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Abstract
Over the past three decades, the price of machinery and equipment fell dramatically 
relative to other prices in advanced and emerging market and developing econo-
mies. Using cross-country and sectoral data, we show that the decline in the rela-
tive price of tangible tradable capital goods provided a significant impetus to the 
capital deepening that took place during the same time period. The broad-based 
decline in the relative price of machinery and equipment, in turn, was driven by the 
faster productivity growth in the capital goods producing sectors relative to the rest 
of the economy, and deeper trade integration, which induced domestic producers to 
lower prices and increase their efficiency. Our findings suggest an additional chan-
nel through which rising trade tensions and sluggish productivity could threaten real 
investment growth going forward.
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1 Introduction

For decades, real investment in machinery and equipment has outpaced real GDP 
growth in many emerging market and developing economies. Since 1995, the real 
investment rate in machinery and equipment has doubled, rising from about 3–6 per-
cent of real GDP (Fig. 1). This capital deepening coincided with a steep decline in 
the price of capital goods relative to the price of consumption. The relative price 
of tangible tradable capital goods fell by over 50 percent since 1995 for the median 
emerging market and developing economy.1 This process seemed to be accompanied 
by stronger trade integration in the capital goods producing sectors, with the rise 
in import penetration in this sector exceeding that in other sectors of the economy 
(Fig. 2).  

Economists have long argued that the relative price of replaceable capital goods, 
especially machinery and equipment, is one of the key determinants of economic 
performance.2 The fact that, in the cross section, the price of capital goods, relative 
to the price of consumption, is much higher in poor countries was considered crucial 
in explaining the lower investment rates, living standards and growth observed in 
these economies. Yet, there is little consensus on the underlying causes of the cross-
country heterogeneity in the relative price of capital goods. Some have argued that 
it mainly reflects differences in countries’ productivity in the making of machinery 
and equipment or other tradable goods that could be exchanged for machinery and 
equipment (Hsieh and Klenow 2007). Others link it to distortionary policy choices, 
such as higher barriers to trade, taxes on capital goods, monopoly power in the 
production of machinery and equipment,3 or discriminatory pricing by exporters 
(Alfaro and Ahmed 2009). While the literature on the cross-country differences in 
relative capital goods prices blossomed, existing studies have largely neglected to 
examine the drivers of the changes in the relative price of capital goods over time.

In this paper, we revisit the debate about the key drivers of the relative price of 
investment and study the macroeconomic implications of the falling relative price of 
capital goods. First, we use newly available data from the 2011 round of the Inter-
national Comparison Project (ICP) database to study whether absolute and rela-
tive prices of machinery and equipment are higher in countries with higher trade 

1 In this paper, unless otherwise noted, the terms tradable capital goods, tradable investment goods, 
and machinery and equipment are used interchangeably to denote tangible tradable investment goods—
namely machinery, equipment, and transportation capital goods.
2 See, for example, de Long and Summers (1991, 1992, 1993), Jones (1994), Lee (1995), Sarel (1995), 
Restuccia and Urrutia (2001) and Collins and Williamson (2001).
3 See, for example, Jones (1994), Taylor (1998), Eaton and Kortum (2001), Sen (2002), Restuccia and 
Urrutia (2001), Estevadeordal and Taylor (2013), Sposi (2015) and Johri and Rahman (2017). Hsieh and 
Klenow (2007) question the role of trade frictions by showing that poorer countries do not have higher 
absolute prices of capital goods. On the other hand, Sposi (2015) suggests that Hsieh and Klenow’s 
(2007) findings may not necessarily rule out trade frictions. Instead, he shows that trade can lower the 
relative price of tradable goods by increasing specialization and productivity thanks to cheaper inputs in 
the production of tradable goods. Similarly, Mutreja et al. (2014) argue that smaller dispersion in abso-
lute prices does not necessarily imply the absence of large trade costs.
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barriers.4 Previous studies highlight poor data quality as an important constraint 
in understanding the drivers of the cross-country dispersion of the relative price of 
investment goods (see, for example, Hsieh and Klenow 2007; Alfaro and Ahmed 
2009). The 2011 ICP round introduces many methodological improvements to 
address data quality concerns of older rounds (see Feenstra et al. 2015; Deaton and 
Aten 2017; Alfaro and Ahmed 2009).

Second, we analyze the roles of trade integration and productivity in the decline 
of the relative price of capital over time. We combine sector-level tariff data con-
structed by Feenstra and Romalis (2014) and the World Input and Output database, 
which provides output prices and trade flows at the sector level, to study how trade-
policy-induced changes in import penetration affected producer prices.

Third, we examine the effect of relative prices of capital goods on real invest-
ment rates over the last 30–60 years. While the theoretical link between the relative 
price of capital goods and investment is not hard to establish, the empirical evidence 
on this issue is scant and relies mostly on aggregate cross-sectional data from ear-
lier periods (see, for example, Sarel 1995; Restuccia and Urrutia 2001). Using both 
country-level and sectoral data, we quantify how much of the increase in the real 
investment rate in machinery and equipment that occurred since the 1990s can be 
attributed to the decline in the relative prices of machinery and equipment.

Our analysis shows that the reduction in trade costs, and the associated rise in 
trade integration, was an important factor in the decline of the relative price of 
machinery and equipment in the past decades. Two pieces of evidence are consistent 
with this conclusion. First, according to the latest (2011) ICP data, across countries, 
those with higher trade costs tend to pay a higher price for a comparable basket of 
machinery and equipment in both absolute terms and relative to the price of con-
sumption. This contrasts with previous findings by Hsieh and Klenow (2007), who 
do not find a negative correlation between the absolute price of capital goods and 
development, concluding that trade costs play no role in the variation in the price of 
capital goods.5 Second, analysis of sectoral producer price data suggests that rela-
tive prices are highly responsive to changes in import penetration. We find that ris-
ing import penetration lowers domestic producer prices both directly, as producers 
lower prices due to foreign competition or specialization, and indirectly, by boosting 
their productivity, which ultimately leads to lower prices. We combine the estimated 
coefficients with the change in the relative trade exposure in the capital goods sec-
tors to provide an illustrative quantification of how much trade has contributed to 
the decline in the relative price of machinery and equipment during 2000–2011. We 
find that, on average, more than two-thirds of the fall in the relative price of tradable 
investment goods between 2000 and 2011 can be attributed to trade integration.

4 Comparable cross-country data on the price of capital goods are scarce. The key source is the ICP, 
which collects detailed price data through cross-country surveys every 5 to 10 years. Previous studies 
relied on the 1985 and 1996 ICP rounds of data (Eaton and Kortum 2001; Hsieh and Klenow 2007).
5 Using previous versions of the ICP data, we confirm the finding of no correlation between the absolute 
price of capital goods and the level of development. For further details see “Appendix 2.”
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We also show that the decline in the relative price of capital goods has played a 
crucial role in increasing real investment rates over the past three decades. Cross-
country panel regressions relying on over 60  years of data across 180 economies 
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Fig. 1  Evolution of the relative price of machinery and equipment and investment rates. Note: Figure 
shows the cross-country median for emerging market and developing economies (for country sample see 
“Appendix 1”) of the real investment in machinery and equipment to real GDP ratio (blue line) and the 
year fixed effects from a regression of log relative prices on year fixed effects and country fixed effects 
to account for entry and exit during the sample period and level differences in the price of machinery 
and equipment relative to the price of consumption (red line). Year fixed effects are normalized to show 
percent change from the relative investment prices in 1995. Sources: Penn World Table (PWT) 9.1; and 
authors’ calculations

(Percent)

80

90

100

110

120

130

140

150

160

1995 2000 2005 2010

Median Average

Fig. 2  Relative import penetration. Note: The figures show the cross-country average and median for 
emerging market and developing economies of the ratio of import penetration for capital goods sector to 
overall economy. Import penetration is defined as total imports over value added. Sources: World Input-
Output Database (WIOD); and authors’ calculations
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suggest that real investment in machinery and equipment is highly sensitive to its 
relative price. These results hold even after controlling for all global shocks, time-
invariant country characteristics, and a host of other policies and time-varying fac-
tors shown by economic theory and previous studies to shape investment rates. In 
addition, we confirm our results when instrumenting the relative price of capital 
goods with import tariffs on capital goods relative to tariffs on consumption. The 
estimated sensitivities are also very similar if we use sectoral data instead. We 
analyze sectoral investment rates across 15 broad sectors in 18 economies during 
1971–2015 from the EU KLEMS database. The sectoral analysis allows us to prop-
erly account for the role of all factors that affect overall investment within a country 
in a particular year, such as financial conditions, economy-wide growth prospects, 
quality of regulations, and the like. Overall, the decline in the relative price of capi-
tal goods can explain about 40 percent of the increase in real investment rates in the 
average economy since the 1990s.

These results are important not only to shed light on the academic debate on the 
underlying drivers of relative prices, but to draw attention to possible emerging 
risks, which may hamper much-needed capital deepening in low-income countries. 
Since trade integration has indeed played a key role in driving down the relative 
price of investment goods, the waning pace of trade liberalization and the slowdown 
in global trade would limit further declines in the price of capital goods. Even more 
immediate is the threat from higher trade barriers in some advanced economies.

The rest of the paper is organized as follows. Section  2 describes some key 
stylized facts on the absolute and relative price of capital goods from a variety of 
sources. Section 3 analyzes the drivers of the prices of machinery and equipment, 
while Section 4 presents estimates of the sensitivity of real investment to changes 
in relative prices. Section  5 concludes summarizing the key results and policy 
implications.

2  Stylized Facts

Since the 1990s, capital goods prices relative to consumption prices have displayed 
three key patterns.6 First, the relative prices of the four main types of fixed capi-
tal assets—structures, machinery and equipment, transportation equipment, and 
intellectual property products—have evolved quite differently (Fig. 3, panels 1–4). 
According to data in the Penn World Table version 9.1 across 180 countries, the 
prices of tradable investment goods, namely machinery and equipment and trans-
portation equipment, have declined very significantly since the early 1990s when 
compared with the consumption deflator. The price of residential and nonresiden-
tial structures, on the other hand, has more closely tracked consumption prices 
and even increased since the mid-2000s, in relative terms, in advanced economies. 
Within tangible tradable capital goods, the dramatic decline in the relative prices 

6 See “Appendix 1” for country coverage, data sources, and variables definitions.
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of computing equipment (such as computer hardware, whose prices fell by 90 per-
cent since 1990) and to a lesser extent communications equipment (whose prices fell 
by almost 60 percent) (Fig. 3, panels 5–6) supports the hypothesis that advances in 
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Fig. 3  Dynamics of relative prices across types of capital goods and broad country groups. Note: Panels 
1–4 use data from the Penn World Table 9.1 capital detail file, while panels 5–7 use data from the EU 
and World KLEMS databases. The relative price of investment (for each type of capital good) is obtained 
by dividing the relevant investment deflator by the consumption deflator. The solid line plots year fixed 
effects from a regression of log relative prices on year fixed effects and country fixed effects to account 
for entry and exit during the sample period and level differences in relative prices. Year fixed effects are 
normalized to show percent change from the relative investment prices in 1995. Shaded areas indicate 95 
percent confidence intervals. AEs advanced economies; EMDEs emerging market and developing econo-
mies. Sources: EU KLEMS; Penn World Table 9.1; World KLEMS; and authors’ calculations
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information technology have played an important role in driving down the relative 
price of investment.7

These patterns also suggest that deepening trade integration might have supported 
the downward trend in capital goods prices. As depicted in Fig. 2, the rise in import 
penetration in the capital goods sector exceeded significantly that in other sectors 
of the economy. Among tangible capital goods, the decline in prices was most pro-
nounced in those that can be more easily traded across borders. The production 
of machinery and equipment is also strongly embedded in global value chains, as 
depicted in Fig. 4.

The second notable pattern is the slowdown in the pace of decline in the relative 
price of machinery and equipment in recent years. While up-to-date data are not 
widely available, Fig. 3, panel 2 suggests that the decline in relative prices of capital 
goods has been less pronounced since the global financial crisis, coinciding with a 
slowdown in global trade and the process of trade liberalization. Byrne and Pinto 
(2015) document a similar slowdown in the decline of high-tech equipment price in 
the case of the USA.

Third, despite the broad-based decline in the relative price of tradable capital 
goods over time, the prices of these goods vary substantially across countries, espe-
cially relative to the price of consumption. According to the latest data from ICP, the 
absolute price of machinery and equipment in 2011 was inversely related to coun-
tries’ development levels, with lower-income countries facing slightly higher prices 
than advanced economies.8 The same basket of machinery and equipment costs 
about 8 percent more in the median low-income country compared to the median 
advanced economy (Fig. 5, panel 1).

As established by earlier studies (see, for example, Hsieh and Klenow 2007), the 
difference between advanced economies and lower-income countries is particularly 
striking for the relative price of machinery and equipment (i.e., relative to the coun-
tries’ consumption price level). The relative price of machinery and equipment in 
the median low-income country is 2.7 times the price in the median advanced econ-
omy (Fig. 5, panel 2).

7 Measuring changes in the prices of goods that undergo substantial quality improvements, such as com-
puters, communications equipment, and so on, is a daunting task because of the difficulty of compar-
ing products with very different attributes (Schreyer 2002). Statistical offices make substantial efforts to 
accurately reflect these changes in price indices, although methodologies likely differ significantly across 
countries. The paper relies on the data provided by national authorities and compiled in Penn World 
Table 9.1.
8 This is in contrast to the findings of Hsieh and Klenow (2007) who use 1996 ICP data. Their analysis 
suggests that there is no correlation between GDP per capita and the absolute price of capital goods. 
Since their data indicate that poorer countries do not face a larger absolute price in investment goods, 
Hsieh and Klenow (2007) conclude that trade costs cannot play a role for the negative relationship 
between the relative price of capital goods and economic development. Using the 1996 ICP data, we 
confirm their results of no correlation between the absolute price of capital goods and economic develop-
ment; however, different findings emerge with 2011 ICP data.
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3  Drivers of Relative Investment Prices

In this section, we examine empirically the key sources of differences in the rela-
tive price of tradable capital goods across countries, and the factors underpinning 
the dramatic declines in the relative price of machinery and equipment over time.

In theory, the relative price of capital goods is shaped by several factors. Of 
prime importance is the efficiency with which an economy can produce machinery 
and equipment (or other tradable goods that it can exchange for investment goods) 
compared with the efficiency in other sectors.9 But that is not the only factor. In 
countries that import a significant fraction of investment goods (as in most emerg-
ing market and developing economies), the relative price of machinery and equip-
ment also reflects prices that international suppliers charge for these goods, as well 
as other factors that drive a wedge between international and domestic prices. These 
include various trade costs, such as transportation costs, the efficiency of the domes-
tic distribution sector, import tariffs, customs regulations, and the time and costs 
associated with the logistics of importing goods.10 We proceed to shed light on the 
importance of these factors in explaining both the cross-country heterogeneity in 
relative capital goods prices and their evolution over time.

3.1  Cross‑Country Analysis

Determining which factors explain the observed differences in the absolute and rela-
tive prices of tradable capital goods in the 2011 ICP data is a daunting task. Because 
price levels of capital goods that are comparable across countries are available only 
at one point in time, it is difficult to disentangle the causal contribution of various 
potential drivers. We examine each potential source of differences in capital goods 
prices across countries—namely trade costs, and relative efficiency in the produc-
tion of tradable goods—and relate these to the relative price of capital goods from 
the 2011 ICP data.

9 Hsieh and Klenow (2007) present a simple two-sector model in which the relative productivity in the 
production of capital goods across countries is conceptually tightly linked to countries’ relative efficiency 
in the production of all tradable goods, including tradable consumer goods (the well-known Balassa–
Samuelson effect). Their model delivers these patterns for relative prices, under the assumption that 
markups, factor intensities, and factor prices are equal across sectors, and that the share of non-trada-
bles is larger in consumption than in investment goods. However, 2011 ICP data suggest that the share 
of tradables is similar in consumption and investment; and focusing on just traded goods, the price of 
machinery and equipment relative to the price of traded consumption goods has declined significantly 
since 1990. Hence, it seems unlikely that differences the productivity in tradable vs. non-tradable sectors 
can fully explain the price of capital goods relative to the price of consumption. For more discussion on 
the Balassa–Samuelson hypothesis, see Taylor and Taylor (2004).
10 See Estevadeordal and Taylor (2013) for the role of tariffs; Sarel (1995) for the role of taxes; and Jus-
tiniano et al. (2011) for investment-specific technology shocks that would affect relative sectoral produc-
tivity. Cross-country differences in the relative prices of capital have been emphasized as an important 
factor explaining the lack of capital flows from rich to poor economies, as discussed in Caselli and Feyrer 
(2007).
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Trade costs tend to be much lower for advanced economies.11 Despite significant 
progress in liberalizing the international exchange of goods and services and reduc-
ing trade costs, emerging markets, and especially low-income developing coun-
tries, still face significantly higher policy-related barriers to trade than advanced 
economies, in addition to their larger natural trade barriers (Fig. 6). They tend to be 
located farther from key capital goods exporters, measured as the weighted average 
of a country’s distance to all other countries, where the weights are the share of cap-
ital good exports. They are also less connected to global shipping networks based on 
the UNCTAD index which captures the number of ships, their container-carrying 
capacity, maximum vessel size, number of services, and number of companies that 
deploy container ships in a country’s port.

EMDEs also impose significantly higher tariffs on imports of capital goods, and 
the time and cost associated with the logistics of importing goods—such as docu-
mentary and border compliance and domestic transportation—are substantially 
higher according to the World Bank Doing Business Indicators.

To understand whether countries with higher trade costs also exhibit a larger 
absolute price of capital goods we estimate the following regression:

where PI is the absolute price of capital goods from the 2011 ICP data of country i 
in 2011 and Trade Cost is either the distance to machinery and equipment exporters, 
the liner shipping connectivity, the freedom to trade internationally, the tariffs on 
capital goods, or the costs/time to import. In Fig. 7, panel 1 shows the coefficients of 
the above regression multiplied by one standard deviation increase in the measures 
of trade costs, for comparability across different types of trade costs. We find that 
countries with higher trade costs tend to have higher absolute prices of machinery 
and equipment.

(1)ln
(

PI

)

i
= � + � ⋅ ln(Trade Cost)i + �i

(Percent of exports, foreign value added)
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Fig. 4  Backward participation in GVCs. Note: The figure depicts the median and interquartile range of 
the sector’s backward global value chain participation (defined as the foreign value added in exports) 
across all economies in the Eora MRIO database deemed to have sufficient data quality at the sectoral 
level during 1995–2015. For calculation of backward participation in GVCs, see Aslam et  al. (2017). 
Sources: Eora MRIO database; and authors’ calculations

11 Data limitations prevent examination of the potential contribution of tax policies, such as accelerated 
depreciation or investment tax credits.
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Putting together the two key contending explanations of the cross-country disper-
sion in relative capital goods prices, namely trade costs and relative productivity 
differences, we examine their contribution to the cross-country variation in relative 
prices of capital goods. We estimate the following regression:

where PI

PC

 is the relative price of machinery and equipment (using ICP 2011 data), 
Trade Cost is the different measures of trade costs as described above and aT

aNT
 is the 

(2)ln

(

PI

PC

)

i

= � + � ⋅ ln

(

aT

aNT

)

i

+ � ⋅ ln(Trade Cost)i + �i

Fig. 5  Absolute and relative 
prices of machinery and equip-
ment across countries in 2011. 
Note: The absolute price of 
machinery and equipment is the 
price level of machinery and 
equipment relative to its USA 
level, derived by the ICP using 
a similar basket of products 
across countries. The relative 
price is the price of machinery 
and equipment relative to the 
price of consumption. GDP 
per capita is expressed relative 
to its USA level. All variables 
are in natural logarithms. AEs 
advanced economies; EMs 
emerging market economies; 
LICs low-income countries; 
PPP purchasing power parity. 
Sources: International Compari-
son Program (ICP) 2011; and 
authors’ calculations
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labor productivity in the tradable goods producing sector relative to the labor pro-
ductivity in the non-tradable goods producing sectors. Labor productivity is calcu-
lated as the real value added in the relevant sector, divided by the number of employ-
ees in the sector. We rely on the EORA global database to obtain nominal values of 
the relevant variables across a wide sample of countries and construct the prices of 
tradables and non-tradables using the 2011 ICP data. In a second step, we use these 
regression estimates to decompose the cross-country variation in the log of relative 
prices into the variance that can be explained by the relative productivity measure 
versus trade costs. Given the cross-sectional nature of the data, this analysis is purely 
illustrative. As elaborated in the next section, relative productivity and trade costs 
are not independent of one another, complicating the interpretation of their esti-
mated contribution to the variation in relative prices. The relative productivity in the 
tradable goods sector may be affected by trade barriers, as production of tradable 
goods likely relies on imported inputs. Furthermore, policy-related trade barriers 
may be erected with the goal of protecting low-productivity tradable goods sectors.

With these caveats in mind, Fig. 7, panel 2 shows that both relative productivity 
differences and trade costs are important in explaining the cross-country heterogene-
ity in relative prices. Together, relative productivity differences in the production of 
tradable goods and trade costs can explain up to 60 percent of the cross-country var-
iation in the relative price of machinery and equipment, depending on which meas-
ure of trade cost is used.12 Interestingly, policy-related trade barriers, such as tariffs 
and cost and time of importing, are a more powerful predictor of relative prices than 
natural barriers to trade such as distance and connectivity. While causal interpreta-
tion is difficult in the cross-country setting and in light of the likely relationship 
between relative productivity and trade barriers, these findings are consistent with 
the idea that the relative prices of capital goods are higher in emerging market and 
developing economies in part due to their higher trade barriers.

3.2  Time‑Series Analysis

Prior studies have primarily focused on the cross-country variation in relative capital 
goods prices [for example, Hsieh and Klenow (2007), and Sposi (2015)], as they 
explored the roles of trade and productivity. We aim to shed light on the drivers 
of the big declines in the relative prices of tradable capital goods over time. We 
show that differences in the rate of trade integration and relative productivity growth 
within countries over time can lead to large variations in relative prices.

We use sectoral producer price data across 33 sectors and 40 advanced and 
emerging market economies during 1995–2011 from the Socioeconomic Accounts 
of the World Input-Output Database. This allows us to control for all factors that 
affect prices equally across sectors within a country in a particular year (such as 
exchange rate fluctuations and policies, commodity price changes, aggregate 

12 Given the high correlation among different components of trade costs, including all the measures con-
sidered in the same regression, does not significantly increase the share of variation in relative prices that 
can be explained by trade costs.
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demand and productivity shocks, and the like) and all time-invariant differences in 
prices across countries and sectors.13

This approach faces two challenges. First, trade integration, in the sense of 
more market access for foreign producers (as measured by the ratio of imports to 
domestic sectoral value-added) fosters competition, inducing domestic producers 
to reduce markups of prices over marginal costs.14 In practice, the feedback from 
higher domestic prices to greater ability of foreign producers to gain market share 
complicates the interpretation of the estimated relationship between the two vari-
ables. To overcome this challenge, the analysis uses import tariffs as an instrument 
for exposure to trade, thus isolating changes in import penetration that were trig-
gered by policy choice, rather than those driven by changes in domestic prices.15 
Second, exposure to foreign competition affects relative domestic prices indirectly, 
through its impact on sectoral labor productivity as documented in numerous studies 
(see, for example, Ahn et al. 2019; Amiti and Konings 2007; Topalova and Khandel-
wal 2011). Thus, simply applying the elasticities estimated in the regression in the 
first step will understate the contribution of trade to producer price changes. To cor-
rect for this, we quantify the changes in labor productivity that can be attributed to 
changes in import penetration, and, in the second step, distinguish the contribution 
of trade-related changes in labor productivity from changes in productivity due to 
other factors (such as sectoral technological advances) to the decline in the relative 
price of machinery and equipment.

3.2.1  Regression Framework

We estimate two separate regressions to understand the contributions of global inte-
gration and productivity growth to the decline in the relative price of machinery and 
equipment in the past decades.

First, we estimate the sensitivity of relative producer prices at the sector level to 
changes in relative labor productivity and import penetration, using the following 
equation:

(3)

ln

(

Pi,j,t

P̄i,t

)

= 𝛼i,j + 𝜇i,t +
(

𝛽 + 𝜙 × 1{j is a capital goods producing sector}

)

×

[

ln

(

Mi,j,t

VAi,j,t

)

− ln

(

M̄i,t

VAi,t

)]

+ 𝛾 ln

(

LPi,j,t

LPi,t

)

+ 𝜀i,j,t,

13 The analysis relies on producer prices due to their availability for a wide range of sectors and coun-
tries. All sectoral variables are measured relative to their economy-wide equivalent.
14 In addition to fostering competition and reducing markups of domestic firm, opening up to trade can 
lead to specialization so that only high productivity firms continue to produce in the domestic market. 
This is the channel discussed in detail in Sposi (2015) and Mutreja et al. (2018).
15 While widely used in the literature, the choice of tariffs as an instrument for trade integration does not 
fully address endogeneity concerns as policy makers may set tariff rates in response to various political 
economy considerations.
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(Median, and interquartile range)
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Fig. 6  Trade costs in 2011. Note: Distance to exporters of machinery and equipment (M&E) is calculated 
as the weighted average of a country’s distance to all other countries, where the weights are equal to the 
partner countries’ exports of capital goods as a share of global capital goods exports. The UNCTAD liner 
shipping connectivity index captures how well countries are connected to global shipping networks based 
on five components of the maritime transport sector: number of ships, their container-carrying capacity, 
maximum vessel size, number of services, and number of companies that deploy container ships in a 
country’s port. The Fraser Institute’s Freedom to Trade Internationally index is based on four different 
types of trade restrictions: tariffs, quotas, hidden administrative restraints, and controls on exchange rate 
and the movement of capital. The cost and time indicators measure the cost (excluding tariffs) and time 
associated with three sets of procedures—documentary compliance, border compliance, and domestic 
transport—within the overall process of importing a shipment of goods. AEs advanced economies; EMs 
emerging market economies; LICs low-income countries. Sources: CEPII, GeoDist database; Eora MRIO 
database; Feenstra and Romalis (2014); Fraser Institute; United Nations Conference on Trade and Devel-
opment (UNCTAD); World Bank, Doing Business Indicators; and authors’ calculations
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1. Change in the Absolute Price of Capital Goods from a One Standard Deviation 
Increase in Trade Costs

(Basis points)

2. Cross-Country Variation in the Relative Capital Goods Price Explained by Relative 
Productivity and Trade Costs

(Percent)
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Fig. 7  Trade costs, relative productivity, and the price of capital goods in 2011. Note: Panel 1 depicts the 
percent change in the 2011 International Comparison Program (ICP) absolute price of machinery and 
equipment associated with a one standard deviation increase in alternative measures of trade costs. In 
panel 2, the cross-country variation in the 2011 ICP price of machinery and equipment relative to con-
sumption is decomposed into the share explained by differences in the labor productivity in the tradable 
goods sectors relative to the non-tradable goods sectors, and alternative measures of trade costs. M&E = 
machinery and equipment. ***p < 0.01; **p < 0.05; *p < 0.1. Source: Authors’ calculations
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where Pi,j,t

P̄i,t

 is the relative price of sector j in country i at time t; �i,j denotes coun-
try–sector fixed effects; �i,t denotes country–year fixed effects; 

ln
(

Mi,j,t

VAi,j,t

)

− ln

(

M̄i,t

VAi,t

)

 is the relative import penetration (measured as imports 

divided by value-added); and LPi,j,t
LPi,t

 is the relative productivity of labor (measured as 

real value-added per employee).16

The relative import penetration, ln
(

Mi,j,t

VAi,j,t

)

− ln

(

M̄i,t

VAi,t

)

 is instrumented by rela-

tive import tariff, defined as 𝜏i,j,t − 𝜏i,t , with 𝜏i,t defined as 
∑J

j=1
�i,j,t

J
 and �i,j,t is defined 

as

in which mi,k,l,t is the import of country i from country k in sector l at time t, and 
𝜏i,k,l,t is the tariff imposed on these imports. 𝜏i,k,l,t comes from the SITC 4-digit level 
bilateral preferential tariff data compiled by Feenstra and Romalis (2014).

Second, we estimate the impact of trade liberalization on relative labor productiv-
ity through the following equation:

where ln
(

Mi,j,t

VAi,j,t

)

− ln

(

M̄i,t

VAi,t

)

 is also instrumented by relative import tariff, due to 

the concern of reverse causality: if a country’s capital goods producing sector 
becomes more productive, it may import less machinery and equipment from 
abroad. The estimation results indeed confirm the need to address this endogeneity 
issue: the OLS coefficient is much smaller than the estimate obtained using the 
instrumental variable.

Import tariffs are assumed to satisfy the exogeneity conditions:

Table 1 lists the mean, standard deviation, 25th percentile, and 75th percentile of 
cross-sectional distribution of import tariff across country–sector pairs.17 The aver-
age tariff declined from 2.69 to 0.91 percentage points in advanced economies, and 

𝜏i,j,t =

∑

l∈𝛬j
mi,k,l,t𝜏i,k,l,t

∑

l∈𝛬j
mi,k,l,t

,

ln

(

LPi,j,t

LPi,t

)

= 𝛼LP
i,j

+ 𝜇LP
i,t

+
(

𝛽LP + 𝜙LP × 1{j is a capital goods producing sector}

)

×

[

ln

(

Mi,j,t

VAi,j,t

)

− ln

(

M̄i,t

VAi,t

)]

+ 𝜀LP
i,j,t
,

cov
(

𝜏i,j,t − 𝜏i,t, 𝜀i,j,t
)

= cov
(

𝜏i,j,t − 𝜏i,t, 𝜀
LP
i,j,t

)

= 0.

16 Z̄i,t =
J
∑

j=1

Zi,j,t, for Z ∈ {M, VA}.

17 Import tariff of sector i is the tariff on imported goods produced by sector i in other countries.
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from 6.07 to 3.84 percentage points in emerging market and developing economies 
between 1995 and 2011. While such changes in import tariff are not large, there is 
significant variation across sectors as depicted in Appendix Fig. 11.

In Table 2, column 2, we present the results from the first stage, the relationship 
between import tariffs and import penetration. As expected, country–sectors which 
experience larger cuts in import tariffs have higher import penetration. Column (1) 
of the same table suggests the robustness of the relationship between import tariff 
and import penetration by dropping relative productivity from the regression. Col-
umns (3) and (4) show the reduced form relationship between the instrument and 
the dependent variable of interest, namely relative producer prices. There is a strong 
negative link between import tariffs and producer prices, whether controlling for 
labor productivity or not.

Tables 3 and 4 report the main estimation results. A general pattern that emerges 
is that deeper import penetration increases the relative labor productivity of a 
domestic sector. It also reduces producer prices directly. As robustness tests, we 
allow � , � and �LP to differ across advanced economies and emerging market and 
developing economies, and the results are broadly the same.

The impact of import tariffs on import penetration and the association between 
import penetration and producer prices are economically significant. A 1 percent 
increase in the import ratio, which can be achieved by a 0.7 percentage point cut 
in tariffs, reduces the sectoral producer price by about 0.6 percent. Changes in 
labor productivity also have a significant impact on producer prices, with a 1 per-
cent increase in sectoral labor productivity reducing producer prices by about 0.3 
percent.

Moreover, labor productivity of the capital goods producing sector is particularly 
sensitive to deepening trade integration, a finding consistent with the larger reliance 
on global value chains for the production of these goods.18

It is worth highlighting that our findings on the role of import penetration remain 
qualitatively and quantitatively similar if we do not control for relative productivity 
in the regression analysis, for which finding an appropriate instrument is difficult 
(see Table  2 and Appendix Table  13). In column (8) of Table  4, we explore this 
issue by using the lagged value of relative productivity as an instrument for relative 
productivity and find broadly similar findings.

Figure  8 decomposes the average decline in the relative price of the machin-
ery and equipment producing sectors between 2000 and 2011 into four parts: (1) 
the direct effect of deepening trade integration; (2) the effect of trade integration 
through higher labor productivity; (3) the effect of higher labor productivity, which 
is not due to deepening trade integration; and (4) a residual. Rising trade integration 

18 These results suggest that if low-income countries were to bring capital goods’ tariffs to the level of 
those in advanced economies (in other words they reduce tariffs by roughly 8 percentage points), the 
price of investment goods would decline by about 16 percent (with roughly 40 percent of the decline 
coming from the direct trade integration effect and the rest coming from higher productivity in the capital 
goods sector due to greater import competition).
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accounts for the bulk of the decline in relative prices of machinery and equipment, 
both through its direct effect on producer prices and indirectly, through higher labor 
productivity of domestic capital goods producers. Productivity gains in the capital 
goods sector, which cannot be directly linked to trade integration, were also a signif-
icant factor.19,20 We also explore whether tariff affects producer prices by changing 
input costs. Appendix Table 14 suggests that this channel does not play a significant 
role on average in our sample.

4  Relative Price of Investment Goods and Real Investment Rate

This section aims to quantify the impact of relative investment prices on real invest-
ment rate. In particular, how much does the relative price of capital goods matter for 
a country’s investment rate? What share of the dramatic increase in machinery and 
equipment investment over the past 60 years can be attributed to the decline in the 
relative price of these goods? To answer these questions, we focus on medium-term 
changes in investment goods prices and its link with real investment rate.

The analysis in this section assumes that the relative price of investment moves 
due to supply shocks, rather than demand shocks.21 We view international trade 
and technological progress as the key drivers of these supply shocks, as discussed 
in the previous section. Since our focus here is on explaining long-run changes in 
real investment, supply shocks are the likely relevant drivers, given well-known evi-
dence from Blanchard and Quah (1989) that supply shocks are more persistent over 
time than demand shocks. We also provide evidence from an instrumental variable 

19 To decompose the change in the relative price of tradable capital goods from 2000 to 2011, we use the 
coefficients in column (4) of Table 2 and column (4) of Table 3 and calculate : (1) the direct effect of deepen-
ing trade integration, as the average of 𝛽 ×

{[

ln

(

Mi,j,2011

VAi,j,2011

)

− ln

(

M̄i,2011

VAi,2011

)]

−

[

ln

(

Mi,j,2000

VAi,j,2000

)

− ln

(

M̄i,2000

VAi,2000

)]}

 across 

countries and sectors classified as capital goods; (2) the effect of trade integration through higher labor pro-
ductivity, defined as the average of 𝛾 × 𝛽LP ×

{[

ln

(

Mi,j,2011

VAi,j,2011

)

− ln

(

Mi,2011

VAi,2011

)]

−

[

ln

(

Mi,j,2000

VAi,j,2000

)

− ln

(

M̄i,2000

VAi,2000

)]}

 

across countries and sectors classified as capital goods; (3) the effect of higher labor productivity, which is 

not due to deepening trade integration, defined as the average of � ×
{[

ln

(

LPi,j,2011

LPi,2011

)

− ln

(

LPi,j,2000

LPi,2000

)]

−𝛽LP ×

{[

ln

(

Mi,j,2011

VAi,j,2011

)

− ln

(

M̄i,2011

VAi,2011

)]

−

[

ln

(

Mi,j,2000

VAi,j,2000

)

− ln

(

M̄i,2000

VAi,2000

)]}}

 across countries and sectors 

classified as capital goods; (4) the contributions of other factors, i.e., the residual term.
20 Although the decline in tariffs was larger in EMDEs than in AEs (Table 1), we estimate roughly simi-
lar contributions of trade integration to the fall in the relative price of the machinery and equipment in 
these two country groups. This is due to the similarity in trade deepening across countries over this time 
period, which was driven not only by tariff cuts but also by reductions in other trade costs (e.g., falling 
transport cost and the like).
21 In addition, demand shocks are unlikely to explain the observed changes in prices and quantities, 
given that a negative (positive) demand shock would likely lower (increase) both the price and quantity 
of investment. In contrast, we see prices and quantities move in the opposite direction. Any remaining 
concerns about potential demand shocks affecting our analysis would be largely eliminated in our secto-
ral analysis, because changes in aggregate demand for investment would likely affect all sectors equally 
and would thus be captured in the fixed effects.
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approach in which relative investment prices are instrumented by relative import 
tariffs.

4.1  Cross‑Country Empirical Evidence

The empirical framework used to assess the role of relative investment prices for 
investment-to-GDP ratios is inspired by the reduced form relationship that can be 
derived from a number of theoretical papers, such as Restuccia and Urrutia (2001) 
and Sarel (1995). The general intuition from these models is that a shock that leads 
to a decline in the relative price of investment, such as productivity increase in the 
capital goods sector or a decline in capital goods tariffs, would raise the optimal 
(steady-state) level of capital stock as a share of output. Because a higher level of 
capital stock needs to be maintained, real investment would rise permanently as a 
share of real output in order to keep up with capital stock’s depreciation.

The general regression relates the log of the real investment-to-GDP ratio in 
machinery and equipment and the log of the price of machinery equipment relative 
to the price of consumption,22 controlling for all time-invariant differences across 
countries (µi) and period fixed effects (θt) to capture common global shocks:

The regressions are estimated on five-year non-overlapping window averaged 
data. This approach aims to smooth the influence of short-term fluctuations, and to 
capture the potential medium-run relationship.

Based on empirical studies of the long-run determinants of the aggregate invest-
ment rates,23 the set of additional controls includes lagged level and growth rate of 
real GDP per capita in purchasing-power-parity terms to account for possible con-
vergence effect, lagged dependent variable to account for persistence in investment 
rates, availability and cost of finance (proxied by real interest rates and credit-to-
GDP ratio). For comparability across columns with and without controls, we impute 
missing values in the control variables using a mean and include a dummy that takes 
the value of one when the data is missing for each of the control variables. The 
choice of control variables is primarily aimed at attenuating potential omitted vari-
able bias. The full list of data sources can be found in “Appendix 1.”

ln
(

RealM&E Investment

Real GDP

)

i,t
= � ⋅ ln

(

PM&E

PC

)

i,t

+ Controlsi,t + �i + �t + �i,t.

22 Real investment is used to reflect “quantities,” whereas nominal measures convolute quantities with 
prices. The price of machinery and equipment, PM&E , is constructed as a weighted average of the prices 
of machinery and of transport equipment: PM&E=

IMachinery

IM&E

PMachinery +
ITransport

IM&E

PTransport . Results are broadly 
similar if we focus only on investment in machinery and equipment and its relative price, instead.
23 For instance, IMF (2018) looks at the institutional drivers of private fixed investment, Lim (2013) 
analyzes the impact of a range of institutional and structural determinants of investment rates; Salahud-
din and Islam (2008) account for factors affecting investment rates in developing economies, Magud 
and Sosa (2017) analyze the influence of commodity prices on firm-level investment, and Collins and 
Williamson (2001) document the evolution of relative prices since the 1870s and their correlation with 
investment rates for eleven advanced economies.
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Estimation results, based on OLS and IV regressions, are reported in Table  5. 
The estimates are robust to alternative specifications, choice of subsamples, and 
estimation methods. In the instrumental variable (IV) regressions, three alternative 

Table 1  Summary statistics of output tariff by country group and year

Percentage point Advanced economies

Year Average (simple) Standard 
deviation

25th percentile 75th percentile

1995 2.69 2.27 1.29 3.01
2000 2.16 1.93 0.94 2.68
2005 1.02 1.26 0.29 1.07
2011 0.91 1.12 0.26 1.04

Percentage point Emerging market and developing economies

Year Average (simple) Standard 
deviation

25th percentile 75th percentile

1995 6.07 3.33 3.43 7.79
2000 4.41 2.30 3.06 5.15
2005 4.07 3.10 0.71 6.84
2011 3.84 3.21 1.18 5.49

Table 2  First-stage relationship, effects of import tariff on producer prices. Source: Authors’ calculations

All regressions include country–year and country–sector fixed effects. Standard errors clustered at the 
country–sector level in parentheses
***p < 0.01; **p < 0.05; *p < 0.1

Dependent variables Relative import 
penetration

Relative import 
penetration

Relative pro-
ducer prices

Relative 
Producer 
Prices

OLS OLS OLS OLS

(1) (2) (3) (4)

Import tariff − 0.014*** − 0.015*** 0.018*** 0.010***
(0.003) (0.003) (0.003) (0.003)

Relative  productivityt−1 − 0.021 − 0.289***
(0.013) (0.048)

Number of observations 16,057 16,057 16,057 16,057
R2 0.957 0.957 0.509 0.606
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instruments are used. First, the relative price is instrumented using its own lag. 
This strategy allows to minimize the bias (toward finding a negative relationship) 
stemming from the potential negative correlation in the measurement errors of real 
investment and its price, under the assumption that measurement error is unlikely to 
be correlated over time.24 Second, the relative price is instrumented with the aver-
age relative price of all other countries except the country’s own. This approach 
allows to isolate technologically driven changes in the relative price from those that 
may occur due to changes in demand for investment goods within a country, thus 
minimizing the measurement error bias as measurement error in a country’s own 
prices is unlikely to be correlated with measurement error in other countries’ prices. 
Third, the relative price is instrumented using log of import tariffs on capital goods 
relative to tariffs on consumption goods. The last two columns of Table 5 are esti-
mated excluding major capital goods exporting countries and excluding commodity 
exporting countries to account for the possible effect of commodity price booms on 
investment rates.

Across specifications, a 1 percent decline in the relative prices of tradable capital 
goods is associated with a 0.2–0.9 percent increase in the real investment rate over 
a five-year period. It is important to note that these empirical estimates likely rep-
resent an upper bound of the true effect of changes in relative price on real invest-
ment rates. As discussed above, relative investment prices are endogenous and 
reflect many factors, including changes in policies that could have a direct impact on 
investment rates.

Fig. 8  Contributions to changes 
in relative producer prices of 
capital goods: 2000–2011. Note: 
The figure combines the esti-
mated elasticities of producer 
prices to trade integration and 
relative labor productivity, and 
changes in these factors for the 
capital goods sector between 
2000 and 2011 to compute their 
contribution to the observed 
change in the producer price 
of capital goods relative to 
the price of consumption. AEs 
advanced economies; EMDEs 
emerging market and developing 
economies. Source: Authors’ 
calculations

(Percent)

-25

-20

-15

-10

-5

0

All AEs EMDEs

Other factors

Produc�vity not due to trade integra�on

Trade integra�on through produc�vity

Trade integra�on through direct effects

Total

24 If nominal values of investment rates are easier to observe, positive measurement error in invest-
ment volumes would imply negative measurement error in prices, thus imparting a negative correlation 
between the two variables. This is a standard measurement error bias (toward finding a negative correla-
tion) that arises when attempting to estimate the elasticity of a quantity with respect to its price.
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4.2  Sectoral Empirical Evidence

A sectoral perspective can complement the cross-country analysis in an important 
way. The relative price of capital goods is but one of the considerations that shape 
investment decisions. While the cross-country analysis attempts to control for many 
factors, the estimated relationship between real investment rates and prices could 
be biased due to the omission of factors that may correlate with relative prices but 
are not properly captured in the estimation. Sectoral analysis allows us to isolate the 
relationship between real investment rates and the price of investment across dif-
ferent sectors while properly accounting for the role of all factors that affect invest-
ment within a country in a particular year. These include financial conditions, econ-
omy-wide growth prospects, quality of regulations that affect investment returns, 
exchange rate fluctuations and policies, international capital flows, availability of 
complementary public infrastructure, and the like.

The data come from EU KLEMS and World KLEMS, which offers detailed 
information about the price level of different types of capital goods within Machin-
ery and Equipment: IT (computer hardware), CT (telecommunications equipment), 
transport equipment, and other machinery and equipment. The price of machinery 
and equipment, PM&E , is constructed as a weighted average of the prices of each of 
the four types of capital, as in the equation below.

The sample varies somewhat depending on the specification and data availabil-
ity for specific variables. Typically, the analysis relies on 18–19 countries, mostly 
European, with the addition of USA, UK, Brazil and Colombia, and uses 15 broad 
sectors, covering the period 1971–2015. This is an unbalanced panel.

The baseline specification mirrors that of country-level regressions, using 5-year 
averaged data, which is common in the literature when looking at long-term, slow-
moving factors. In the main specification, the log relative price of investment 
(expressed relative to the price of consumption) is instrumented with is lagged 
value.

A range of possible estimates using slightly different specifications are presented 
in Table 6. The estimated elasticity, according to which a 1 percent decline in the 
relative price of machinery and equipment investment is associated with a 0.2–0.5 
percent increase in real investment in these capital goods, is comparable to those 
uncovered in the cross-country analysis. The baseline specification includes coun-
try-period and country–sector fixed effects, where the period refers to five-year non-
overlapping periods. However, country-period fixed effects may absorb too much 

PM&E =
IIT

IM&E

PIT +
ICT

IM&E

PCT +
ITraEq

IM&E

PTraEq +
IOMach

IM&E

POMach.

ln

(

Real M&E Investment

Real VA

)

i,t,s

= � ⋅ ln

(

PM&E

PC

)

i,t,s

+ � ⋅ ln

(

Real M&E Investment

Real VA

)

i,t−1,s
+ �

i,t + �
i,s + �

i,t,s
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variation, for example, if there is an aggregate effect of the relative price of invest-
ment that is common to all sectors within a country–year. For that reason, an alter-
native specification includes country–sector and period (or year) fixed effects, where 
this problem is addressed (columns 5–8, Table 6).

Table 7 presents the baseline results first with country-period and country–sec-
tor fixed effects (columns 1–4), followed by period and country–sector fixed effects 
(columns 5–8), for each of four dependent variables: the machinery and equipment 
investment rate, followed by machinery and equipment investment, value added, and 
output per worker.

As a robustness check, Table 8 presents all the regressions presented in Table 7 
but using annual data. As expected, the estimated coefficients are smaller in magni-
tude when annual data are used instead of 5-year averages. However, all the results 
have the correct signs and are statistically significant, except for sectoral output per 
worker. As an additional robustness, we ran all the regressions from Table 5 exclud-
ing the commodity sectors (agriculture, forestry and fishing; and mining and quar-
rying), and the estimated coefficients were all the same sign, statistical significance, 
and generally slightly larger magnitudes.

Across both country-level and sector-level regressions, the evidence that the rela-
tive price of capital goods matters for investment decisions is strong. It is challeng-
ing to obtain an unbiased estimate of the elasticity of real investment with regard 
to prices, given the endogenous nature of relative price changes and problems with 
measurement. With those difficulties in mind, Fig. 9—as a purely illustrative exer-
cise—uses the estimated elasticity from the cross-country (instrumented variable) 
analysis and the post-1997 change in the relative price of capital goods in each coun-
try to decompose the change in real investment rate. The decomposition is based on 
Table 5, column 4, where the estimated coefficient on the relative price is the small-
est, to be on the conservative side. These changes comprise the parts attributable to 
(1) the decline in real investment prices; (2) other factors, such as change in relevant 
policies, global trends in investment, convergence, and growth expectations; and (3) 
the residual. The figure confirms that the dramatic decline in the relative prices of 
tradable capital goods can explain a sizable share of the increase in investment in 
tradable capital goods in advanced and emerging market and developing economies.

5  Conclusion

Our analysis provides new evidence on the drivers of the relative price of machin-
ery and equipment and its macroeconomic implications. Leveraging the dramatic 
changes in capital goods prices that have taken place over the past few decades 
across countries and sectors, and the latest available comparable cross-country 
data on prices from the ICP and detailed trade flow statistics, we provide evidence 
that trade costs and relative productivity both play an important role in shaping the 
relative prices of machinery and equipment across countries and over time. Across 
countries, those with higher trade costs and lower productivity in the tradable goods 
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sectors tend to pay a higher price for a comparable basket of machinery and equip-
ment in both absolute terms and relative to the price of consumption. Analysis of 
sector-level producer price data shows that, over time, reductions in distortionary 
trade policies and improvements in productivity both contributed to the decline in 
the relative prices of capital goods.

We also show that the decline in the relative price of capital goods has played a 
crucial role in increasing real investment rates over the past three decades. While 
exact quantification is challenging, empirical evidence suggests that a nontrivial 
share of the rise in real investment rates in machinery and equipment can be attrib-
uted to the dramatic fall in the relative price of these goods.

Taken together, our analyses suggest that the slowing pace of trade liberalization 
since the mid-2000s, and especially the possibility of its reversal in some advanced 
economies, could interfere with the tailwind to machinery and equipment invest-
ment generated by the falling price of capital goods. This finding provides an addi-
tional, often overlooked, argument in support of policies aimed at reducing trade 
costs and reinvigorating international trade.

Many emerging market and developing economies still maintain tariff and other 
trade barriers that significantly raise the relative price of investment paid by domes-
tic investors.25 Effective import tariffs on capital goods in 2011 were about 4 per-
cent in emerging market and 8 percent in low-income developing countries, com-
pared with close to zero in advanced economies. Fully implementing commitments 
under the World Trade Organization’s Trade Facilitation Agreement could mean a 

(Percent)

-40

-20

0

20

40

60

All AE EMDE

Rela�ve price Controls Residual

Fig. 9  Contributions of relative prices to increases in real investment in machinery and equipment, 
1997–2017. Note: The figure presents the contribution to the observed increase in real machinery and 
transport equipment investment-to-GDP ratios between 1997–2001 and 2017 from the relative price of 
machinery and transport equipment, other controls, and residual. Black square indicates the total change 
in real machinery equipment investment-to-GDP ratios. AEs advanced economies; EMDEs emerging 
market and developing economies. Source: Authors’ calculations

25 While the vast majority of emerging market and developing economies still have large investment 
needs, other countries (such as China) face the complex task of rebalancing growth models toward 
consumption and services, after decades of investment-led stimulus and policy interventions aimed at 
strengthening capital goods production and exports. Policy challenges are also different in some low-
income developing countries where import tariffs represent a significant source of government revenue, 
and tariff reform would need to be accompanied by measures to compensate for revenue losses.



 W. Lian et al.

reduction in trade costs equivalent to a 15-percentage point tariff cut in less-devel-
oped economies (WTO 2015).

In advanced economies, avoiding protectionist measures and resolving disagree-
ments without raising trade costs will be crucial to prevent further weakening of the 
lackluster investment growth since the global crisis of a decade ago.26
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gues  Bastos, Paulo Bastos, Oya Celasun, Andrei Levchenko, Mauricio Mesquita, Gian Maria Milesi-
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Jilun Xing and Candice Zhao for outstanding research assistance. The views expressed in this paper are 
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Appendix 1: Sources and Country Groupings

Data Sources

The primary data sources for this paper are the IMF World Economic Outlook data-
base, the Penn World Table (PWT) 9.1 database, including supplemental datasets 
on national accounts and capital detail, the World Input-Output Database (WIOD) 
Release 2013 and 2016, including both Socio Economic Accounts and World Input-
Output tables, and the EU and World KLEMS databases.

Data Definitions

Several sources of data on prices are used in the paper. The relative price of invest-
ment is defined relative to the price of consumption.

The cross-country stylized facts on relative prices and the associated analysis 
rely on the International Comparison Program (ICP) 2011, which provides the price 
level of machinery and equipment and the price level of consumption measured for a 
comparable basket of goods across countries in 2011.

The stylized facts presented in Figs. 1 and 3 and country-level panel regressions 
use data from the PWT 9.1 capital detail dataset, which provides data on deflators 
of various types of investment, and capital stocks. The corresponding consumption 
deflator comes from the PWT 9.1 National Accounts dataset.

The sector-level panel regressions, which examine the relationship between 
investment in machinery and equipment and its relative price, use data from the EU 
and World KLEMS databases. The relative price of investment is likewise defined 
as the ratio of deflators, in this case the machinery and equipment deflator and the 
country-wide consumption deflator.

26 Cavallo and Landry (2018) find that the rise in capital imports in the USA has added 5 percent to its 
output per hour since the 1970s, and that the imposition of tariffs on capital goods could lead to sizable 
productivity losses over the next decade.
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The sector-level panel regressions, which examine the drivers of sectoral pro-
ducer prices, rely on the sectoral gross output deflator from the WIOD Socio Eco-
nomic Accounts database (Table 9).

Country Groupings

The definition of advanced economies, emerging market economies, and low-income 
countries follows the October 2018 IMF World Economic Outlook’s definition.

Tradable capital goods sectors, which, for the purpose of this paper, include 
machinery and equipment and transport equipment, are identified in the following 
manner across data sources. In the WIOD database, sectors 400, 410, and 521 are 
considered capital goods producing sectors. In the Eora MRIO database, sectors 9 
and 10 are considered capital goods producing sectors (Table 10).

Table 9  Data sources. Source: Authors’ compilation

Indicator Source

Investment and GDP prices International Comparison Program 2011; Penn World Table 9.1; 
KLEMS; WIOD; Bureau of Economic Analysis

Investment-to-GDP ratios Penn World Table 9.1, including capital detail and national 
accounts; KLEMS; WIOD

Real GDP per capita in purchasing-
power-parity international dollars

Penn World Table 9.1

Interest rate IMF, World Economic Outlook database; IMF, International 
Financial Statistics; Organisation for Economic Co-operation 
and Development; Haver Analytics; Bloomberg; Caceres et al. 
(2016). Real interest rate is derived from the nominal interest 
rate and is adjusted for inflation as measured by the GDP 
deflator.

Credit-to-GDP ratio World Bank, Global Financial Development Database
Bilateral distance Centre d’Etudes Prospectives et d’Informations Internationales 

(CEPII) GeoDist Database
Global value chain participation Eora MRIO database; author’s calculations
Tariffs UNCTAD, Trade Analysis Information System; WTO Tariff 

Download Facility; Feenstra and Romalis (2014)
Freedom to trade internationally index Fraser Institute
Cost to import World Bank, Doing Business Indicators
Time to import World Bank, Doing Business Indicators
Liner shipping connectivity index UNCTAD, World Maritime Review
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Appendix 2: Comparison of Absolute and Relative Prices 
of Machinery and Equipment in 1996 and 2011 ICP Vintages

Using the most recent, 2011, vintage of International Comparison Program (ICP) 
data on prices across countries, we find that the price of producer durables (machin-
ery and equipment) is negatively related to GDP per capita—opposite of Hsieh and 
Klenow (2007) findings with the 1996 ICP vintage.

As shown in Appendix Fig.  10, panels 1 and 2, the relationship between the 
absolute price level of machinery and equipment and log GDP per capita is slightly 
positive and not statistically significant in 1996, but is slightly negative and statisti-
cally significant in 2011. Notably, Hsieh and Klenow (2007) report a likewise nega-
tive and statistically significant relationship using earlier 1985 ICP vintage (which 
remains negative and significant using black market exchange rates) and a negative, 

Table 10  Sample of economies included in the analytical exercises Source: Authors’ compilation

Sector-level analysis 
of drivers of relative 
producer prices and 
stylized facts

Australia, Austria, Belgium, Brazil, Bulgaria, Canada, China, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, 
India, Indonesia, Ireland, Italy, Japan, Korea, Latvia, Lithuania, Luxem-
bourg, Malta, Mexico, Netherlands, Poland, Portugal, Romania, Russia, 
Slovak Republic, Slovenia, Spain, Sweden, Taiwan Province of China, 
Turkey, UK, USA

Country-level analysis Albania, Algeria, Angola, Antigua and Barbuda, Argentina, Armenia, Aruba, 
Australia, Austria, Azerbaijan, The Bahamas, Bahrain, Bangladesh, Bar-
bados, Belarus, Belgium, Belize, Benin, Bolivia, Bosnia and Herzegovina, 
Botswana, Brazil, Brunei Darussalam, Bulgaria, Burkina Faso, Burundi, 
Cabo Verde, Cambodia, Cameroon, Canada, Central African Republic, 
Chad, Chile, China, Colombia, Comoros, Democratic Republic of the 
Congo, Republic of Congo, Costa Rica, Croatia, Cyprus, Czech Republic, 
Côte d’Ivoire, Denmark, Dominica, Dominican Republic, Ecuador, Egypt, 
El Salvador, Equatorial Guinea, Estonia, Ethiopia, Fiji, Finland, France, 
Gabon, The Gambia, Georgia, Germany, Ghana, Greece, Grenada, Guate-
mala, Guinea, Guinea-Bissau, Haiti, Honduras, Hong Kong SAR, Hungary, 
Iceland, India, Indonesia, Iran, Iraq, Ireland, Israel, Italy, Jamaica, Japan, 
Jordan, Kazakhstan, Kenya, Korea, Kuwait, Kyrgyz Republic, Lao P.D.R., 
Latvia, Lebanon, Lesotho, Liberia, Lithuania, Luxembourg, Macao SAR, 
Macedonia, FYR, Madagascar, Malawi, Malaysia, Maldives, Mali, Malta, 
Mauritania, Mauritius, Mexico, Moldova, Mongolia, Montenegro, Rep. of, 
Morocco, Myanmar, Namibia, Nepal, Netherlands, New Zealand, Nicara-
gua, Niger, Nigeria, Norway, Pakistan, Panama, Paraguay, Peru, Philip-
pines, Poland, Portugal, Romania, Russia, Rwanda, Saudi Arabia, Senegal, 
Serbia, Seychelles, Sierra Leone, Singapore, Slovak Republic, Slovenia, 
South Africa, Spain, Sri Lanka, St. Kitts and Nevis, St. Lucia, St. Vincent 
and the Grenadines, Sudan, Suriname, Swaziland, Sweden, Switzerland, 
Syria, São Tomé and Príncipe, Taiwan Province of China, Tajikistan, Tan-
zania, Thailand, Togo, Tunisia, Turkey, Turkmenistan, Uganda, Ukraine, 
UAE, UK, USA, Uruguay, Uzbekistan, Venezuela, Vietnam, Yemen, 
Zambia, Zimbabwe

Sector-level analysis of 
relative investment 
prices and investment 
rates

Austria, Brazil, Colombia, Czech Republic, Denmark, Finland, France, Ger-
many, Italy, Latvia, Luxembourg, Netherlands, Portugal Slovak Republic, 
Slovenia, Spain, Sweden, UK, USA
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ICP 1996 ICP 2011
1. Price of Machinery and Equipment 2. Price of Machinery and Equipment

3. Price of Consumption 4. Price of Consumption

5. Relative Price 6. Relative Price
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Fig. 10  Price levels across countries. Note: The absolute price of machinery and equipment is the price 
level of machinery and equipment relative to its USA level, derived by the ICP using a similar basket of 
products across countries. The relative price is the price of machinery and equipment relative to the price 
of consumption. GDP per capita is expressed relative to its USA level. All variables are in natural loga-
rithms. AEs advanced economies; EMs emerging market economies; LICs low-income countries; PPP 
purchasing power parity. Sources: International comparison program (ICP) 1996 and 2011; and authors’ 
calculations
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but not significant, relationship using the 1980 ICP vintage (which becomes positive 
and significant using black market exchange rates).

Currently, given better coverage of low-income countries and the methodological 
improvements described in Feenstra et al. (2015), the 2011 vintage is considered to 
be of the highest quality available for cross-country comparison.

In contrast to changing relationship for the absolute price level of machinery and 
equipment, the relationship between log GPD per capita and the price level of con-
sumption is consistently positive and strongly statistically significant across ICP 
vintages (panels 3 and 4). In combination, the price of machinery and equipment 
relative to the price of consumption (panels 5 and 6) is negative and statistically sig-
nificant across both vintages.

Appendix 3: Drivers of Relative Investment Prices: Across Countries

This Appendix section provides technical details on the analysis, which compares 
the level of capital goods prices across countries. The analysis relies on the ICP 
2011 data, which provides the price level of comparable baskets of capital goods for 
168 countries. The ICP reports absolute prices as a ratio to the corresponding US 
prices. When analyzing relative capital goods prices, the absolute price of machin-
ery and equipment is divided by the absolute consumption price.

To establish if there is correlation between absolute prices and various measures 
of trade cost, we estimate the following equation using ordinary least squares, with 
standard errors adjusted for heteroskedasticity.

where PI is the absolute price of machinery and equipment in country i in 2011. A 
separate regression is estimated for each measure of trade costs.

We consider the following measures of trade costs: (1) distance to exporters of 
capital goods, calculated as the weighted average of a country’s distance to all other 
countries, where the weights are equal to the partner countries’ exports of capital 
goods as a share of global capital goods exports; (2) the UNCTAD liner shipping 
connectivity index, which captures how well countries are connected to global ship-
ping networks based on five components of the maritime transport sector: number of 
ships, their container-carrying capacity, maximum vessel size, number of services, 
and number of companies that deploy container ships in a country’s port; (3) the 
Fraser Institute’s Freedom to Trade Internationally, which is based on four different 
types of trade restrictions: tariffs, quotas, hidden administrative restrains, and con-
trols on exchange rate and the movement on capital; (4) the average applied tariffs 
on capital goods imports, from Feenstra and Romalis (2014); (5) the cost to import 
and time to import indicators, which measure the cost (excluding tariffs) and time 
associated with three sets of procedures—documentary compliance, border compli-
ance, and domestic transport—within the overall process of importing a shipment of 
goods from the World Bank, Doing Business Indicators.

ln
(

PI

)

i
= � + � ⋅ ln (TradeCost)i + �i
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Appendix Table  11 provides the estimated coefficients as well as the percent 
change in absolute prices associated with a one standard deviation change in the 
alternative measures of trade costs.

When examining the determinants of relative prices in the cross section of coun-
tries, we estimate the following equation using ordinary least squares, with standard 
errors adjusted for heteroskedasticity.

The trade costs considered (one at a time) are the same as discussed above. Labor 
productivity is measured as the ratio of the value added of the tradable goods pro-
ducing sectors divided by the total employment in those sectors, and the value added 
of all non-tradable sectors in the economy divided by their employment. This meas-
ure is constructed using 2011 data from the Eora MRIO database and adjusted using 
2011 ICP prices to make productivity levels comparable across countries.

Appendix Table 12 provides the estimated coefficients. The regression-based 
decomposition is based on Shorrocks (1982). The contribution of each variable 
is calculated as the covariance between the (1) product of the estimated coef-
ficient and the value of the independent variable and (2) the dependent variable, 
divided by the variance of the dependent variable (Tables 11 and 12).

Appendix 4: Additional Stylized Facts and Robustness Tests

Appendix Fig.  11 shows that over-time change in tariff varies significantly across 
sectors. While tariff barely changed between 1995 and 2011 in a large fraction of 
country–sector pairs, its decline was greater than 5 percent in other cases.

ln

(

PI

PC

)

i

= � + � ⋅ ln

(

aT

aNT

)

i

+ � ⋅ ln(TradeCost)i + �i

Fig. 11  Density distribution of changes in import tariff from 1995 to 2011
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Appendix Table 13 reports the estimates of a variant of Eq. (3) that excludes rela-
tive labor productivity, and the instrumental variable for import penetration is still 
import tariff.

Appendix Table  14 reports regressions in which we regress relative producer 
price on input tariff, which, for sector i, is defined as the weighted average of tariffs 
on imported goods used by sector i as inputs. The weight for imported goods used 
by sector i and produced by sector j in other countries is the share of these goods in 
the value of imported goods used by sector i as inputs (Tables 13 and 14).
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