income w;L;. There are A classes of capital assets,
and let Z denote the set of the capital assets, Z = {1,2,--- , A}. Let £ C Z denote the set of the
equipment goods. The capital stock of asset class a installed at date ¢ is denoted by K,;. The
household is the owner of the capital stocks and rents them to the final good producers. The rental

rate of capital asset a is denoted by r, ;. The household buys investment goods of asset class a at

12



a price of p,; each. The resulting flow budget constraint at date ¢ is given by

pc,tCy + ZthKi,t—&—l < wiLi + Z (rig + (1 —8) pit) Kig. (2)

i€z i€T
where pc ¢ is the price of the consumption good at date ¢ and J; is the depreciation rate of capital
good ¢ € Z. We take the consumption good as our numeraire good, pc; = 1. The household

maximizes its utility (1) subject to the flow budget constraints (2).

Firms

Let NV denote the union of the set of the consumption good, C, and the asset classes Z. We call an
element of A/ a sector. We assume that there is a representative firm in each sector n € N, which

have a constant-returns-to-scale (CRS) Cobb-Douglass production with the same factor shares:

[0}

04 -

Yot = Angt <H Kmt> Ly, 3)
1€L

where A,,; is sector n specific technology level, K; , ; is the capital stock of asset class a rented to

the firm in sector n at date ¢, and L, is the labor input. The capital service sequence in sector n

corresponds to [[;c7 K 9 which is a geometric average of real capital stocks.

z,in,t7
Firm n buys factor inputs, {Ki,n,t}iez and Ly, in respective competitive factor markets, and
sells its product in a competitive final good market. They maximize their static profits at each date

t given the factor prices, ((mﬁiez , wt) .

Real GDP

Most macroeconomic models assume that there is a single good in the economy. This simplifying
assumption allows us to define the real GDP of the economy straightforwardly. When a model has
more than one goods, then there are in principle many ways to define the real GDP. In this paper,
we only define the real GDP growth rate, not real GDP level. To define the real GDP growth, it
is convenient to use the following notation. Let gx, = In (X;/X;_1) denote the growth rate of the
variable X at date ¢.

The real GDP growth rate, gy, is defined as follows:

gvy = Z Sn,t—19Y, 4> (4)
neN

where s, ;1 is the share of sector n in value-added at date t — 1 and gy, , is the growth rate of

the sectoral real output for n at date ¢. This definition of the real GDP growth corresponds to the
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growth rate of the chain-linked Laspeyres quantity index.'% So, in effect, we mimic the definition of
the real GDP growth rate used by statistical agencies of Europe and Japan. ' In order to match
the model analysis with the results of the empirical analysis in Section 2.2, we define the growth

rate of ALP as follows:

gALP;, = 9vy — 9L;-

Equilibrium

The competitive equilibrium is defined as usual. Given the prices, the household maximizes their
utility, all firms solve their maximization problem, and all the markets clear for all dates. We derive
the equations which characterize the equilibrium.

The household’s optimality conditions are

Cit1 (Ti,t+1 +(1—9) Pi,t+1>
Cy Dit ’

for all i € Z. The transversality condition for the household’s optimization is'?

N Tt (L= 0)pig
tlg?oﬁ Z Cy Kie =0. (6)
€L
The firms’ optimality conditions are
agipn,tyn,t = Ti,tKi,n,t (7)
(1 — O[) pn,tYn,t = U}tht. (8)

These two equations imply that in an equilibrium,

(G () o
Pt =
t Apy P 0;c 11—«
Kingt o wy
AL LA 97 10
Ly l1—« lri,t (10)

Equation (9) comes from the fact that in a competitive good and factor markets, the marginal cost

is equalized to the marginal revenue. Equation (10) comes from the fact that the firms have the

10Strictly speaking, the growth rate of the chain-linked Laspeyres index is based on actual growth rates, not log-
difference of them. The numerical difference between the two methods of computing the real GDP growth rate is
virtually zero.

"The US uses the Fisher quantity index for the real GDP. When we analyze the US, we define the real GDP as
follows, gvy = Zne./\f [Sn,t + Sn,t—1] %gyn’t. Along the BGP, this definition of the real GDP growth coincides with
one by equation (4) since the nominal value added shares stay constant, sn,: = Sn,t—1. (See Proposition 1.)

128ee Kamihigashi (2002) for a proof of necessity of equation (6) for the household’s optimization problem.
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identical CRS production functions up to their productivity.
Equation (9) immediately implies that the inverse of the relative price of good i reflects the

TFP of sector i relative to one of the consumption good sector.
Pi_,tl = Ait/Acy. (11)

According to this model, the increase of the growth rate of P, tl implies technological progress of
sector a relative to the consumption good sector. So this model gives a foundation why the inverse
of the relative price of asset class a can be a proxy for the technology level in Section 2.

There are final goods, labor, and capital markets in this economy. In an equilibrium, the

following market clearing conditions are satisfied for all t > 0,7 € Z, and n € N :

Yor=Cy (12)

Yie =K1 —(1—6;) Kiy (13)

Li=) Lny (14)
neN

Kig=> Kins. (15)
neN

A couple of the prices and allocations {(rivt’pivt’wt)tZO,iGI’(Kivnvt’ant’Ki:t’Ct’Yn:t)iGI,nEN,tZO}
is an equilibrium if and only if the couple satisfies equation (3), (5), (6), (7), (8), (12), (13), (14),
and (15).

Some of the analysis below study a balanced growth path (BGP) of the economy, which is a
particular type of competitive equilibria. In order to define BGP, we start by assuming that the

sectoral TFP grow at constant rates: for all n € N,

A, = GA,-

Under the assumption that the sectoral TFP grow at constant rates, a balanced growth path (BGP)
is a competitive competitive equilibrium where all the variables grow, but not necessarily equal,

rates. To economize notation let gx denote the growth rate of the variable X along the BGP.

3.2 Generalized Growth Accounting Equations

Now we are ready to estimate the sectoral TFP by using the equilibrium conditions we identified.
Unlike the canonical growth model, it does not suffice to compute the (aggregate) Solow residual

for this economy since we have more than one sector. So, we use the relative investment prices
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(11).
We begin by inspecting what the aggregated Solow residual corresponds to in our economy. Let

ga, denote the Solow residual aggregated by using the Domer weights, s, ;1.

R (g 0 b (1) g) |

neN i€l

By using equation (8) and (10), the aggregated Solow residual, g4,, can be written as follows:

gA, = th* -« Z eigKiyt - (1 - Oé) 9L;- (16)

1€T
Notice that g4, is now expressed in terms of the observables and the production parameters,
(a, (Qi)iel)' which can be observable Because of the functional form assumption of the production
technology (3), the Solow residual corresponds to the aggregated sectoral TFP by using the shares

in value added as its weight.

.gAt = Z Sn,tflgAnyt' (17)
neN

For the second equality, we use equation (3). Recall that the relative investment prices (11) reflect
the sectoral TFPs. Taking log-difference of equation (11), the growth rate of the relative investment

price of asset class i € Z is given by

—In Ipir = 9A;x — GAc,:- (18)

If we can compute g4,, then we have A+1 equations ((17) and (18)) and A+1 sectoral TFP growth
rates, { gAn,t}n cnr S0, we can solve these linear equations and obtain our estimate of { g An,t}n N

for each date.

3.3 Properties of Real Macroeconomic Variables Along BGP Characterization

In the empirical analysis below, we mainly use the properties of the BGP of this model. In this sec-
tion, we derive the properties along the BGP. The following proposition summarizes the properties

of the economy along the BGP.

Proposition 1. Suppose that: (i) the sectoral TFP and labor grow at constant rates, ga,, = ga,

and gr, = gr; and (ii) for all i € I, the following inequality holds:

«Q
94+ 1T, ;919& +gr >mn(1-46). (19)
1
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Then along the BGP, we have:

1. the shares in value added, (sn),,c s, coincide with the shares in the employment, (Ln.t/Lt), c ns»

and given by

exp (ga, + agr +91) — (1 — &)

8 = 0; i€, sc=1- Si; 20
"B lexp(ga, +agr+gr) —(1-6) " ; 1 20)
2. the growth rate of ALP and the real wage are'
gALP = Y SngA, + g, (21)
neN
Jw = gac + gk, (22)
where g 1s given by
1
gk = 1—a Z eigAi' (23)
i€l
Proof. See Appendix B. O

The LHS of inequality (19) corresponds to the growth rate of the real capital stock of asset class
a. So, inequality (19) requires that all the real stocks of capital grow at least rate In (1 — d,) ,which
is negative. This assumption is practically vacuous since it is often the case that the sectoral
TFP and the labor input grow, not decline. Inequality (19) is used for showing that the nominal
value-added shares are well-defined; namely s, is strictly positive for all n € N and adds up to one.

Our model is a multi-sector extension of the canonical growth model. So, to understand this
proposition intuitively, first consider a version of the economy in which there exists only one in-
vestment good. Let g4, denote the growth rate of TFP for the investment good sector.'* In such

an economy, the growth rate of ALP is

1
gaLp = scgao + (1 —sc)ga, +  ag——ga, . (24)

Direct Effect

S
Capital Deepening Effect

In this simpler economy, ALP grows because of the two effects: the direct effect from technology
improvement and the indirect effect through capital deepening. The direct effects from the tech-

nology improvements, (ga.,g4,), are captured by the first two terms in equation (24). As the

13The natural rate of interest, r*, gets ample attention from the literature. In this model, the natural rate of
interest, r*, is determined only by the supply side of the economy and equal to the growth rate of the consumption,
gc. It turns out that the real wage growth along the BGP satisfies g, = A+ for some A € R. So any implication for
the real wage holds automatically for the natural rate r*. See Gourio and Rognlie (2020) which analyze the implication
for the natural rate r* when the demand side plays a role.

1By using our notation, Z becomes a singleton, Z = {I}.
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share in value added of sector n becomes larger, the (direct) impact of technological improvement
in that sector sector n gets larger. The shares in value added appear in the first term in equation
(24) because of our choice of the definition of the real GDP growth rate. (see equation (4)).!%
Since the consumption share in our sample of a typical country is around 75%, the direct effect
is mostly governed by TFP of the consumption good sector, g4,. The last term in equation (21)
represents the multiplier effect of capital accumulation on ALP growth. An increase in productivity,
gr, raises capital, which leads to increase GDP by ag;. Consequently, the increase of GDP leads to
more capital, which leads to more GDP, a?g;, and so on. The cumulation of this feedback loop is
a/ (1 — «) gr. This network-style feedback effect has a sizable role in our quantitative analysis.

When there are many capital goods in the economy, the two effects above are generalized as
follows. The direct effect is trivially extended to ) .- Snga,. As in the simpler version of the
economy, the direct effect is mostly determined by the TFP growth rate of the consumption sector,
C. To study the capital deepening effect in an economy with many capital goods, it is convenient
to define a capital service index, which is a generalization of the real capital stock in the single
investment good economy. Define the aggregate capital service index K; as the geometric average of
the real capital stocks: K; =[],z K 2 ;. It turns out that the growth rate of the capital service index
to labor input corresponds to g, (23) along the BGP. Like the single investment good economy, an
increase in productivity, g4, , raises the capital service, which leas to increase GDP by a#;, not «.
The parameter 0; governs how important asset class a for production. The rest is the same as in the
single investment good economy. The increase of GDP leads to more capital, which leas to more
GDP, a26;. The cumulative effect from g4, on GDP is 6,/ (1 — @) ga,. So, the total cumulative
effect from {ga, };c7 is > ez 0ic/ (1 — @) ga,, which is agy.

In the empirical application below, we are interested how the changes of the sectoral TFP affect

the aggregate ALP growth rate. For this purpose, it is useful to take the total derivative of garp.

dgaLp = Y _ sn0ga, + % Z 0094, + Y [ azi" QAH} 0gA,- (25)
neN 1€T m,neN m

The first and second term in equation (25) correspond to the direct effect and the capital deepening

effect. As mentioned above, the growth rate of ALP increases due to these effects. The last term in

equation (25) is a composition effect. When a sectoral TFP growth rate changes, then equation (20)

implies that the value added shares also change accordingly. The composition effect in equation

(25) is second-order since it involves the term of multiplication of 9s,/0¢4,, and ga,. So, when

157f we define the real GDP growth differently, the direct effect does not take the same form. For example,
Greenwood et al. (1997) define the real GDP as the total nominal value added divided by the consumption price pc ¢,
then the ALP growth rate along the BGP is now ga, + agr. So the direct effect is ga, not the weighted average of
the sectoral TFP growth rates.
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we conduct the empirical exercises in Section 5, we use equation (25) ignoring the last composition

effect. 16

3.4 Remarks on Modeling Assumptions

We introduced a model with a number of assumptions on the functional form. In this section, we
discuss three noteworthy aspects of our modeling assumptions.

First, the growth accounting can be done under the general CRS function. In fact, the KLEMS
dataset has the Solow residuals obtained under the general CRS sectoral production functions.
Practically speaking, however, there is almost no difference between the Solow residuals obtained by
using the general CRS production functions and ones obtained under the Cobb-Douglass functional
form assumption. In this sense, there is little practical advantage in considering the general CRS
function for growth accounting.

Second, we assume that the economy is characterized by a BGP, which requires that the produc-
tion functions take the form of CRS Cobb-Douglass. This is the classic result obtained by Uzawa
(1961).17 Tt is possible to analyze the dynamics of the economy itself without assuming that the
economy is not on the BGP. However, such an analysis requires us to estimate more parameters
(e.g. various effective tax rates), which complicates our analysis. So, in this paper, we make the
simplifying assumption on the production functions, and focus our analysis on a BGP.

Finally, we suppose that all production functions have the same factor shares, which is not
necessary even for an equilibrium to have a BGP.'® In reality, different sectors have different capital
shares. While it is easy to build a model that allows for different capital shares, there is a practical
difficulty. It is not obvious how the capital shares of different industries should be estimated. The
industries we consider produce only consumption goods or investment goods, while actual industries
produce both goods. Therefore, we are not able to link the industry in our model to the industry
in the actual data. Our strong assumption assumes away this practical difficulty.

One way to proceed is to build a model that incorporates more general industry linkages which
is compatible with the KLEMS sector classification. In order to do such an analysis, we need

to have additional data such as the input-output tables compatible with the KLEMS dataset.

%Tn Appendix ??, we demonstrate that the partial derivatives, ds,/dga,,, are sufficiently close to zero under
reasonable parameters. Moreover, we confirm that the results obtained in Section 4.3 and 5 for the US are virtually
identical to ones obtained by explicitly taking into account the composition effect.

17Grossman et al. (2017) endogenize human capital investment and show that, under certain substitutability be-
tween raw labor and human capital, BGP can exist without a Cobb-Douglass production function. Growth accounting
using the model would require a variety of data on human capital in addition to the usual data and substitution pa-
rameters between production inputs. Such an extension would be interesting, but it is beyond the scope of the
paper.

18This property only holds when the representative household’s date-t payoff function takes the form of Cobb-
Douglass. For a general analysis under CES, see Acemoglu and Guerrieri (2008).
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Unfortunately, such a dataset is only available for few countries (e.g. Japan). Since not all the
countries report these information, we can only analyze the economy with such an augmented model

for the subset of the countries. This exercise is currently left for future research.

4 Estimation

In this section, we estimate sectoral productivities by using some of the equilibrium conditions
obtained in Section 3. This section begins by calibrating the deep parameters which are needed in
order to estimate the sectoral productivity sequences. Then by using the estimated productivity
sequences, we check whether our model can account the ALP and capital dynamics in the data.
On the top of these internal validation exercises, we provide an external validation by using wage

data.

4.1 Prerequisite

In order to estimate the sectoral TFP growth rates, we need to specify: (1) the value-added shares
{snttnen s (2) the capital share a; (3) the shares in rental cost, {f;},c7; and (4) the aggregated
Solow residual g4, (16). The shares in value added, {sn:}, .y, are obtained by the KLEMS
datasets and/or national accounts. The KLEMS dataset provides its time-series estimate of the
capital share for each country, and we set the capital share « to the average value of it.
Unfortunately, the rental rate shares, {6;},.; is often unavailable from the KLEMS and national
accounts, and very limited countries (e.g. Japan and the US) report their estimate of the shares
in rental cost. Because of this unavailability, we employ the indirect method to estimate the rental
rates following Gourio and Rognlie (2020).'° Along the BGP, the rental rate shares are expressed

in terms of the capital and investment shares:
s' k., 81
;i=(1—— )]s +—s;j, (26)

where s’ is the share of nominal investment in GDP, s! is the share of nominal investment of asset
class a in the total nominal investment, and SZ-K is the share of nominal capital stock of asset class a

in the total nominal capital stock. See Appendix F.3 for the derivation of equation (26). Since the

I _K
"% SieT

infer the rental rate shares {6;},.7. 2° Finally since the KLEMS dataset have the growth rate of

nominal shares {s are obtained from national accounts, then we can use equation (26) to

""Whelan (2003) uses another steady state moments in order to determine {6}, ,. In particular, Whelan (2003)
matches the average nominal GDP shares and the real interest rate estimated by King and Rebelo (1999). A similar
approach is taken by Greenwood et al. (1997).

20While this approach to measuring the rental rate shares is easy to implement, it requires an assumption that
the economy is approximately on the balanced growth path. In Section 6.4, we compare our model-based rental
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Figure 6: Estimated Parameters
(a) Capital Share and Equipment Shares (b) Non-Equipment Shares
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Notes: Fach dot represents an estimate of a parameter for a country. All values are expressed as the percentage point
difference from the US, and the US estimate is shown in parentheses in the x-axis label. IT represents computing
equipment, and CT is an abbreviation of the communication technology equipment.

the real capital stock for each asset class, gk, ,, and labor input, gz, the aggregated Solow residual
g4, is computed by (16) given (a, (6;);c7) -

Note that the countries can have different shares in the value-added, the rental rate shares
and so on. In order to avoid notational clutter, we drop an index representing a country c unless
confusing.

Figure 6 shows the estimated (a, (ei)iez) . It is clear from Figure 6 that the parameters vary
greatly across the countries. For example, the US capital share is 43% in the KLEMS dataset,
but the capital share of Japan is 27%, the smallest among our sample countries. The US capital
share « is higher than 1/3 which is the conventional value used in the literature, but not too high
compared to 39%, which is the average US capital share after 1995 reported by PWT.2! The share
in rental cost for computing equipment (IT) is relatively small (3%), and the share for structure is

the biggest for all the countries.

4.2 Estimation of Sectoral TFPs Using Relative Prices
Having specified all the parameters, we can now estimate the sectoral TFP by solving equation

(17) and (18). For all n € N,

9A, = 9A, + Z Sm,t—19pm.+ — Ypn,t-
meN

rate shares with the estimates of capital shares for Japan (provided by JIP) and US (provided by BLS-BEA). They
are quantitatively similar, and we redo our analysis based on the direct estimates of the rental rates for these two
countries. See Section 6.4.

21'We compute our benchmark capital share « for the US by using the capital share for the total economy reported
in the BEA-BLS integrated industry-level Production Account. If we consider the market economy, not the total
economy, the average capital share is reduced to 39%.
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Figure 7: Estimated Sectoral TFP

(a) Equipment Sectors (b) Consumption and Non-Equipment Sectors
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Notes: The vertical axis represents the average productivity growth rate from 1995 to 2005, and the horizontal axis
represents it after 2005. Each dot represents a country.

In Figure 7, we display the estimated sectoral TFPs. As indicated by Figure 5¢ and 5d, Figure 7a
and 7b imply that: the sectoral TFP growth rates of the equipment goods are much faster than
those of non-equipment goods; the sectoral TFP growth rates of the non-equipment goods do not
exhibit slowdown; and the TFP growth rate of the computing equipment experienced the most
severe slowdown. For the US, the growth rate of the computing equipment declined by around

15%. These results basically reflect the movements of the relative investment prices.

4.3 Validation

Before turning to quantification of technological stagnation, we aim to give credibility to the basic
model predictions. First, as an internal validation exercise, we confirm that our model can suc-
cessfully reproduce the decline in the average productivity growth rate of each country after 2005.
Second, as an external validation exercise we verify that the model-implied wage growth rate change

predicts the associated actual real wage growth rate change across the countries.

4.3.1 About Dynamics

In order to conduce these validation exercises, we need to specify how the dynamics of the economy
works. We assume that the economy is characterized by the BGP. Until 2005, the growth rate of
the sectoral TFP is assumed to be constant, and the economy is on the BGP. After 2005, the growth
rate of the sectoral productivity shifts unexpectedly, and the economy is assumed to jump to the
new BGP instantaneously. As stated above, we choose year 2005 following Byrne et al. (2016) and

Syverson (2017). We abstract from any dynamic adjustment of the economy. The bold assumption
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that the economy is always on the BGP allows us to skip to estimate many parameters, such as
various effective tax rates, and makes a cross-country analysis clearer and easier.

The change in the TFP growth of good n after 2005 is specified as follows:

1 2005 1 2017
dga, = 11 Z T Z GAne-
t=1995 t=2006

In the following validation exercises, we use these shifts of the sectoral TFP growth rates.
We also need to specify the nominal GDP shares, s,. The nominal GDP share is assumed to
be averaged over the entire sample period. The GDP shares are stable over time, and do not affect

our validation exercises and the main results by the reason explained after equation (25).22

4.3.2 Internal and External Validation Exercises

We examine the estimated shifts of the sectoral TFP can explain the observed decline of the ALP
growth rate across the countries. For this exercise, we use equation (25) and obtain the model-

implied change of the ALP growth rate as follows:

(0%

dgarp = Y sndga, + T > 0idga,.
neN 1€

We compare these model-implied change of the ALP growth rates with the empirical counterparts:

1 2005 1 2017

D

dgA%t}% = 11 Z JAarp: — 12 Z JAarpe- (27)
t=1995 t=2006

Note that the internal validation exercise is not trivial. This is because we assume that: (1) the
economy is characterized by the BGP and; (2) and all the growth rates of the endogenous variables
are expressed in terms of the estimated sectoral TFP growth rates. If other shocks affect the
economy, the internal validation can fail. For example, if the Japanese financial crisis triggered a
long-lasting decline of the Japanese ALP without affecting the Solow residuals, then the change of
the ALP growth rate of Japan cannot be reproduced. That is, the internal validation fails. Also if
the economy is not well-approximated well by the BGP, then the internal validation can fail too.
On the top of the internal validation, we also provide two external validation exercises. That
is, we examine whether the model explains the moment which are not used in our TFP estimation
procedure. In the first exercise, we examine whether the model can explain the change of the real

wage growth rate in our data before and after 2005.2 Taking the total derivative of equation (22)

22This procedure implicitly assumes that the depreciations are chosen so that the shares in value added match with
those of data.
23Hayashi and Prescott (2002) conduct a similar external validation exercise. They examine whether the model
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and using the estimated changes of the sectoral TFP, the model-implied change of the real wage

growth rate is

«
dgw = dgAC + m zéj::gadg,qa. (28)

We compare the mode-implied real wage growth with the empirical counterpart, which is given by

2005 2017

1 1

D

dg™ =2 D Gw =5 D o
t=1995 t=2006

where g, is the growth rate of the real wage at date £.2* In the second exercise, we check whether

the model can explain the change of the capital service to labor growth rate. (Recall equation 23.)

1
€L

The empirical counterpart of dgx is computed as follows:

1 1 2005 | o7
dgpate = T Zé’i (11 Z (9x,, — 91.) — 2 Z (9r., — th)> :
i€l t=1995 t=2006
Recall variable, g, ,, is the growth rate of capital stock of i € Z.

In Figure 8a, we plot these model-implied growth rate changes, dgarp, against the associated
actual average ALP growth rate changes. In Figure 9b, we plot the model-implied wage growth
rate changes, dg,, against the corresponding actual real wage changes. In Figure 9c, we plot the
model-implied capital service to labor ratio agains the associated the empirical counterpart. Note
that almost all the points in Figure 8a, 9b, and 9c are near the 45-degree line. So, these figures
imply that the model can reproduce, on average, the changes of the ALP growth rates as well as

some other growth rate changes across the countries.

5 Quantitative Analysis

This section begins with a quantitative analysis of the extent to which technological stagnation has
pushed down the ALP growth rate. We show that the technological stagnation has a sizable and
heterogeneous impact on the ALP growth rate across countries. Then, we proceed by examining
this heterogeneity by conducting two additional simulations. Finally, we analyze the impact of this

technological stagnation on other macroeconomic variables besides the ALP growth rate.

can explain the return on capital, r;.

24The real wage growth rate is computed by subtracting the growth rate of the nominal wage from the growth
rate of the consumption deflator. The nominal wage growth is computed by subtracting the growth rate of the labor
compensation from the growth rate of labor input.
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Figure 8: Validation Exercises

(a) Internal Validation (ALP)
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5.1 Tech-Induced Stagnation

We will examine the extent to which the decline in average labor productivity in the last decade can
be explained by the technological stagnation. We interpret the declines of the TFP growth rates of
the equipment sectors & as reflecting technological stagnation following Greenwood et al. (1997).
We explore the implications of the technological stagnation on the ALP growth rate. To do so, we
calculate model-implied declines of the ALP growth rates coming from technological stagnation in

the equipment sectors as follows.
Tech __ ) - )
€€ 1€€
We then compare this model-implied ALP stagnation with the empirical counterpart, dggitﬁ (See
equation (27)).
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Figure 9: Illustration for the case of the US

Weighted Equipment TFPs Model-Implied ALP Growth (BGP) ALP Growth (Data)
25 25
— —~ 2 —~ 2
g5 g S ZHA e
% % 15 % 15
Mg ~ ~
3 1 =
g g g
5 05 & 0.5 5 0.5
Tech Stagnation 0 Tech Stagnation ol Actual ALP
-+ No Stagnation -+ No Stagnation -« Trend (before 2005)
0 -0.5 -0.5
1995 2000 2005 2010 2015 1995 2000 2005 2010 2015 1995 2000 2005 2010 2015

We will use US as an example to illustrate our quantification. The leftmost panel of Figure
9 plots the estimated weighted equipment TFP of the US, >, 0;ga,. The solid line shows the
estimated productivity and the yellow dotted line shows the average value around 2005. The
green dotted line shows the level of technological progress in a counter-factual situation where
no technological stagnation had occurred in 2005. So the gap between the green dotted line and
the yellow solid line after 2005 represents the magnitude of the technological stagnation in the
equipment sectors.

The middle panel shows the growth rate along the BGP implied by the model. The yellow
solid line before 2005 is the growth rate calculated based on the average growth rate around 2005.
After 2005, the US experienced the sudden technological stagnation, and the ALP growth rate shifts
down. The green line represents the pre-2005 ALP growth rate. So, the difference between the green
dotted line and the yellow solid line represents the ALP stagnation induced by the technological
stagnation in the equipment sectors. By comparing this difference with the decline of the ALP
growth rate in the data depicted in the right panel, we can examine whether the model can explain
the US stagnation.

We report our results in Figure 10 and Table 1. Each point in Figure 10 represents a country.
The vertical axises of Figure 10 plots the difference in the average growth rate of productivity before
and after 2005, and the horizontal axises the difference in the average growth rate before and after
2005 predicted by the model.

There are two points worth mentioning about this result. The technological stagnation in the
equipment sectors alone can largely explain the global declines of the ALP growth rates of ALP.
This result is especially true for countries for the UK and the US (see Table 1). For example, the
growth rate of the US ALP has declined by 1.17% since 2005, and the model predicts that the
growth rate declines by 0.83% due to the technological stagnation, which is more than 70% of the
total decline. In the case of the UK, the growth rate of ALP has declined by 1.21%, and the model
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Figure 10: Quantification of Technology Stagnation
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NOTEs: The two letters near the dots indicate the country represented by the ISO code, and the dotted line represents
the 45° line.

predicts a decline in growth of 0.93%. The technological stagnation also induce lower growth for
Japan and Germany albeit on a slightly smaller scale. For Japan, the technological stagnation
explains around 60% of the total ALP growth decline, and for Germany, 40%.

In Table 1, we decompose the effects from the technological stagnation into pieces. For Japan
and the US, the stagnation of computer technology has been the most important driver of stagnation
in economic growth. For the US, the magnitude is largest among the developed countries.

This result for the US might sound surprising since the share of computing equipment in value
added and the share in rental costs are both relatively small. To be specific, these share of the
US are 1% for the value added share and 2.5% for the rental cost share. However the technology
stagnation in the computing equipment sector is huge: the TFP growth rate of this sector declined

by 14.5%. So the effect from the computing equipment sector (IT) on the aggregate ALP is

st + x Ot | x dgarpir = —.42%.
~— l—a <~ ~—_———
=.01 jf;’ .025 _14.5%

This calculation makes it clear that the capital deepening effect plays a big role for inducing this
big negative effect from the computing equipment sector on the US ALP growth rate.

On the other hand, for Germany and the UK, the technological stagnation of other equipment
sector has significantly lowered their ALP growth rate.
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Table 1: Technological Stagnation and Its Decomposition

Decomposition of dgish
dghats  dgheh IT Other Equipment

Weight on dg, dg. Weight on dg, dg.
Austria -0.38%  0.01% 0.02 -2.25% 0.18 0.3%
Czech Republic -1.56%  -1.22% 0.06 -4.16% 0.35 -2.76%
Denmark -0.44% -0.37% 0.05 -3.28% 0.17 -1.24%
Finland -1.75% -0.5% 0.01 -10.31% 0.18 -1.97%
France -1.17%  -0.28% 0.01 -0.78% 0.14 -1.91%
Germany -0.47%  -0.21% 0.03 -1.85% 0.19 -0.85%
Italy -0.51% -0.28% 0.02 -2.17% 0.22 -1.11%
Japan -0.54%  -0.26% 0.03 -6.74% 0.17 -0.42%
Netherlands -0.79% -0.74% 0.03 -12.97% 0.18 -1.81%
Spain 0.58%  -0.5% 0.02 -10.8% 0.14 -1.83%
Sweden -0.37% -0.26% 0.04 -2.53% 0.26 -0.6%
United Kingdom -1.21% -0.75% 0.03 -12.2% 0.16 -2.53%
United States -1.17%  -0.7% 0.03 -14.56% 0.21 -1.33%

Notes: The first column shows the difference in ALP growth rate until 2005 and after 2005. The second column
shows the effect of technological stagnation of the equipment sectors on the ALP growth rate after 2005.

5.2 Cause of Heterogeneous Impacts of Tech Stagnation

We proceed by examining a cause of heterogeneous impacts of the technology stagnation. The effect
of stagnation in the technological progress of equipment on ALP differs across countries because

of the following differences: (1) the parameters of the production function (a, (6;) ) and the

1€l
shares in value added (s;,), <5 and; (2) the magnitude of the shocks, (dg4,),.¢ - In order to isolate
these effects on ALP and the magnitude of the shocks, we conduct the two experiments. In the
first experiment, we calculate how much the ALP of country ¢ has dropped relative to the US if
country c¢ experienced the technology stagnation in equipment of the same size as the US after
2005, (dgEEL P>ieg’ This relative decline of the ALP growth rate for country c is denoted by D¢,
which is given by

US

US o oy ous US 4. US o US 4. US

1= E (Sfdgi,ALP R p—— 0; dgi,ALP) - § <3¢ dgiaLp + 17— s 0; dgi,ALP) ;
ice ice

Counterfactual ALP Decline of Country ¢

where s§ is the nominal GDP share of investment good 7, a“ is the capital share, and 6{ is the rental

share of investment good ¢ of country ¢. The first summation term is the counter-factual decline of
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the ALP growth rate of country c if the country experienced the same technology stagnation as the
US. The second summation terms is the decline of the ALP growth rate of the US. The variable
D¢ summarizes the effects on the ALP growth rate coming from the parameter differences. To get

more insights, we decompose D¢ as follows:

USs c

US UsSs a“ - US ..US - c US Us

Df = E (sf—s;°)dgiiLp+ <1 1= aUS) E 0;°dg; arp + 1o E (07 —06;°) dgi App -
icE icE icE

=D¢ =D¢ =D;

The first term D shows the impact of differences in the GDP shares {s;};,.o on the growth rate
of ALP. The second term DS shows the effect of differences in the capital share, a. The last term
shows the effect of differences in the shares of rental costs.

In the second experiment, we calculate how much the US ALP growth rate would decline
relatively if the US experienced a technological stagnation of the magnitude experienced by other

countries.

aUS

D; = Z (SZUS (dgic,ALP - dg}ffmp) + mez‘US (dgf,ALP - dggELP)> )
1€€
where gj 4 p is the change of the ALP growth rate of country c. The variable, DS, represents the
effect of 