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Prices for several intermediate inputs, including cement, 
are higher in developing economies—particularly in Africa. 
Combining data from the International Comparison Pro-
gram with a global directory of cement plants we estimate 
an industry equilibrium model to distinguish between 
drivers of international price dispersion: demand, costs, 
conduct, and entry. Developing economies feature both 

higher marginal costs and higher markups. African markets 
are not characterized by higher barriers to entry and, if 
anything, feature relatively more competitive conduct. The 
small size of many national markets, however, limits entry 
and competition and explains most of the higher markups. 
Policy implications are discussed.
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1 Introduction

The prices of several goods, including intermediate inputs such as cement, broadband in-

ternet, steel reinforcement bars, and urea fertilizer, are highest on average in low-income

economies, many (though not all) of which are in Africa (see Figure 1). This fact is impor-

tant for at least two reasons. First, higher prices for intermediate goods can slow economic

growth (Jones, 2011). Second, this evidence runs counter to the general tendency for prices to

rise with national income (Balassa, 1964; Samuelson, 1964; Summers and Heston, 1991)—a

cornerstone of modern international macroeconomics.

The explanation for this unexpected cross-country pattern in price levels is not certain.

One view is that higher prices reflect higher costs of production. An alternative view is that

higher prices might instead reflect a higher markup. To the extent that prices do reflect a

higher markup, a variety of economic forces could lie underneath. Regulatory requirements

(e.g., environmental standards) or disadvantageous market institutions (e.g., borrowing con-

straints, expropriation risk) can increase entry costs and reduce entry and competition. Given

entry, collusive conduct (e.g., cartels) also increases markups. Higher markups could reflect

a small market size that is unable to sustain more than a few competitors. The appropriate

policy response, if any at all, critically hinges on quantifying the relative importance of these

forces. Such a quantification exercise is complicated by a lack of consistent data on prices,

quantities, and market structure across economies.

This paper distinguishes between these hypotheses in the case of Portland cement, an

industry that is both of intrinsic relevance but also affords a number of methodological

advantages. Cement is a critical input in the construction sector and thus in aggregate

investment, with the average economy spending 1.3 percent of GDP on it in our data. We

combine a recent panel of internationally comparable prices from the 2011 and 2017 rounds

of the International Comparison Program (ICP) with a directory of cement plants in 96

economies on all continents. These data allow us to tease apart and quantify drivers of

markups and costs in the global cement industry. We do so by estimating a model of a

cross-section of markets in which identification of markups and costs is well understood.

Analysis of the model yields four main insights. First, in an industry characterized by

a relatively homogeneous product, differences in marginal costs and markups contribute

roughly an equal share to the average difference in prices across economies. Africa stands

out because it had the highest average US dollar cement price of any continent in 2011, the

highest average marginal cost, and the highest average markup, at about 50 percent.

Second, by 2017 the average cement price in Africa had fallen by one-third, due three-

fifths to a decline in marginal cost and two-fifths to a decline in the markup. These de-
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clines coincided with substantial entry and investment in new capacity. While markups and

marginal costs in Africa remain somewhat higher than the global average, these differences

are far less pronounced than at the beginning of the decade. This result casts doubts on

views that emphasize deep rooted institutional differences as the direct cause of Africa’s

initially higher prices and markups.

Third, to the extent that markups in Africa remain high, our estimates suggest this is

not due to higher barriers to entry or to widespread cartel conduct across the continent. We

identify fixed costs from actual firm entry decisions and find them to be economically signif-

icant and in line with figures reported in industry publications. These costs however are not

systematically higher in Africa compared to other continents, suggesting that Africa does not

have extraordinarily high barriers to entry. We identify conduct following the argument in

Bresnahan (1982) generalized by Berry and Haile (2014).1 While Cournot competition pro-

vides an accurate characterization of conduct in the average market, we estimate differences

in conduct across economies. Conditional on the number of firms, more geographic concen-

tration of urban centers within a national market lowers markups, while contact between

firms in other countries, which theoretically could facilitate collusion, increases markups,

consistent with evidence from the United States (e.g., Syverson, 2004; Evans and Kessides,

1994). Yet, quantitatively these factors cannot account for the high price of cement in Africa.

This is consistent with the fact, presented in Section 2, that there are fewer known private

cement cartels in Africa compared to other continents.

Finally, our estimates suggest that higher prices and markups reflect the small economic

size of many national markets on the continent. Fixed costs of establishing a cement plant

imply increasing returns to scale and a minimum threshold market size below which a firm

will not enter. Many African countries have small market sizes that can only support a

limited number of firms.2 Once market size is properly accounted for, cement markets in

Africa do not appear to be characterized by especially high levels of distortions induced by

poorly functioning institutions. Consistently with this view, rapid entry occurred in Africa

at a time of rapid economic growth. Our evidence is thus in line with Hallward-Driemeier

and Pritchett (2015) who observe that, across countries, it is likely the fundamentals of costs

and demand, rather than rules and regulations, that guide firm decision-making. We discuss

the policy implications of these findings in the conclusions.

Though our findings come from a single industry, they contribute to the understanding

1The conduct parameter characterizes the oligopoly solution concept, conditional on market concentra-
tion, costs, and demand elasticity. Different values of the parameter distinguish between perfect competition,
Cournot competition, and a cartel that jointly maximizes firms’ profits (e.g., Atkin and Donaldson, 2015).
Joint profit maximization can be illegal whereas Cournot competition need not be (Whinston, 2008).

2Some are also landlocked, or with less road density. Importing cement is thus expensive.
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of differences in market structures across countries, a topic pioneered by Bain (1966). Basic

oligopoly theory predicts a positive relationship between the markup and market concentra-

tion. In low- and middle-income economies, the concentration of both sales and employment

is substantially higher (Mitton, 2008). High markups in sufficiently many industries in

the economy can lead to lower aggregate income in the economy as a whole (see Edmond,

Midrigan and Xu, 2018; De Loecker, Eeckhout and Unger, 2020; Baqaee and Farhi, 2020).3

However, little is known about the underlying causes of high concentration. One hypothe-

sis is that it is enforced by oligarchies led by major producers that use political power to

erect entry barriers against new entrepreneurs, e.g., Acemoglu (2008). In support of this

hypothesis, empirical work has documented regulation of entry by governments (Djankov,

La Porta, Lopez-de Silanes and Shleifer, 2002), damages from cartels (Ivaldi, Jenny and

Khimich, 2016), and relatively lower profit margins in nontradable sectors in countries with

greater legal scope for antitrust policies (Besley, Fontana and Limodio, 2020).

The case of the cement industry however points to an alternative hypothesis in which,

due to increasing returns to scale, market size plays a comparatively more important role

in accounting for higher concentration and markups. Unlike in the influential model of

development formalized by Murphy, Shleifer and Vishny (1989), in which small market size

inhibits the adoption of technology with a higher fixed cost and lower marginal cost, our

evidence suggests an additional mechanism in which a small market size reduces the number

of entrants and leads to higher markups and market power. Entry barriers and cartel conduct

are not a binding constraint and income can only grow when firms get access to a larger

market, for instance through exporting (Van Biesebroeck, 2005) or broadening the income

distribution (Goldberg and Reed, 2021).

Several recent contributions have studied competition in developing countries focusing

on the agriculture sector (e.g., Bergquist and Dinerstein, 2020; Zavala, 2020; Rubens, 2021;

Macchiavello and Morjaria, 2021; Bai, 2021; Ghani and Reed, 2022; Casaburi and Reed,

2022). We complement these contributions with an analysis of differences in market structure

in an important manufacturing industry across countries.4 Besides the different context and

scope of our analysis, we hope to demonstrate the value of using a transparently identified

(Andrews, Gentzkow and Shapiro (2017)) structural industry equilibrium model in the vein

of the Empirical Industrial Organization literature (see Bresnahan, 1989; Einav and Levin,

3Cherif, Dhungana, Fang, Gonzalez-Garcia, Mendes, Yang, Yenice and Eun Yoon (2020) estimate markups
in Africa across many industries and finds levels comparable to our estimates. De Loecker and Eeckhout
(2018) report a relatively lower markup among publicly traded firms in South Africa.

4Our approach is inspired by Goldberg and Verboven (2001); Kalouptsidi (2014); Atkin and Donald-
son (2015); Asker, Collard-Wexler and De Loecker (2019), analyses of cross-country differences in the car,
shipping, trade, and oil industries. Costinot, Donaldson, Kyle and Williams (2019) document the role of
domestic market size in explaining cross-country differences in pharmaceutical industries.
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2010; Berry, Gaynor and Scott Morton, 2019) to answer important questions in development

economics.

Given its economic importance and methodological appeal, a large empirical literature has

studied the cement industry. Many studies have sought to describe the industry equilibrium

in a specific economy, for instance as in Brazil (Salvo, 2010), India (Bhayani, 2010), Norway

(Röller and Steen, 2006) and the United States (Jans and Rosenbaum, 1996; Newmark, 1998;

Ryan, 2012; Miller and Osborne, 2014; Fowlie, Reguant and Ryan, 2016; Miller, Osborne,

Sheu and Sileo, 2022). In contrast, our goal is to explain sources of variation in prices across

countries and contribute to macroeconomic debates on the price of investment (Easterly,

1993; Jones, 1994; Hsieh and Klenow, 2007).

Three closely related papers also study cross-country differences in the cement industry.

None of these papers, however, estimates costs (and thus markups) and their underlying

drivers. Ghemawat and Thomas (2008) use the global cement directory to describe the

strategic decision of multinational cement firms to enter national markets. The World Bank

(2016) highlights high prices of cement (and other products) in Africa, using the 2011 IPC

data.5 Beirne and Kirchberger (2021) combine the global cement directory with IPC data like

we do and show that cement prices are higher in more concentrated markets. The authors

embed an oligopoly model of the cement industry into a general equilibrium model and show

that the steady-state capital stock in Africa is most sensitive to changes in markups in the ce-

ment industry. Despite using the same data, our paper differs from, and complements theirs,

in three ways. First, we estimate a structural model rather than a reduced-form relationship

between market concentration and prices.6 Second, differences in modeling approach (and

identification strategy), lead to a distinct focus: while we do not link concentration in the

cement industry to the aggregate capital stock, our model allows us to disentangle drivers of

costs and markups in the industry and perform rich counterfactuals. Finally, we highlight

the rapid decline of prices in Africa, rather than exclusively cross-sectional differences in

price levels. These distinctions, supported by the model’s estimates, lead to rather different

conclusions with respect to drivers of cross-economy price dispersion, and how it may (or

may not) be addressed by public policy.

The rest of the paper unfolds as follows. Section 2 presents the data, motivating facts,

and industry background. Section 3 introduces the model. Section 4 applies the model

5Hassan (2016) finds that the overall price level falls with national income among low-income economies in
Africa. Higher prices in low-income economies have been documented for generic pharmaceuticals (Silverman,
Keller, Glassman and Chalkidou, 2019) and mobile internet (Faccio and Zingales, 2017).

6See Berry et al. (2019) for a discussion of the difficulties in interpreting reduced-form relationships
between market structure and markups (and, a fortiori, prices) in the spirit of the older ‘structure-conduct-
performance’ paradigm.
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to the global cement industry and presents our identification and estimation strategies.

Section 5 reports the main empirical results and considers potential threats and sensitivity

to identification assumptions. Section 6 discusses policy implications.

2 Data, Motivating Facts, and Industry Background

We begin by describing our data and three unique characteristics of cement markets in Africa

that motivate this research. A variety of hypotheses could account for these facts, necessi-

tating an economic model to distinguish them. This section closes by providing background

on the technology, market structure, and demand of the cement industry as a prelude to the

model.

2.1 Data

The sample of cement markets includes 96 economies with available data on cement and

input prices, consumption and production quantities, the number of cement firms, and other

market characteristics. Over the two years of the panel, 2011 and 2017, our sample has

169 observations.7 Price data are from the ICP, which in 2020 released the first ever large-

sample cross-economy panel of average prices of investment goods (World Bank, 2020b). The

ICP data are the empirical basis for the measurement of global output by purchasing power

parities and represent the statistical best practice in terms of the care taken to ensure prices

refer to the same quantity and quality of the good, such that they are comparable across

economies.

The cement price used is for one metric ton of ordinary Portland cement in bags or bulk

delivery. Given this definition suggests transportation costs may factor into in prices, in our

empirical model, we include variables related to transportation costs, including road density

and the price of diesel, in the measure of marginal cost. Average prices are calculated from

either regular surveys underlying the national consumer and producer price indices, or a

special national survey fielded for purpose of the ICP. No alternative database of cement

prices that are comparable across economies exists. Prior to 2011, the ICP only collected

data from several ‘core’ economies in each continent.

2.2 Motivating Facts

The data reveal three facts about African cement markets that motivate our research.

7Appendix A includes a detailed description of the sources, and summary statistics for each variable in
the sample are provided in Table A1.

6



1. The average price of cement in Africa was the highest of any continent in 2011, and

consumption was the lowest. Panel A of Table 1 reports average prices in each continent

and year in our sample, showing that the price in Africa is the highest in 2011, at

$252/t. This pattern is also visible on the global map of prices in Figure A2. High

cement prices on the continent have been highlighted by others (e.g., World Bank,

2016; Beirne and Kirchberger, 2021), in part because they stand in stark contrast to

the implications of the classic theory of international price differences (Balassa, 1964;

Samuelson, 1964; Bhagwati, 1984). According to this theory, lower wages in Africa

should lead to a lower price of cement. Even though cement production is not labor

intensive, lower productivity in the non-tradable sector could reduce the price of other

locally procured inputs (Hsieh and Klenow, 2007). While high prices could lead to

lower consumption by moving down the demand curve, lower consumption could also

reflect exogenously lower demand conditional on prices, due for instance to lower GDP

per capita or population in African countries.

2. African economies have on average fewer cement firms and less production capacity

than other continents. Panel B of Table 1 indicates that the average economy in

Africa had just 1.2 firms in 2011, adjusted for market concentration. Throughout, we

refer to the (concentration-adjusted) number of firms, or N?
it ≡ 1/Hit, where Hit is

the Herfindahl index of capacity concentration.8 Average installed capacity in each

African economy is similarly low, at 3 megatons per annum in 2011.

3. The average price of cement in Africa fell by more than any in other continent between

2011 and 2017, coinciding with entry and capacity installation. Panel A of Table 1

shows the average price of cement in Africa had fallen by one-third to $167/t, substan-

tially less than the price in North America. In just six years, cement in Africa was

less expensive than in several other continents (comparing the 2011 and 2017 maps

in Figure A2 illustrates the pattern). A potential explanation for the fall in prices is

shown in Panel B of Table 1. Between these years there was a substantial increase in

the average number of firms (by 58.5%) and average installed capacity (by 70.3%).

An important question is the extent to which the observed increase in the number of

firms and capacity explains the decline of cement prices and, if so, through which channels.

8N?
it is the number of firms such that Hit = N?

it(1/N
?
it)

2 = 1/N?
it. A practical advantage of this measure

is that it reduces the correlation of our measure of market structure with market size, which may arise for
instance in the few especially large markets in the data. For instance China had 27 firms in 2017, but it
has a concentration-adjusted number of firms of 6.2. The United States, in comparison, had 17 firms and
a concentration-adjusted number of firms equal to 12.7. Further, this transformation allows us to capture
information on market share in a way that is theoretically consistent with the model in Section 3.
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The evidence suggests potential roles for both reductions in marginal costs and in markups

through entry of new firms. Figure 2 shows a plot and linear best fit line of the change in

price in a economy between 2011 and 2017 and the change in the number of firms. Changes

in prices in this figure are real, adjusted for inflation by subtracting off the change in the

local PPP price index. Several economies including Burkina Faso, Cameroon, Cote d’Iovire,

Mali, and Zambia experienced substantial declines in price and also increases in the number

of firms by 2 to 4, amounting to economically meaningful declines in concentration. Other

economies including Lesotho, Mauritius, and Sierra Leone experienced substantial reductions

in prices without changes in market structure, suggesting a role for reductions in marginal

cost.

To the extent that prices in Africa remain high, another important question is whether

this is due to higher barriers to entry or to widespread cartel conduct across the continent.

To summarize the candidate hypotheses, Figure 3 reports average values by continent of

four proxies for market competitiveness. The first (upper left-hand) panel shows that the

effectiveness of anti-monopoly policy, according to a survey of experts (Schwab, 2019), is

highest on average in Europe and North America and the second lowest in Africa (though

in South America it is lower). This fact is often used to suggest that insufficient antitrust

could explain high prices in Africa (e.g., World Bank, 2016; Cherif et al., 2020). A different

pattern emerges however in the second (clockwise, upper right-hand) panel, which shows the

share of consumption sold under a known private cartel (Connor, 2020). Here, less than 10

percent of cement consumption is sold under a known cartel in the average African economy,

while more than 90 percent of cement consumption is sold under a cartel in Europe.9 Taken

at face value, this result suggests Africa is less cartelized than other continents. Of course,

cartels in Africa could be unknown because of less effective anti-monopoly policy leading to

fewer investigations so these data are not conclusive.

The bottom two panels of Figure 3 show averages of two more variables suggesting alter-

native hypotheses. Africa is in the middle of other continents in terms of procedures to start

a new business, as reported by the Doing Business Indicators (World Bank, 2020a). There

are more procedures in Africa compared to Europe and North America, suggesting entry

barriers might play a role in higher prices. However, this evidence is also not conclusive.

Hallward-Driemeier and Pritchett (2015) show that there is zero correlation between this

de-jure measure of the number of procedures required to start a business and the de-facto

time business owners report to get an operating license in another survey. The last (lower

9Almost all variation in these data is cross-sectional, as most economies with cartels have them in 2011
and 2017. Two economies that change cartel status between years do have prices that move as expected.
Between 2011 and 2017 Indonesia removes a cartel and prices fall ($129/t→ $106/t), while the Philippines
gain a cartel and prices rise ($113/t→ $122/t).
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right-hand) panel points to yet another potential hypothesis, showing the average cement

consumption by continent. Here, African markets have the lowest average cement consump-

tion, indicating small market size and potentially low demand. This evidence is also not

conclusive, since consumption is endogenous to prices.

2.3 Industry Background

The model in the next section will be used to distinguish between alternative explanations

for cement price levels and changes. The structure of the model is informed by the specific

characteristics of the cement industry: technology, market structure, and demand.

Technology. Portland cement (hereafter cement) is the most widely used type of hydraulic

cement, which hardens when combined with water. The main inputs to cement production

are limestone, clay, and gypsum, which are heated in a kiln to form clinker. Clinker is ground

into a fine powder, which finished cement. Cement is a tradable input to ready-mix concrete,

which is cement mixed with gravel, sand, and water, and delivered to a construction site.

Unlike cement, ready-mix concrete is non-tradable because it is a service (i.e., mixing and

delivery).

The cement industry is characterized by increasing returns to scale at the firm level

(Norman, 1979). An important source of increasing returns is the capacity installation cost

equaling about US$150 million per megaton (million tons) of annual production capacity

(Cembureau, 2021). This fixed cost must be paid back by earnings over time, implying a

minimum threshold market size below which firms do not enter. As a result, installed capacity

is closely related to consumption volume across economies, as shown in Figure 4. Economies

below the 45o line do not have enough domestic production capacity to satisfy consumption,

and import some consumption. At very low levels of consumption, most economies are

below the 45o line, and several have no domestic production capacity at all. However, as

consumption increases, it becomes more common for economies to have domestic production

capacity in excess of consumption.

Market Structure. In the presence of increasing returns to scale, some markup of prices

over marginal cost is required to cover fixed costs, and the market is therefore characterized

by some degree of imperfect competition. Moreover, a cement market with at least one

producer cannot be characterized by perfect competition, under which price equals marginal

cost, since then no profit would be available to fund fixed costs, and no firm would enter. The

industry includes domestic and multinational firms. Multinationals may strategically enter

9



markets where they face familiar competitors, potentially facilitating collusion (Ghemawat

and Thomas, 2008).

Demand. Population, income, and construction investment determine demand. In our

sample cement expenditure itself accounts for 1.3 percent of GDP on average, or 13.5 percent

of construction investment. We consider several alternative estimates of a demand curve,

where Qit, the total quantity of cement in each economy i and year t, is a function of the

price Pit (measured in US dollars, for comparability across countries) and exogenous market

characteristics Dit:

ln(Qit) = α0t + α1 ln(Pit) + αDDit + ξit. (1)

The market price elasticity of demand (expressed as a positive number) is η ≡ −∂Qi

∂Pi

Pi

Qi
=

−α1. To account for potentially endogenous prices that could bias our estimate of −α1, we

exploit the international data and use cement exports to the world of the nearest neighboring

country as an instrument for the cement price in a country. These exports proxy for the

availability of low-cost imports. Intuitively, if a firm in country i prices too high, competitors

can import cement from country i’s neighbor, especially if the neighbor exports large cement

volumes. The threat of imports from the neighbor therefore shifts the price Pi, but is

plausibly unrelated to unobserved local demand ξit.
10

The neighboring country is identified using the minimum of the bilateral distances be-

tween country centroids reported by Head and Mayer (2014). The first stage relationship

between prices and exports of the nearest neighbor is shown in Figure 5. Though there is

substantial variation in prices within countries whose neighbor does not export, all countries

with a neighbor who exports substantial quantities have lower prices, which is consistent

with our argument about the relevance of the instrument.

The identifying assumption behind this instrument is that exports of the nearest neighbor

are related primarily the size of the neighbor’s domestic market and available factors, rather

than unobserved local demand ξit. Genesove and Mullin (1998) use a similar approach to

identify the elasticity of demand for sugar in the United States, instrumenting for the United

States price with the volume of sugar imports to the United States from Cuba in a time series.

10We experimented with alternative cost shifter instruments, namely the prices of diesel and electricity.
Using these prices as instruments for the cement price, the estimated elasticity was not statistically different.
We prefer the neighbor’s exports to these candidate instruments because the specification with the price
of electricity had fewer observations due to limitations of the ICP electricity price series, leading to larger
standard errors, and because of concerns that diesel is a complement to cement, and so enters directly into
demand. In Section 5, we evaluate the sensitivity of markups to beliefs about violations of the exclusion
restriction related to the neighbor’s exports.
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Most of our variation in contrast is cross sectional, across countries, so we use exports of

different countries. Suppose a country in our sample were the United States as in the sugar

example; then we are using the equivalent of Cuban exports to the world to instrument for

price in that country. Compared to the approach of using the neighbor’s imports, using

the neighbor’s exports to the world provides us with greater assurance that the instrument

is unrelated to local demand, since exports to the world are determined by international

demand.11 A neighbor’s exports of cement are generally either much more or much less than

local consumption of cement: the standard deviation of the ratio of the nearest neighbor’s

exports to local consumption is 1.4.

Table 2 reports several estimates of Equation (1) using this instrument, with all market

characteristics in natural logs. Estimates of the demand curve are broadly in line with

industry accounts and existing studies of the industry. In all Columns 1-5 the demand

elasticity is greater than 1, consistent with the exercise of market power. The model in

Column 1, which includes no market characteristics, yields η = 1.96 (s.e. = 0.80). The

Kleibergen-Paap F-statistic of the first stage relationship is 29.23, well above the heuristic

threshold of 10. Column 2, which includes population, GDP per capita, and the construction

share of GDP, all of which have positive and significant effects on demand, yields η = 1.38

(s.e. = 0.26), and has a slightly larger first stage F-statistic of 30.65. The lower standard error

and higher F-statistic in this specification motivate retaining these demand shifters in the

demand curve. All are plausibly exogenous, with population and GDP per capita determined

over the long term. The share of cement in construction investment (13.5 percent in our

sample), leads construction investment to be considered exogenous to unobserved cement

demand or costs (e.g., Syverson, 2004).

An assumption required for identification of any demand elasticity is that shocks to

demand for complements and substitutes enter into the error term ξit as a scalar index

(Berry and Haile, 2014). While we do not observe consumption of such goods in each

economy, Column 2 does include the log of the construction share of GDP as a control that

is correlated with demand for these goods. In addition, in Column 3, we include the exchange

rate, which may affect demand for imported construction goods, the price of diesel, and the

price of aggregate. The latter two prices may affect the ready-mix concrete industry, which

is a major consumer of cement. In this specification these variables do not have a significant

effect on demand, and the elasticity changes little relative to Column 2, at η = 1.41 (s.e. =

0.36), though it has a higher standard error. For these reasons, and because the ICP reports

the price of aggregate for a smaller set of countries, we prefer the specification in Column 2

11Genesove and Mullin (1998) study the period 1890-1914, and it is plausible they did not have access to
comprehensive data on Cuba’s sugar exports to the world during that time period.
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to that in Column 3.

Columns 4 and 5 provide additional robustness tests. In Column 4, the GDP per capita of

the neighboring country is included as a control for the fact that demand in the neighboring

country may be correlated with local demand. Reassuringly, this control is not statistically

significant and the estimated elasticity does not change materially. This result provides sug-

gestive evidence in support of our exclusion restriction. In Column 5, the same specification

as in Column 2 is estimated using as an alternative instrument the exports of all countries

weighted by their inverse distance. The elasticity does not change significantly, though the

F-stat is lower. Of all these specifications we prefer Column 2.12

3 A Model of Equilibrium Prices, Markups, and Entry

Given data availability, we present a standard model of a cross-section of markets (e.g.,

Berry and Waldfogel, 1999). Each economy is a distinct market, and market concentration

is determined endogenously as the result of a two-period entry game. In the first period,

firms indexed by j decide whether to enter and operate in each market i. In this exposition

we suppress the subscript t for observations of the same market i in different time periods.

In the second period, conditional on Ni, the number of firms that entered market i in first

period, each firm choses the quantity they supply in each market, qij. If no firms enter, the

price will be set by imports.13 Firms may be multinational, in that they operate in multiple

economies.

Firms may interact strategically so that one firm’s quantity choice qij in the second period

affects other firms’ profits through the aggregate quantity Qi =
∑

j qij. This relationship is

summarized by a conduct parameter λi ≡ ∂Qi

∂qij
(see e.g., Genesove and Mullin, 1998; Atkin

and Donaldson, 2015). The case λi = 0 coincides with perfect competition, under which

firms do not interact strategically. The case λi = 1 coincides with either a monopolist (when

Ni = 1) or the Nash equilibrium of the Cournot oligopoly game (when Ni > 1) in which

the firm perceives the choices of others to stay the same when choosing quantity. The case

12We experimented with estimating a heterogeneous demand elasticity, for instance one that varies with
the construction share of GDP, which might affect price sensitivity. Here we found some evidence that
demand becomes less elastic when construction is a greater share of GDP, but the interaction was not
statistically significant. Further, allowing the elasticity to vary according to the insignificant heterogeneity
in the construction share of GDP did not change our quantitative estimates of markups significantly.

13Imports can also shape pricing in an equilibrium where firms do enter, in two possible ways. One, cement
producers may also import cement and distribute it locally, setting their marginal cost equal to the cost of
imports. In a variation, firms may import clinker and grind it locally, effectively separating the production
process across multiple countries. Two, the threat of imports can regulate firms’ conduct, as in Salvo (2010).
This model allows for marginal cost and conduct to vary across markets, potentially capturing both of these
mechanisms.
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λi = Ni corresponds to a model of joint profit maximization, where a firm’s output changes

are matched by all other firms.

In principle, different equilibria may hold in different markets, in ways that vary with ob-

servable market characteristics. For instance, if firms in one country meet each other in other

countries (i.e., they have “multimarket contact”) this could make it easier to sustain joint

profit maximization, since deviations from that agreement in one market can be punished in

all other markets, raising the cost of deviation (Bernheim and Whinston, 1990; Evans and

Kessides, 1994; Jans and Rosenbaum, 1996; Ghemawat and Thomas, 2008). For this reason,

we allow λi to vary across markets.

The equilibrium of the game is solved by backward induction. In the second period, firms

choose quantity qij to maximize profits in each market i or

max
qij

Πj =
∑
i

P (Qi,Di)qij − Cj(qij,Ci)− Fj(Fi). (2)

The continuously differentiable inverse demand in each market is given by P (Qi,Di) =

Q−1(Pi,Di) where Qi is total quantity consumed in market i and Di is a vector of (exogenous)

market characteristics that affect demand in that market. Each firm j may have different

costs in each market given by a variable cost function Cj(qij,Ci) and a fixed cost function

Fj(Fi) where Ci and Fi are vectors of (exogenous) variables affecting marginal and fixed costs

in economy i respectively. Fixed costs include both technological features of the industry

(e.g., amortization of capacity installation or acquisition costs), regulatory barriers to entry

(e.g., environmental licenses), and other market institutions that hinder entry (e.g., credit

market imperfections, expropriation risk).

Consistent with our evidence in Column 4 of Table 2 that the income of a neighboring

country does not affect the demand in a country, pricing decisions in each market are taken

to be separable. Profit maximization in Equation (2) and aggregation of the first order

conditions for all firms in each market yields the equilibrium price in the second period

Pi =

(
ηNi

ηNi − λi

)
MC(Ci). (3)

where MC(Ci) ≡ 1
N

∑N
j=1C

′
j(qij,Ci) denotes the average marginal cost in market i (the

steps of this derivation are in Appendix B).

Definition 1 (Market power and the markup). Firms’ market power is summarized by the
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markup of price over average marginal cost

Mi(η,Ni, λi) ≡
Pi

MC(Ci)
=

(
ηNi

ηNi − λi

)
. (4)

When Ni = 1 and λi = 1 = Ni, there is a monopoly that obtains the monopoly markup.

When Ni > 1, there is an oligopoly. If λi = Ni, an oligopoly jointly maximizes profits, which

obtains the monopoly markup, whereas if λi = 1, an oligopoly obtains the Cournot markup,

which is less than the monopoly markup.

To close the model, consider the first period in which a firm decides to enter if it will at

least break even given the second period markup resulting from other firms’ entry decisions.

To select a unique equilibrium, we consider a sequential entry game. In each market, firms

with lower marginal costs move first and decide whether to enter. With this equilibrium

selection, the entry game has a unique cutoff equilibrium with N?
i firms, in which only firms

with marginal costs below some cutoff enter the market. Firms enter until the next firm

would not break even. This equilibrium implies the following condition on firm profits:(
Qi
N?
i

(Mi(Qi, N
?
i )− 1)MC(Ci)

)
−F (Fi) ≥ 0 >

(
Qi

N?
i + 1

(Mi(Qi, N
?
i + 1)− 1)MC(Ci)

)
−F (Fi).

(5)

F (Fi) is average fixed cost in market i. The term
(
Qi

N?
i

(Mi(Qi, N
?
i )− 1)MC(Ci)

)
captures

variable profit with the observed number of firms and
(

Qi

N?
i +1

(Mi(Qi, N
?
i + 1)− 1)MC(Ci)

)
captures variable profit with an additional entrant. Note this equation does not imply that

all profits are used to cover fixed costs. Since the markup is a continuous function of the

number of firms, if the number is discrete firms still make profit after funding fixed costs,

except in the knife-edge case where they break even exactly. Further, the markup falls less

and less with entry as the number of firms increases.

Proposition 1 (Equilibrium existence and uniqueness). Suppose firms j maximize profits

given demand Di, conduct λi, marginal costs C ′j(qij,Ci), and fixed costs Fj(Fi). If firms

enter each market sequentially in ascending order of marginal cost there exists a unique

industry equilibrium 〈Pi, Qi, N
?
i 〉 with market power defined by Equation (4).

Proof. A number of firms equal to N?
i is observed in equilibrium if and only if fixed costs

are such that N?
i firms make a profit but N?

i + 1 firms would not. The number of entrant

firms is thus unique. Since firms enter sequentially, the identity of the entrants is unique as

long as the distribution of marginal and fixed costs is smooth.

In this equilibrium, Definition 1 describes an empirical approach to measuring market

power that we apply in this paper. When conduct λi is specified and data on endogenous
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market characteristics 〈Pi, η,N?
i 〉 are available, markup Mi can be calculated directly and

Equation (3) allows to decompose prices into markups and marginal costs. A standard

approach is to estimate η from an instrumental variables regression of Qi on Pi.
14 In the

absence of direct evidence (e.g., records of communications between firms) of a cartel, it is

also standard to assume λi = 1. Given cartels have been documented in the cement industry

(see, e.g., Röller and Steen (2006) for an analysis of the (legal) cement cartel in Norway) we

will also estimate differences in λi across countries.

Conditional on the number of firms and market size, a greater concentration of demand

in a small number of urban centers will force firms to compete with each other (Syverson,

2004). For a given number of firms, the firms must compete in the same market; whereas if

the population is spread across many cities, it is possible for firms to each focus on a distinct

set of cities, and price as a monopolist in each set. Miller and Osborne (2014) show that

within the United States, spatial differentiation provides cement firms with market power.

Although we don’t explicitly model plant’s location choices in the absence of available data

on location-specific prices or costs, we will use the concentration of population in urban

centers to proxy for how spatially concentrated cement demand in a economy is. A finding

of lower competition in less concentrated economies would hint that firms may serve different

locations to be closer to specific markets and take advantage of internal transport costs to

gain some market power.

Equation (3) makes clear that prices are determined either by marginal cost or markups.

For a policy maker concerned with a price level that is too high, lower marginal cost could

be achieved by reducing input prices or increasing productivity, e.g., through the adoption

of technology with lower marginal cost.15 Yet how to address market power is less straight-

forward. One policy to reduce the price in market i would be to increase the number of firms

in the market. After all, Equation (4) indicates that increasing N?
i should reduce market

power summarized by the markup Mi, and hence prices. However, once accounting for firms’

endogenous decision to enter, a variety of different economic forces could generate a small

number of firms. Comparative statics of the equilibrium established in Proposition 1 high-

light these different scenario and other drivers of market power, each with a different policy

implication. These comparative statics, which motivate our empirical analysis, are stated in

Proposition 2.

14De Loecker and Warzynski (2012) develop an alternative approach that estimates markups from knowl-
edge of the production function and material cost shares without making assumptions on the elasticity of
demand nor market structure. Conditional on data availability, the minimal assumptions required makes it
the approach of choice to estimate markups. Leaving aside data availability, however, the standard demand
approach pursued here remains necessary to explore counterfactual scenarios, as we later do in Section 5.

15In the case of cement, policy makers might also be concerned that the price is too low, given carbon
emissions associated with production (see Fowlie et al., 2016).
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Proposition 2 (Drivers of market power). Given the demand elasticity η, the following

variables can increase market power summarized by the markup:

1. Market characteristics Di (e.g., smaller population, lower income) implying a smaller

market size Qi at any price Pi, reducing the number of firms N?
i that choose to enter.

2. Marginal cost shifters Ci (e.g., transportation costs) leading to higher marginal costs

and therefore higher prices, which reduce demand and therefore reduce the number of

firms N?
i that choose to enter.

3. Higher fixed cost shifters Fi (e.g., regulatory barriers) implying higher fixed costs for

all firms, reduceing the number of firms N?
i that choose to enter.

4. Cartel conduct by firms, summarized by λi = N?
i > 1, rather than λi = 1.

4 An Empirical Model of the Cement Industry

We now take the model to the data using specific estimating equations. We first present the

empirical counterpart to the model’s equations and then discuss identification and estimation.

4.1 Estimating Equations

Demand. We will use the demand curve specified in Equation 1 and estimated in Section

2.3. Recall the demand elasticity η = −α1. For specific conduct λi, Definition 1 yields the

empirical markup

Mit =

(
−α1N

?
it

−α1N?
it − λi

)
(6)

where N?
it is the number of firms observed in economy i at time t.

Marginal Cost. Marginal costs are projected onto covariates Cit in order to control for

and describe the role of observables. We assume average marginal cost takes the log-linear

form:

ln(MCit) =

βK0,t + βK
CCK

it + ωKit if N?
it > 0;

βO0,t + βO
CCO

it + ωOit if N?
it = 0.

(7)

We distinguish two cost functions depending on whether domestic production capacity

exists at all. The superscript K indicates markets with N?
it > 0. In this case, C1

it indicates

that there is some domestic production capacity. The superscript O indicates that N?
it = 0,
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so the market has no domestic production capacity and therefore imports all of its cement.

In this case, CO
it corresponds to an open economy benchmark in which pricing is driven by

the exchange rate.

Conduct. We consider two alternative specifications for conduct. A first version of the

model follows standard practice and assumes a non-cooperative industry equilibrium, namely

λit = λCOURNOTit ≡

{
1 if N?

it > 0;

0 if N?
it = 0,

(8)

We refer to this formulation as the Cournot model. In the small number of economies

with no cement plants and N?
it = 0, we assume perfect competition in the absence of data on

the market concentration of importers (rather than producers). As a result, the estimated

marginal cost parameters βO0,t include any market power importers have when N?
it = 0.

In contrast, domestic producers’ conduct is separately identified from marginal cost when

N?
it > 0.

A second specification of the model projects conduct onto a constant and certain market

attributes,

λit = λCONDUCTit ≡

{
λ0 + λ1Z(URBCONi) + λ2Z(MMCit) if N?

it > 0;

0 if N?
it = 0,

(9)

We refer to this formulation as the Conduct model. URBCONi is the sum of squared

shares of the population in every urban center in national market i (a Herfindahl index),

where urban centers are identified using satellite images of built-up area in 2015 (Florczyk,

Corbane, Schiavina, Pesaresi, Maffenini, Melchiorri, Politis, Sabo, Freire, Ehrlich, Kemper,

Tommasi, Airaghi and Zanchetta, 2019). The term MMCit is the average number of other

markets in which a firm-pair observed in market i meets, a standard measure of multimarket

contact (Jans and Rosenbaum, 1996). If the multimarket contact statistic is 2, for instance,

the average pair of firms in the market meets twice in other markets. The statistic is set

to zero if there is no contact between any pair of firms outside of the market. As stated

previously theoretical and empirical evidence from other settings suggests this could facilitate

collusion. Both URBCONi and MMCit are standardized, so that the estimated value of

the constant λ0 corresponds to the Conduct in a market with the average concentration of

urban centers and average multimarket contact.16

16In principle, we could also include observed cartels in the Conduct λit. Data on observed cartels,
however, are subject to selection as cartels are only observed when investigated. The two variables included
in λCONDUCT

it are not subject to such selection issues. As a sanity check, observed cartels do positively
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Substituting Equations (6) and (7) into the profit-maximization condition in Equation (3)

and taking logs yields the market price as a function of the empirical markup and marginal

cost,

ln(Pit) = ln

(
−α1N

?
it

−α1N?
it − λit

)
+ ln(MCit) + ωit. (10)

When N?
it > 0 we set λit = 1 for the Cournot specification or λit = λ0 + λ1Z(URBCONi) +

λ2Z(MMCit) for the Conduct specification. When N?
it = 0 we set λit = 0.

Distribution of Fixed Costs. Fixed cost covariates Fit enter through the following func-

tion:

ln(Fit) = γ0,t + γFFit + σεit. (11)

where σ is a scale parameter and εit is distributed standard normal, hence fixed costs have a

log-normal distribution. Having specified a distribution for fixed costs, the break-even entry

condition in Equation (5) yields the empirical likelihood of each observation,

L(θ) = Φ

(
1

σ

[
ln

(
QK
it

N?
it

(
−α1N

?
it

−α1N?
it − λit

− 1

)
MCit(β)

)
− Fit(γ)

])
− Φ

(
1

σ

[
ln

(
QK
it

N?
it + 1

(
−α1(N

?
it + 1)

−α1(N?
it + 1)− λit

− 1

)
MCit(β)

)
− Fit(γ)

])
(12)

where Φ is the standard normal cumulative density function, and QK
it is the quantity of

production using domestic capacity (i.e., domestic consumption minus imports).17 QK
it is a

different value than domestic consumption Qit used in demand estimation, because we wish

fixed costs to reflect only those of producers included in N?
it.

4.2 Identification and Joint Estimation

The Cournot and Conduct models are estimated separately in the presence of the three

endogenous variables 〈Pit, Qit, Nit〉 using the generalized method of moments (GMM). Within

each specification there are three estimating equations: (i) the demand curve, Equation

(1); (ii) the profit maximization condition relating prices and marginal costs conditional

correlate with estimated Conducts (p-value < 0.00).
17Since the firm’s decision to enter depends on expectations about demand, greater variance in the unob-

served component of demand could lead to a higher estimated variance in fixed costs in the cross section.
We examine this hypothesis in Section 5.
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on conduct, Equation (10); and (iii) the likelihood of the observed number of firms given

fixed costs, Equation (12). All parameters are jointly estimated to ensure the asymptotic

standard error of each parameter accounts for estimation error in all three equations (see

Appendix C for the moment conditions). The model is estimated without restricting the

covariance between endogenous variables and unobserved demand or costs. We discuss these

assumptions here and postpone to Section 5 an analysis of the results’ sensitivity to potential

violations.

In both models, we allow for the possibility that the price is correlated with unobserved

demand, i.e., E[ln(Pit)ξit] 6= 0. Without restrictions on this term, the price elasticity of

demand is identified by the assumption that a cost instrument is excluded from the demand

shifters Dit. As described in Section 2.3, we use the cement exports to the world of a country’s

nearest neighbor as this cost instrument. The functional form assumes E[ln(Qit)ωit] = 0 so

increasing returns are measured by fixed costs rather than a variable marginal cost function,

but this condition is not used as a moment in estimation.

The model allows for endogenous entry, i.e., for the possibility that E[Nitωit] 6= 0 or

E[Nitξit] 6= 0. Fixed costs are identified without restrictions on these terms using a revealed

profitability argument for the number of symmetric firms in a market. By Proposition 1, the

number of firms in the market is unique, leading to an ordered probit estimator for fixed cost.

In the GMM framework, this result implies the moment conditions E
[
∂ ln(Lit(α,β,λ,γ,σ))

∂γ

]
= 0

and E
[
∂ ln(Lit(α,β,λ,γ,σ))

∂σ

]
= 0. With these assumptions, the Cournot model is just identified.

The Conduct model is identified by the exclusion of certain instruments from the marginal

cost function defined by cost shifters Cit, following the argument of Bresnahan (1982) gen-

eralized by Berry and Haile (2014).18 An advantage of this instrumental variable approach

is that the model can be overidentified, which allows to test the joint validity of the over-

identifying restrictions. One example of such instruments are demand instruments, which

change the marginal revenue function, conditional on marginal costs. The resulting varia-

tion identifies conduct, for given prices and entry. Berry and Waldfogel (1999) for instance

use population as a demand-side instrument excluded from the cost function, which in our

model shifts demand conditional on the construction share of GDP. Formally, we incorpo-

rate this idea with additional moment conditions E[ln(POPit)
nωit] = 0 where n ∈ {1, 2}.

To achieve parsimonious over-identification we also exclude the variables in the conduct

function itself from the marginal cost function, by assuming E[Z(URBCONit)ωit] = 0 and

E[Z(MMCit)ωit] = 0. The concentration of urban centers is plausibly exogenous to present

18An alternative approach to identifying conduct would be to assume that the number of firms in the
market, which also shifts markups, is uncorrelated with unobserved marginal cost, i.e., E[Nitωit] = 0.
However, given that marginal cost could still enter into a firm’s entry decision, such an assumption is not
attractive.
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unobserved costs because it is determined over the long run. Multimarket contact is a strate-

gic choice determined by decisions to enter markets other than market i, and so is plausibly

exogenous to costs in market i. In Section 5, we evaluate the sensitivity of markup estimates

to potential violations of these exclusion restrictions. Further, since the exclusion restric-

tions including ωit depend on the set of variables included in Cit, to assess robustness we

estimate conduct using the same identifying assumptions but alternative specifications of

the marginal cost function.

5 Results

5.1 Estimated Empirical Equilibrium Model

Table 3 reports estimated coefficients of the two model specifications, Cournot and Conduct.

The far right column of Table 3 reports the p-value from Welch’s test of the null hypothesis

of equality of the demand and cost coefficients across the two models. This hypothesis is not

rejected for any coefficient, providing initial evidence that conduct approximates Cournot in

the average market.

Demand. For the demand curve, we use the specification in Column 2 of Table 2, including

(the log of) population, (the log of) GDP per capita, and (the log of) the construction share

of GDP, and also included the exchange rate as a control because prices Pit are measured in

US dollars for comparability across countries. Considering price sensitivity in the Cournot

model, it is statistically significant with the price elasticity of demand ηit = 1.268 (s.e. =

0.329), and in the Conduct model it is ηit = 1.272 (s.e. = 0.327), within the range of

estimates considered in Table 2. Turning to shifters of the level of demand, population,

GDP per capita, and the construction share of GDP all have a statistically significant and

positive effect on demand. The effect of the exchange rate is quantitatively and statistically

insignificant.

Marginal Costs. Estimates of the equilibrium pricing condition (Equation (10)) reveal

drivers of marginal costs in the industry. In this baseline specification, we include many

potential drivers of costs in Cit to illustrate the role of each. All are measured in natural logs

unless otherwise specified. Consider first economies with domestic production capacity (i.e.,

Nit > 0). Consistent with limited technological progress in the six-year time period studied,

we find no significant trend in costs over time, with an economically small and statistically

insignificant change in costs in 2017 relative to 2011 in the Cournot and Conduct models.
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The cement exports of the nearest neighbor are negatively related to costs in both models,

as already explained in Section 2.3 and demonstrated indirectly in Figure 5.

In both models, the exchange rate, which may affect the price of imported inputs, does

not appear to relate to the price, though the diesel price is a significant contributor to costs,

pointing to an important role of transportation costs for cement, which is heavy and also

has a low value per unit of weight compared to many other goods.19 The model includes

kilometers of road per square kilometer of land, which summarizes the quality of national

road infrastructure (Meijer, Huijbregts, Schotten and Schipper, 2018). This variable has the

negative coefficient that is statistically significant in the Conduct model, suggesting that in

addition to the price of diesel, the quality of domestic infrastructure is associated with lower

end-consumer prices. A dummy for the presence of gypsum deposits in the country (US

Geological Survey, 2020) is not significant, suggesting that local supplies of this cement are

not a major determinant of prices. The model also includes the Z-score of the rule of law

a generic control for the quality of national institutions (Kraay, Kaufmann and Mastruzzi,

2010). This variable has an a priori ambiguous influence on marginal cost. On the one hand,

greater rule of law could lower cost, for instance by facilitating contracting with suppliers or

reducing expropriation risk. On the other hand, it could be associated with higher income

per capita and wages (Acemoglu, Johnson and Robinson, 2005) and thus higher cost. Either

way, this variable has a negative coefficient, though it is not statistically significant. In

the Conduct model, where overidentifying restrictions yields more precise estimates, the

coefficients on the cement exports of the nearest neighbor, the price of diesel, and road

density are statistically significant at 1 percent, whereas the coefficient on the exchange

rate, gypsum deposits, and rule of law remains statistically insignificant and falls closer to

zero.

Turning to economies without domestic production capacity, we find that they are, as

expected, qualitatively different from economies with domestic production capacity.20 When

calculated at average values of the covariates in both samples, marginal costs are 8.9 percent

higher on average in countries with no domestic production capacity. Excluding the exchange

rate, costs in these markets have also fallen over time.

Fixed Costs. Estimates of the entry condition (Equation (12)), indicate that (the log of)

fixed entry costs in the average market are positive and precisely estimated, with a constant

19When including price of electricity in addition to the price of diesel in the marginal cost function and
estimating on the smaller sample of economies where both variables are available, the coefficient on the price
of electricity is not statistically significant, though the coefficient on the price of diesel remains so.

20The precision of the marginal cost coefficient estimates in these economies is lower as expected given
that there are only 13 such economies in our sample.
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in the Cournot model equal to 17.556 (s.e. = 0.14) and standard deviation term σ = 1.394

(s.e. = 0.119). These numbers imply a distribution of annualized entry costs with mean of

approximately US$42 million, and US$2.7 million at the 5th percentile and $647 million at

the 95th percentile. These values appear consistent with capacity installation costs reported

by industry sources. In 2011, installation costs were approximately US$150 million per

megaton (million tons) of annual capacity (Cembureau, 2021).21 The average market in our

sample has 14.5 megatons of annual capacity per firm (measuring the number of firms, as

in estimation, as the inverse of the Herfindahl index), which at this price will cost US$2,175

million to install. This implies that for a discount rate of $42/$2, 175 = 0.02 the annuity

value of fixed costs equals the expected total cost of installing capacity in the average market.

Given the substantial variation in fixed costs observed, an important question is whether

average fixed costs vary systematically across economies, for instance those with different

institutions. Rule of law does not have statistically significant effects on fixed costs. Perhaps

surprisingly, the coefficient on rule of law is positive. One might have expected that better

legal institutions would lower fixed costs, for instance through less expropriation risk. The

positive coefficient suggests legal institutions may have other countervailing effects that also

raise entry costs, for instance higher costs of environmental compliance (see Ryan, 2012).

An alternative measure of institutions, the (Z-score of) the procedures required to start a

business as reported by the Doing Business indicators (World Bank, 2020a), has a positive

and statistically significant effect on fixed costs. This result validates this de-jure measure

of entry costs by showing it is related to observed fixed costs in the cement industry. The

exchange rate, which may affect fixed costs to the extent that capital is imported, does not

have an economically or statistically significant effect on fixed costs.

Conduct. The Cournot equilibrium concept appears to accurately characterize competi-

tion in the average market in the industry.

The Conduct model also reports estimates for Equation (9). The estimated value of the

Conduct model constant, which corresponds to the Conduct in a market with the average

concentration of urban centers and average multimarket contact, is λ0 = 0.688 (s.e. = 0.257).

The hypothesis that this coefficient is equal to one cannot be rejected. Moreover, this value

is one-fifth of the (concentration-adjusted) number of firms in the average market, 3.362,

as reported in Table A1. Recall that for a cartel, all firms behave jointly as a monopolist

and λ = Nit. The average market looks most like the Nash equilibrium of the Cournot

model. Though firms have market power, and affect prices through their choices of quantities,

21Cembureau reports a euro value for 2021, which we convert to dollars in 2011 using the current exchange
rate and the US GDP deflator.
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they appear to behave non-cooperatively. The average market thus doesn’t appear to be

characterized by a cartel in which firms collude to jointly maximize profits.

Nonetheless, market attributes appear to shape the extent of market power, conditional

on the number of firms. The first is the concentration of urban centers. The coefficient

λ1 = −0.165 (s.e. = 0.061) is statistically significant and negative, suggesting that the market

becomes more competitive when the concentration of urban centers increases. Second, the

parameter value λ2 = 0.166 (s.e. = 0.098) indicates that more multimarket contact between

firms is also associated with larger markups.

Threats and Sensitivity to Identification Assumptions. We now consider whether

and how potential violations of the exclusion restrictions could affect our results. As a

preliminary test, in the over-identified Conduct model, a Sargan-Hansen test cannot reject

the hypothesis that the instruments are uncorrelated with the observed errors in this model

(J-statistic is 2.032, p-value 0.362). For transparency, as suggested by Andrews et al. (2017),

in Table 4 we also investigate the estimated markups’ sensitivity to beliefs about the effect of

a one-standard-deviation increase in each instrument on either unobserved demand or costs.

We consider separately each excluded instrument, that is, each instrument that does

not enter the demand or marginal cost equations directly. One instrument, the cement ex-

ports to the world of the nearest neighbor, was excluded from the demand. The sensitivity

reported in Table 4 indicates that if there is a one-standard-deviation change in the mo-

ment restricting the covariance of this variable with ξit, the markup would stay virtually

unchanged. Therefore, even if the exclusion restriction summarized by this moment were

violated, it would have little effect on our quantitative results. Four instruments were ex-

cluded from the marginal cost curve. Of these, the markup is most sensitive to changes in

the moments associated with (the log of) population, its square, and the unobserved cost

error. The markup is much less sensitive to changes in the moment associated with the

concentration of urban centers, and even less sensitive to changes in the moment associated

with multimarket contact. A one-standard-deviation change in the moment restricting the

covariance of multimarket contact with ωit would increase the markup by only 0.02.

There are two inferences from this sensitivity analysis. First, the identifying variation

in the model comes primarily from the the exclusion of population and its square, and

to a lesser extent the concentration of urban centers, from the cost function. As stated

previously, the relative values of these variables between countries are determined by history,

and so are plausibly exogenous to unobserved costs in the industry in 2011 and 2017. Other

authors have also made this assumption about population. Second, if one is concerned about

potential violations of the other exclusion restrictions (i.e., that cement exports of the nearest
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neighbor are correlated with unobserved local demand, or that multimarket contact is chosen

endogenously given unobserved local costs), even if such violations were present, it would

matter little for our quantitative results.

Another potential threat to identification relates to the fact that, through the moment

conditions involving ωit, estimates of the conduct parameter also depend on the variables

Cit included in the marginal cost function (see, e.g., Backus, Conlon and Sinkinson, 2021).

To assess this threat, Appendix Table D1 reports estimates of the conduct parameter for

the same model as in Table 3, but with three alternative specifications of marginal cost

for countries with production capacity. Alternative 1 is more parsimonious including only

the exchange rate, cement exports of the neighbor, the price of diesel, and a constant. In

this specification we again cannot reject a Cournot equilibrium in the average market, and

the effects of concentration of urban centers and multimarket contact remain the same sign

and statistically significant. Alternative 2 includes all variables in the specification in Table

3, and their squares, and Alternative 3 is the same as Alternative 2, but with all possible

interactions. In these alternatives, the sign and magnitude of coefficients and failure to

reject Cournot in the average market remains, though statistical significance is reduced, as

expected in a model with fewer degrees of freedom.

Taken together, these sensitivity analyses give us confidence in the robustness of our

results to potential violations of our identification assumptions and thus in our interpretation

of the resulting estimates.

5.2 Drivers of International Price Dispersion and Changes.

With an estimate of the empirical model in hand, we can now describe the roles of marginal

cost and markups in determining the price of cement in Africa and other continents, and

distinguish between the drivers of market power described in Proposition 2.

Average Prices, Markups, and Marginal Costs by Continent. Table 5 reports

a variance decomposition of prices, splitting the variation into the markup and marginal

cost. Markups are calculated using coefficients from the Conduct model, in order to capture

variation in conduct across economies. Prices are divided by these markups to yield marginal

cost. Overall, the majority of the variance appears to come from marginal cost rather than

the markup. Markups and marginal costs co-vary negatively, but only slightly.

Even though the markup explains a minority of the variation in prices, it could explain

a disproportionate amount of the price in certain regions, such as Africa. As a preliminary

investigation of this idea, Table 6 reports average prices, decomposed into marginal costs and

markups, by continent and year. The sample is restricted relative to the estimation sample
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to include only the balanced panel of economies with capacity in both years, ensuring we

compare like with like between years. In this restricted sample, the price of cement has fallen

on average by 19.5 percent between 2011 and 2017 overall. This decline is smaller than in

Table 1, indicating the overall average price decline was to a significant extent driven by

countries moving from being importers to having at least one domestic producer.

First, consider markups. Globally, the average markup in the cement industry in 2011

is a 36.1 percent premium over marginal cost, while the average markup in 2017 has fallen

to 26.0 percent. Non-zero markups are in line with expectations, given increasing returns to

scale. Comparing markups across continents, we see that in 2011, markups in Africa were

the highest of any continent, equal to 49.6 percent on average. The next highest markups

were in Europe, at 41.2 percent on average, and the lowest were in Asia, at 22.1 percent on

average. All continents experienced a decline in markups between 2011 and 2017, except for

North America, which experienced a slight increase.

Second, consider marginal costs. In 2011, the average marginal cost in Africa was the

highest of any continent, though it was similar to average cost in South America. Africa

stands out as experiencing the largest decline in marginal cost between 2011 and 2017. Asia,

North America, and South America experienced increasing marginal costs.

Together, these results suggest that both greater than average market power and higher

operating costs played a role in determining the high average price of cement in Africa in

2011. However, the continent is no longer a clear outlier in 2017.

Is Africa Different? Regressions can shed further light on the differences between Africa

and other continents, and the extent to which differences in demand, marginal costs, entry

costs, or conduct explain the motivating facts in Section 2. Table 7 reports regressions of

(the log of) the US dollar cement price on a fixed effect for the African continent.22

In Column 1, the estimated Africa coefficient is statistically significant, equal to 0.373

(s.e. = 0.065). Column 2 includes cement exports to the world of the nearest neighbor, the

price of diesel, and road density, leading the Africa coefficient to fall to 0.160 (s.e. = 0.066),

indicating that about three fifths of the difference in the cement price is explained by higher

transportation costs and the absence of large cement exporters in Africa. Column 3 includes

the import tariff on cement (which is only available for a subset of economies). Including this

variable changes the Africa coefficient only slightly relative to Column 1, and the positive

effect of tariffs on prices is not statistically significant, indicating tariffs cannot explain the

22Table D2 shows a similar analysis for the variable log PPP GDP per capita, in place of the Africa
fixed effect. As shown in Figure 1, the two are highly correlated when measured at the country level.
This specification provides a direct test of the Balassa-Samuelson-Bhagwati hypothesis that price levels and
national income should be positively correlated.
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higher price in Africa. Column 4 includes the same variables as in Column 2 and population

and GDP per capita, two determinants of demand, which lead the Africa coefficient to fall

to 0.0529 (s.e. = 0.072) and be no longer statistically significant. This result implies that,

after marginal costs, differences in exogenous demand shifters can account for the rest of

the high price of cement in Africa. Subsequent columns test and reject other hypotheses

for the high price of cement in Africa. Interestingly though both population and GDP per

capita have negative effects on the price in this regression, only the effect of population is

statistically significant. Column 5 includes the construction share of GDP, in addition to

the other demand shifters. The coefficient on this variable is not significant and the Africa

coefficient does not change at all, indicating that there is no clear relationship between the

size of the construction sector and cement prices, conditional on GDP, even though the size

of the construction sector was a significant determinant of demand in Table 2. Column

6 includes procedures to start a business, which we have shown these significantly affect

fixed costs. The effect of procedures on prices is positive but statistically and economically

insignificant, and the Africa coefficient changes little when including this variable, suggesting

that procedural barriers to entry cannot account for the cement price in Africa. Column 7

includes the two conduct variables and these lower the Africa coefficient slightly, suggesting

that they can account for some of the higher price in Africa, but overall this is not meaningful

relative to the marginal cost and demand shifters.

An alternative way to test whether the African cement industry is different is to estimate

a more flexible version of the empirical model that includes an Africa fixed effect in demand,

the demand elasticity, and costs, rather than the continuous variables in Table 3. The results

of this estimation are reported in Table D3. Overall, the Africa fixed effect coefficients are not

statistically significant, indicating that the model with continuous covariates provides more

insight in this setting. The point estimates however support our conclusion that demand

and marginal costs, rather than collusive conduct or entry barriers, explain the high price

of cement in Africa. In this alternative model, the conduct parameter for Africa though

insignificant is also negative, implying, if anything, more competitive conduct. Africa fixed

effects in the mean and standard deviation terms for the distribution of fixed costs are

estimated to be negative, though statistically insignificant. One hypothesis to explain limited

entry in Africa is that demand there is more volatile, in which case a greater dispersion in

fixed costs could be estimated in the cross section. The lower estimated variance however

implies, if anything, less volatility of demand.

As a final robustness check, Table D4 reports the mean and standard deviation of the

demand and supply errors in the Conduct model reported in Table 3. We cannot reject the

null hypothesis that the two groups have the same demand and supply errors, indicating
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that this model is not mis-specified differently in Africa.

Together, these results suggest that the puzzling fact that cement has been more expen-

sive in Africa (Table 1; Figure A1) is explained primarily by higher marginal costs, though

higher markups play some role. With respect to markups, one hypothesis, advanced for

instance by the World Bank (2016), is that stricter regulation of entry and/or cartel con-

duct could be playing an important role.23 If this hypothesis is correct, the regulation of

entry and under-resourced competition authorities are a binding constraint on the African

construction sector.

Our results cast some doubts on this view. First, to a great extent, elevated marginal

costs and markups appear to have been temporary. This fact alone is inconsistent with

the hypothesis that high cement prices reflect barriers to entry and expansion. A plausible

explanation for the decline of the price of cement in Africa is the adjustment to accelerating

growth in the context of free entry. After years of slow growth in the 1970s, 1980s, and 1990s,

African economies were still small markets that could sustain only a few firms, leading to

high markups over high marginal costs. As growth accelerated in the 2000s, cement demand

increased. After 2011, the year of the Economist ‘Africa rising’ cover, local and multinational

firms installed new capacity. To the extent that some African economies still have a small

number of firms leading to higher markups, the cause is likely that these markets remain

small in terms of population and GDP per capita (col 4 of Table 7). In this story, markups

are endogenous to growth, rather than a fixed characteristic of an economy.

5.3 Counterfactual

The empirical model allows us to quantify the potential effects of supply and demand side

changes on prices, costs and markups, and compare their magnitude. Specifically, we sim-

ulate two counterfactual scenarios that shift components of either cost or demand, and one

counterfactual that shifts both at the same time. A cost scenario only changes marginal costs,

through changes in road density, holding constant demand. A demand scenario changes in-

come per capita, holding costs constant. The scenario that changes both allows us to explore

whether changes in costs and demand are substitutes or complements. Given that the model

estimates do not point to higher average fixed costs in Africa, these are held fixed in all

scenarios.

In each economy we set either of the cost variable (road density) or the demand variable

(income per capita) to the corresponding levels observed for Republic of South Africa. We

choose the Republic of South Africa, an upper-middle income African economy, since we

23Barriers to entry and anti-competitive conduct could also lead to higher costs, e.g., by attenuating
selection forces in the market.
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are particularly interested in understanding the relative importance of costs and demand

in driving prices and mark-ups in Africa.24 This counterfactual allows us to observe how

the market would change if low- and middle-income economies in Africa adopted the costs

and demand of their regional peer, both in absolute terms as well as in comparison to the

resulting changes in other (higher-income) economies.

The counterfactual cost scenario is calculated as follows. In each economy road density

is changed to the value of South Africa holding all other variables fixed, implying through

Equation (7) a new marginal cost. Next, the new marginal cost is multiplied by the observed

markup to yield the new equilibrium price. At this price, a new equilibrium domestic con-

sumption is calculated through Equation (1), the demand curve. New domestic production

is taken to be a share of this new consumption, assuming imports remain a constant share

of consumption. With these new counterfactual domestic production quantities, prices, and

marginal costs, a new expected variable profit is calculated in each economy, as in Equation

(12). This exercise is repeated using a counterfactual markup with Nit+1 firms, holding the

demand elasticity and conduct fixed. If profits are positive for the equilibrium with Nit + 1

firms, we record that 1 firm has entered. We then continue with Nit + 2 and so forth until

the break even condition no longer holds. The counterfactual price is the price that holds

when the next firm cannot break even.

The counterfactual demand scenario is calculated similarly. Per capita income is changed

to the value of South Africa, holding all other variables fixed, including population, the

construction share of GDP, implying a new quantity demanded in Equation (1). Expected

profit is calculated at this new demand and current costs, and firms are allowed to enter

until they no longer break even.

Table 8 reports the results, showing the distribution across countries of changes in price,

markup, marginal cost, and quantities for Africa and the rest of the world. There are three

main conclusions from this. First, price changes in Africa are on average larger than in

the rest of the world when changing either costs or demand. Changing the road density

to the level of South Africa reduces prices in Africa by 17.3 percent on average, and a

similar change in the rest of the world reduces costs by 9.8 percent. While some countries

do see increases in price under this counterfactual, these are smaller in magnitude than

the price reductions in Africa. This result suggests higher returns in Africa to investments

that increase demand or reduce costs, with the mechanism being that these investments can

induce entry, and relatively larger decreases in markups, since African markets start from a

base with a smaller number of firms.

24South Africa has a highly rated competition commission that in 2008 broke up a cement run by local
groups that covered the Southern African Development Community (Lewis, 2015).
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Second, changing demand produces similar effects as the changes in costs. Changing

GDP per capita to the level of South Africa, holding costs constant, reduces prices in Africa

by 15.2 percent, and in the rest of the world by 9.5 percent. Further, changes in demand

and costs appear to be substitutes rather than complements, with the changes in outcomes

in the third scenario being very similar to the changes in the scenarios that vary demand

or cost alone. This highlights the potential for both demand and supply side policies to

achieve significant price reductions by increasing market access, while casting doubt on the

proposition that they are highly complementary, and so need to be executed in concert.25

Through its effect on entry, market access plays a quantitatively important role in driving

cross-country cement price differences.

Third, the vast majority of the price reduction in Africa is driven by changes in markup.

In many markets in Africa, the counterfactual reduction in costs triggers entry that would

qualitatively change the competitive landscape. In 7 countries, the reduction in costs changes

the number of firms from 0 to 1. There are also 3 African countries in which the reduction

in costs would lead to the establishment of domestic capacity, passing from 0 to either 1

or 2 firms. This further highlights the role of endogenous entry, and thus market access, in

determining prices and markups in the presence of increasing returns to scale.

6 Conclusions

Substantial attention has been paid to high price levels in Africa, in the cement as well as

other industries. While these high price levels are unexpected under the Balassa-Samuelson-

Bhagwati hypothesis that the continent’s lower average income should lead to lower prices,

they are expected in the presence of increasing returns to scale, which implies that lower

income economies with smaller markets will have fewer firms and higher markups. An

empirical industry equilibrium model is estimated to test whether factors other than market

size (e.g., cartel conduct, excessive fixed costs) could explain high markups in the African

cement industry. The data do not support these alternative hypotheses.

The (in)famous case of Nigeria, where the domestic producer Dangote Cement has

amassed fortunes from the market power gained from controlling 60 percent of domestic

production capacity, is thus not representative of the experience of developing economies in

general, nor of their differences with high-income economies: cartels and anti-competitive

conduct exist there as well, as illustrated by the role of HeidelbergCement’s monopoly in

Norway (see Röller and Steen (2006)), and emerging markets can have competitive cement

25In the trade literature, ”market access” is a summary statistic that summarizes market size by dividing
demand in each market by the cost of reaching that market (see, e.g., Reed and Trubetskoy, 2019).
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industries when market size and conditions allow (see Salvo (2010) for the case of Brazil).26

These findings and considerations have important implications for public policy, specifi-

cally the long-standing program to reduce entry barriers and increase competition in low- and

middle-income economies. Measured entry barriers are subject to selection issues. Hallward-

Driemeier and Pritchett (2015) criticize the focus on reforming de jure entry barriers mea-

sured by the Doing Business indicators (Djankov et al., 2002; World Bank, 2020a) on the

basis that such barriers need not bind when firms have the ability to side-step official pro-

cedures, i.e., by operating through “deals versus rules.” Similarly, ineffective anti-monopoly

policy in an economy need not imply that cartels are widespread. This paper demonstrates

how a transparent industry equilibrium model and data on market prices, quantities, and

market structure can be used to move beyond de jure indicators to measure de facto entry

and operating costs and firm conduct.

While we would not necessarily advocate against further deregulation of entry or more

resources for antitrust investigations, these results do challenge the hypothesis that such

policies could have an impact on markups and prices in industries like cement that feature

increasing returns to scale. To the extent that there are also increasing returns in other

industries, this observation is consistent with decelerating progress against extreme poverty

in economies such as Rwanda and Senegal that have deregulated entry (World Bank, 2020a)

but nonetheless remain small markets by international standards (see Goldberg and Reed

(2021)). Atkin and Donaldson (forthcoming) survey research showing how trade (i.e., market

size) can increase competition in developing economies. In such contexts, policy makers

may find that prices and markups are more responsive to policies that enlarge the national

market, for instance regional integration or the reduction of trade costs through increasing

road density.

26Even for Dangote, abnormal profits are likely not due only to the direct exercise of market power in
cement but rather stem from the firm’s exclusive long-term right to exploit several vast reserves of limestone
(a key input into cement production) and the ability to foreclose potential rivals in vertically related markets
(World Bank, 2016). Supported by this advantage at home, the firm established new production and import
facilities across Africa, possibly contributing to price reductions on the continent.
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Figure 1: Intermediate Goods Prices and National Income. Green markers indicate economies in continental Africa.
Prices are measured in US dollars at market exchange rates. The dashed line shows the fit of a local linear regression of each price
on national income. The units at which prices are measured and sources are, for cement, one metric ton of ordinary Portland
cement (World Bank, 2020b); for steel reinforcement bar, one metric ton of high-yield steel 16mm diameter reinforcement bars
(World Bank, 2020b); for urea fertilizer, one metric ton in the month of March AfricaFertilizer.org (2019), and for internet,
a month’s subscription to wired broadband service International Telecommunications Union (2019). Plots show data from
2017, except for the urea fertilizer plot, which shows data from 2014 and 2013, the last years the United States Department of
Agriculture (2019) reports the farm price of urea in the United States for comparison.
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Figure 2: Prices and Entry in the Cement Industry. Green markers indicate economies in continental Africa. Changes
are between 2011 and 2017. The change in real cement price is the difference in (the log of) the nominal price per ton in 2017
and 2011 minus the difference in (the log of) the PPP index between the two years. The change in the concentration-adjusted
number of firms is the change in the inverse of the Herfindahl index of cement production capacity. All subsidiaries with common
group ownership are counted as a single firm. The sample is the balanced panel of economies with price data in both years.

ARE

BGD

BHR BOL

BRA
CHN

ECUFIN FJI

GBR
HND

IDN IND

IRQ

JOR

KHM

KWTLKA

MMR
MNG

MYS NLD NPL

OMNPAK

PAN

PHL

PRT

RUS

SAUSGP

SUR

THA

TWN

URY
USA

VNM

BDI

BEN

BFA

BWA

CIV
CMR

COGCOM

CPV

DJI

GIN

GMB

GNQ

LBR

LSO

MAR

MDG MLI

MUSMWI

NAM

NERNGA

RWA
SEN

SLE

SWZ

TCD

TGO

TZA

ZAF

ZMB

ZWE

-100

-50

0

50

100

C
ha

ng
e 

in
 R

ea
l C

em
en

t P
ric

e 
(%

)

-2 0 2 4 6 8
Change in Concentration-Adjusted Number of Firms

32



Figure 3: Potential Explanations for Market Power by Continent. Green bars highlight continental Africa. Effective-
ness of anti-monopoly policy is measured in a survey of discipline experts by the World Economic Forum (Schwab, 2019). Known
cement cartels are those reported in the Private International Cartel database (Connor, 2020). The number of procedures to
start a business are from the Doing Business Indicators (World Bank, 2020a). Cement consumption is from the Global Cement
Report (Armstrong et al., 2013, 2019). Data are the full analysis sample, pooling 2011 and 2017. Averages are unweighted by
consumption.
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Figure 4: Cement Production Capacity and Consumption. Green markers indicate economies in continental Africa.
Consumption is total consumption including imports and local production. Observations with zero installed production capacity
and non-zero consumption are reported on the bottom line of the plot. Data from 2017 are shown.
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Figure 5: Prices and Exports of the Nearest Neighbor. Green markers indicate economies in continental Africa. The
neighboring country is identified using the minimum of the bilateral distances between country centroids reported by Head and
Mayer (2014). Data from 2011 and 2017 are shown.
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Table 1: Trends in the global cement industry by continent.The concentration-
adjusted number of firms is N?

it ≡ 1/Hit, where Hit is the Herfindahl index of capacity con-
centration. The sample is the balanced panel of all economies in which prices and quantities
are observed in 2011 and 2017, including economies without domestic production capacity.
Continent groupings follow Nunn and Puga (2012), with Fiji, the only economy in our data
set in Oceania, grouped with economies in Asia.

Panel A: Prices and Quantities

Average price Total consumption

USD/t Mt

2011 2017 ∆ 2011 2017 ∆

Africa 252.26 167.09 –33.8% 67.1 81.7 21.7%

South America 197.45 175.60 –11.1% 74.5 64.4 –13.5%

Europe 163.67 145.69 –11.0% 80.6 76.5 –5.0%

North America 151.83 176.03 15.9% 75.6 100.8 33.3%

Asia 107.78 95.54 –11.4% 2605.2 3001.8 15.2%

Total 188.18 142.02 –24.5% 2902.9 3325.2 14.6%

Panel B: Entry and Capacity Expansion

Average number of firms Average capacity

(concentration-adjusted) Mt

2011 2017 ∆ 2011 2017 ∆

Africa 1.2 1.9 58.5% 3.0 5.1 70.3%

South America 2.1 3.6 67.6% 18.8 25.8 37.6%

Europe 2.5 2.6 4.5% 21.6 27.4 26.8%

North America 5.5 4.8 –12.4% 35.3 42.7 21.0%

Asia 4.2 5.4 28.9% 168.0 210.2 25.1%

Total 2.6 3.4 32.4% 63.4 80.1 26.3%
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Table 2: Demand for cement. The instrument for price is the cement exports of the
neighboring country in columns 1-4, and is the cement exports of all countries weighted by
their inverse distance in column 5. The neighboring country is the one with the nearest
geographic distance. All variables are in natural logs except for the indicator for whether
the neighboring country is an importer, the indicator for whether the year is 2017, and the
constant. Robust standard errors in parenthesis. * for p < .05, ** for p < .01, and *** for
p < .001

(1) (2) (3) (4) (5)

VARIABLES Quantity Quantity Quantity Quantity Quantity

Price of cement (USD) -1.96** -1.38*** -1.41*** -1.40*** -1.22***

(0.80) (0.26) (0.36) (0.27) (0.31)

Population 0.87*** 0.88*** 0.84*** 0.88***

(0.04) (0.04) (0.03) (0.04)

GDP per capita 0.37*** 0.33*** 0.32*** 0.38***

(0.03) (0.05) (0.04) (0.04)

Construction share of GDP 0.38*** 0.45*** 0.30*** 0.39***

(0.10) (0.11) (0.09) (0.09)

Exchange rate (USD/LCU) 0.02

(0.02)

Price of diesel -0.10

(0.11)

Price of aggregate -0.03

(0.12)

GDP per capita of neighbor 0.04

(0.04)

Year (=2017) -0.34 -0.15 -0.17* -0.15 -0.11

(0.31) (0.09) (0.10) (0.09) (0.10)

Constant 24.86*** 5.44*** 6.05** 5.85*** 4.27*

(4.10) (1.98) (2.37) (1.99) (2.27)

Observations 166 166 158 155 166

R-squared 0.30 0.93 0.93 0.92 0.93

First Stage F-stat 29.23 30.65 21.10 30.24 11.63

Elasticity 1.957 1.384 1.415 1.395 1.219
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Table 3: An Empirical Equilibrium Model of the Global Cement Industry. Con-
tinuous market characteristics are in natural logs unless otherwise specified.

Cournot Conduct Parameter P-value

Variable Coefficient S.e. Coefficient S.e. H0: Equality

Demand:

Constant 4.919 2.552 4.919 2.538 1

Year (=2017) -0.117 0.099 -0.117 0.099 1

Price of cement USD -1.268 0.329 -1.272 0.327 0.99

Exchange rate USD/LCU 0.016 0.017 0.015 0.017 0.97

Construction share of GDP 0.398 0.095 0.397 0.095 0.99

GDP per capita 0.35 0.047 0.353 0.047 0.96

Population 0.88 0.044 0.879 0.044 0.98

Supply with domestic production capacity:

Constant 4.208 0.484 4.698 0.158 0.34

Year (=2017) 0.211 0.283 -0.053 0.09 0.37

Cement exports of neighbor -0.007 0.027 -0.031 0.011 0.41

Exchange rate USD/LCU 0.009 0.02 0.007 0.013 0.94

Gypsum deposits (=1) 0.43 0.376 -0.009 0.094 0.26

Price of diesel 0.318 0.092 0.303 0.055 0.89

Road density -0.016 0.051 -0.049 0.024 0.56

Rule of law (Z-score) -0.097 0.091 -0.015 0.042 0.41

Supply without domestic production capacity:

Constant 5.46 0.379 5.464 0.378 0.99

Year (=2017) -0.364 0.166 -0.351 0.166 0.95

Exchange rate USD/LCU -0.013 0.066 -0.007 0.066 0.95

Fixed cost:

Constant 17.556 0.14 17.268 0.18 0.21

Year (=2017) -0.287 0.264 -0.402 0.288 0.77

Exchange rate USD/LCU 0.059 0.061 0.046 0.089 0.9

Procedures to start business (Z-score) 0.309 0.151 0.338 0.168 0.9

Rule of law 0.221 0.163 0.249 0.233 0.92

Standard deviation term 1.394 0.119 1.608 0.141 0.25

Conduct:

Constant 0.688 0.257

Concentration of urban centers (Z-score) -0.165 0.061

Multimarket contact (Z-score) 0.166 0.098

Sargan-Hansen J-Statistic 2.032

Sargan-Hansen test p-value 0.362
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Table 4: Sensitivity of markup following Andrews, Gentzkow and Shapiro (2017).
All excluded instruments are listed, i.e., those that do not enter the demand or marginal
cost equations directly. For the instrument excluded from the demand, sensitivity can be
interpreted as the sensitivity of the markup to beliefs about the effect of a one-standard-
deviation increase in each instrument on unobserved demand in the average market. For
the instruments excluded from supply, sensitivity be interpreted as the sensitivity of the
markup to beliefs about the effect of a one-standard-deviation increase in each instrument
on unobserved marginal cost in the average market.

Sensitivity

Instrument excluded from demand

Cement exports of neighbor 0.00000000002

Instruments excluded from supply

Log of population -10.52530405673

Log of population squared -12149.24293074500

Concentration of urban centers 0.80201349306

Multimarket contact 0.02370531510
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Table 5: Price Variance Decomposition. Using the full sample, we decompose
V ar(P ) = V ar(M) + V ar(MC) + 2Cov(M,MC) and report the single elements.

V ar(P ) V ar(M) V ar(MC) Cov(M,MC)

.206 .052 .196 -.021
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Table 6: Average Prices, Markups, and Marginal Costs by Continent. The average price (in US dollars at the market
exchange rate), marginal cost, and markups are reported in natural logs. ∆ P is the log difference in costs between 2017 and
2011. Marginal cost is inferred by dividing price by the empirical markup from the Conduct model. ∆ MC is the log difference
in marginal cost between 2017 and 2011. The markup is the ratio of price over marginal cost as defined in Equation (3), and
∆ markup is the log difference in markup between 2017 and 2011. The sample includes only economies with domestic cement
capacity in which all data are available in two years.

Continent Year Obs Price ∆ Price MC ∆ MC Markup ∆ Markup

Capacity in both years 2011 59 5.043 4.682 0.361

Capacity in both years 2017 59 4.848 -0.195 4.587 -0.095 0.26 -0.101

Africa 2011 23 5.406 4.91 0.496

Africa 2017 23 5.037 -0.369 4.661 -0.249 0.376 -0.121

Asia 2011 23 4.637 4.417 0.221

Asia 2017 23 4.536 -0.101 4.401 -0.016 0.135 -0.086

Europe 2011 5 5.031 4.619 0.412

Europe 2017 5 4.919 -0.113 4.523 -0.097 0.396 -0.016

North America 2011 3 5.019 4.793 0.226

North America 2017 3 5.147 0.129 4.912 0.119 0.235 0.009

South America 2011 5 5.264 4.85 0.414

South America 2017 5 5.159 -0.105 4.972 0.122 0.187 -0.227
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Table 7: Regressions of Prices and Markups on Market Attributes. Robust stan-
dard errors in parenthesis. * for p < .05, ** for p < .01, and *** for p < .001.

(1) (2) (3) (4) (5) (6) (7)

VARIABLES Price Price Price Price Price Price Price

Africa (=1) 0.373*** 0.160** 0.381*** 0.059 0.059 0.066 0.022

(0.065) (0.066) (0.080) (0.072) (0.072) (0.074) (0.077)

Cement exports of neighbor (Level) -0.040*** -0.043*** -0.044*** -0.043*** -0.042***

(0.008) (0.008) (0.008) (0.007) (0.007)

Price of diesel 0.391*** 0.398*** 0.402*** 0.413*** 0.412***

(0.049) (0.049) (0.050) (0.052) (0.051)

Road density -0.048* -0.050** -0.051** -0.047* -0.033

(0.025) (0.025) (0.025) (0.025) (0.024)

Cement tariff 0.503

(0.437)

Population -0.060*** -0.061*** -0.062*** -0.128***

(0.015) (0.015) (0.016) (0.028)

GDP per capita -0.024 -0.025 -0.021 -0.028

(0.026) (0.026) (0.027) (0.027)

Construction share of GDP 0.045 0.049 0.053

(0.056) (0.057) (0.056)

Procedures to start business (Z-score) 0.024 0.031

(0.029) (0.027)

Concentration of urban centers (Z-score) -0.127***

(0.048)

Multimarket contact (Z-score) 0.013

(0.026)

Constant 4.831*** 4.940*** 4.777*** 6.163*** 6.288*** 6.297*** 7.471***

(0.043) (0.053) (0.066) (0.393) (0.449) (0.454) (0.613)

Observations 166 166 123 166 166 166 166

R-squared 0.169 0.388 0.195 0.430 0.433 0.435 0.464
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Table 8: Counterfactual Technology and Market Size. This table reports counterfac-
tual price markups, marginal costs, and quantity changes for three counterfactual scenarios.
To simulate technology transfer, we calculate the equilibrium if an economy was given the
road density of South Africa. This exercise quantifies what would happen if technology was
taken from South Africa, and installed in a country, holding all else equal. To simulate
an exogenous shift in demand, we calculate the equilibrium if any economy was given the
demand of a country with the GDP per capita of South Africa, holding the construction
share of GDP, population, the exchange rate and costs constant. The sample includes only
economies with domestic cement capacity in which all data are available in two years. Fi-
nally, we simulate both scenarios simultaneously. We report the average by continent in the
top row of each cell and indicate the 5th and 95th percentile of the changes distribution
within continent between brackets.

Continent Outcome
Road density

of South Africa

GDP per capita

of South Africa

GDP per capita and road

density of South Africa

Africa ∆ Price
-0.173 -0.152 -0.174

[-0.491, 0.000] [-0.526, 0.000 [-0.499, 0.000]

Rest of World ∆ Price
-0.098 -0.095 -0.098

[-0.362, 0.045] [-0.452, 0.074] [-0.363, 0.048]

Africa ∆ Markup
-0.148 -0.152 -0.150

[-0.504, 0.000] [-0.526, 0.000] [-0.525, 0.000]

Rest of World ∆ Markup
-0.095 -0.095 -0.095

[-0.456, 0.084] [-0.452, 0.074] [-0.452, 0.076]

Africa ∆ Marginal Cost
-0.025 0.000 -0.025

[-0.092, 0.045 [0.000, 0.000] [-0.092, 0.045]

Rest of World ∆ Marginal Cost
-0.003 0.000 -0.003

[-0.105, 0.105 [0.000, 0.000] [-0.105, 0.105]

Africa ∆ Quantity
0.219 0.193 0.222

[0.000, 0.625 ] [0.000, 0.669 ] [0.000, 0.635]

Rest of World ∆ Quantity
0.125 0.121 0.125

[-0.058, 0.461] [-0.094 , 0.575] [-0.061, 0.462 ]
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APPENDICES FOR ONLINE PUBLICATION

Appendix A: Data

Prices. Cement prices and market exchange rates are measured by the International Com-

parison Program (ICP) based on a survey of national statistical offices in 2011 and 2017

that recorded the average price of one metric ton of ordinary Portland cement for use in

construction (World Bank, 2020b). Several minor adjustments are made to the price series

to ensure comparability over time within economies. Between 2011 and 2017, in Belarus

the currency was re-denominated at rate of 10,000:1, and in São Tomé and Prinćıpe and

Zambia the currency was re-denominated at a rate of 1,000:1. To ensure comparability of

price levels between years, this re-denomination is applied retroactively to the observed 2011

prices. There are also a few changes in reporting currency: Latvia and Lithuania report

prices in euros in 2017, and in local currency in 2011, while Liberia reports prices in local

currency in 2017 and in US dollars in 2011. In these cases prices are matched in the analysis

to the market exchange rate between the US dollar with the reporting currency at the time.

Quantities. Annual national cement consumption and domestic production in 2011 and

2017 is reported in megatons (millions of metric tons) by the Global Cement Report, a trade

publication (Armstrong et al., 2013, 2019). These editions also record the number, identities

and capacities of firms operating in each economy in 2011 and 2017.

Market structure. Market structure is measured using the concentration-adjusted num-

ber of firms, given by N?
it ≡ 1/Hit, where Hit is the Herfindahl index of capacity concen-

tration. For four economies, China, India, the United States and Vietnam Armstrong et al.

(2013, 2019) do not report the capacities of all firms in the economy, just the largest. In

these cases, we include in the calculation Hit an additional firm whose capacity is defined as

the difference between total capacity and the sum of the capacities of the individual firms

whose details are reported.

Market characteristics. The ICP makes available data on several other economic vari-

ables that are included in our empirical model: nominal GDP per capita in US dollars at

market exchange rates, which may shift demand; the construction share of GDP, which ro-

tates the demand curve; and the price of one liter of diesel, which shifts the marginal cost

of cement production and transportation. Neither the price of diesel nor the construction

share of GDP are available for such a broad sample of economies from any other source.
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Table A1: Summary Statistics

(1) (2) (3) (4) (5)

VARIABLES N mean sd min max

Cement expenditure/GDP 166 0.0134 0.0125 0.000620 0.0738

Cement expenditure/construction investment 166 0.136 0.171 0.00750 1.417

Cement imports/cement consumption 166 0.412 0.379 0 1.016

Year = 2011 168 0.506 0.501 0 1

Year = 2017 166 0.494 0.501 0 1

ln(Q) 166 14.90 1.902 11.51 21.56

ln(P ) 166 5.004 0.454 4.169 6.180

ln(E) 166 -3.718 2.974 -10.02 1.273

ln(CONST) 166 -2.195 0.492 -4.017 -1.124

ln(GDPPC) 166 8.260 1.488 5.526 11.48

ln(POP) 166 16.40 1.696 12.97 21.05

ln(PDIESEL) 166 -0.102 0.544 -2.708 1.074

GYPSUM 166 0.205 0.405 0 1

EXPORTNEAR 166 1.167 2.897 0 21

RLE 166 -0.205 0.887 -1.780 2.027

STARTUPPROCEDURES 166 8.500 3.409 2 19

ROADDENS (km per km2) 166 0.493 1.202 0.0123 9.574

URBCON 166 0.401 0.317 0.00771 1

MMC 166 1.002 2.191 0 13.17

Production capacity (=1) 166 0.892 0.312 0 1

firms hhi 148 3.358 2.785 1 13.98

cartel 166 0.211 0.409 0 1

Herfindahl index of capacity 148 0.493 0.314 0.0715 1

Multinational share of capacity 168 0.498 0.412 0 1.591

Recent entrant share of capacity 168 0.101 0.206 0 1

Effectiveness of anti-monopoly policy (WEF) 140 3.945 0.766 2.350 5.779
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Figure A1: The Price of Cement Across Economies. The choropleth shows the US
dollar price of one metric ton of Ordinary Portland cement at the market exchange rate, in
2011 and 2017. Geographic boundaries are as of February 2021.
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Appendix B: Derivation of the Markup

Proof. Index each firm by j and suppress the index for each market. In each market, each

firm’s problem is

max
qj

P (Q,D)qj − C(qj,Cj)− F (Fj).

By the product and chain rules, each firm’s first order condition is

P +
∂P

∂Q

∂Q

∂qj
qj = C ′(qj,Cj). (B1)

Define λ ≡ ∂Q
∂qj

as firm j’s beliefs about the post entry game. Define marginal cost as

MCj ≡ C ′(qj,Cj) and market share sj =
qj
Q

. Substituting these identities into Equation

(B1) yields

P +
∂P

∂Q
Qλsj = MCj. (B2)

Define η ≡ −∂Q
∂P

P
Q

as the market price elasticity of demand. Assuming that the demand

curve Q(P ) is continuously differentiable, by the inverse function theorem η = − 1
∂P
∂Q

P
Q

⇐⇒
∂P
∂Q
Q = −P

η
. Substituting this identity into Equation (B2) yields

P − Pλsj
η

= MCj (B3)

To explore the effect of the number of firms N on prices, we aggregate Equation (B3) to

yield an expression for average marginal cost or MC = 1
N

∑N
j=1MCj or

P =

(
ηN

ηN − λ

)
MC. (B4)

Equation (B4) is Equation (3) in this paper, the Cournot case (λ = 1) of which is Equation

(8) in Berry and Reiss (2007). There, the market price elasticity of demand is expressed as

a negative number, whereas we express it as a positive number, the colloquial form.
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Appendix C: GMM Estimation

The estimator chooses θ = (α, β, λ, γ, σ) to minimize the objective function

g(θ) =
∑
it


Zitξit(α)

Witωit(α, β, λ)

∂ ln(Lit(α, β, λ, γ, σ))/∂γ

∂ ln(Lit(α, β, λ, γ, σ))/∂σ

 ,

where the vector Zit contains all variables in the demand Equation (1), but replacing ln(Pit)

with EXPORTNEARESTit) to identify the demand elasticity. In the Cournot model,

Wit contains all variables in the marginal cost function in Equation (7). In the Conduct

model, Wit also includes columns Z(URBCONit), Z(MMCit), and ln(POPit)
n where n ∈

{1, 2}. We employ a continuously-updating GMM estimator, which has better small sample

properties than the canonical two-step procedure (Hansen, Heaton and Yaron, 1996). Each

equation of the model is estimated separately and these parameters are used as starting

values when minimizing the objective function.
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Appendix D: Additional Tables and Figures

Table D1: Robustness of conduct to alternative specifications of marginal cost.
The table reports the estimated conduct parameters for the same model as in Table 2,
but with different specifications of marginal cost for countries with production capacity.
Alternative 1 includes only the exchange rate, cement exports of the neighbor, the price of
diesel, and a constant. Alternative 2 includes all variables in the specification in Table 2, and
their squares. Alternative 3 is the same as Alternative 2, but with all possible interactions.

Coefficient S.e.

Alternative cost model 1

Concentration of urban centers -0.1767 0.0630

Multimarket contact 0.1889 0.0958

Constant 0.7646 0.2464

Alternative cost model 2

Concentration of urban centers -0.1149 0.0565

Multimarket contact 0.1533 0.1008

Constant 0.6017 0.2696

Alternative cost model 3

Concentration of urban centers -0.1364 0.0639

Multimarket contact 0.0900 0.1204

Constant 0.5238 0.2876
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Table D2: Cement Prices and markups and PPP GDP per capita. Market charac-
teristics are in natural logs unless stated otherwise. Robust standard errors in parenthesis.
* for p < .05, ** for p < .01, and *** for p < .001.

(1) (2) (3) (4) (5) (6) (7)

VARIABLES Price Price Price Price Price Price Price

GDP per capita (PPP) -0.136*** -0.054* -0.207*** -0.066** -0.067** -0.063** -0.061**

(0.029) (0.028) (0.039) (0.028) (0.028) (0.028) (0.030)

Cement exports of neighbor (Level) -0.045*** -0.044*** -0.044*** -0.044*** -0.042***

(0.008) (0.007) (0.007) (0.007) (0.007)

Price of diesel 0.406*** 0.391*** 0.396*** 0.412*** 0.402***

(0.051) (0.052) (0.053) (0.055) (0.054)

Road density -0.049* -0.045* -0.046* -0.041* -0.027

(0.026) (0.024) (0.024) (0.025) (0.024)

Cement tariff -0.482

(0.471)

Population -0.069*** -0.070*** -0.073*** -0.132***

(0.015) (0.016) (0.016) (0.026)

Construction share of GDP 0.054 0.060 0.061

(0.056) (0.057) (0.056)

Procedures to start business (Z-score) 0.029 0.039

(0.029) (0.028)

Concentration of urban centers (Z-score) -0.118**

(0.047)

Multimarket contact (Z-score) 0.021

(0.026)

Constant 6.232*** 5.509*** 6.912*** 6.750*** 6.905*** 6.937*** 7.902***

(0.263) (0.268) (0.381) (0.407) (0.466) (0.475) (0.567)

Observations 163 163 120 163 163 163 163

R-squared 0.131 0.386 0.230 0.451 0.454 0.457 0.484
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Table D3: Industry Equilibrium Model with an Africa Fixed Effect. The price of
cement is in logs.

Cournot Conduct Parameter P-value

Variable Coefficient S.e. Coefficient S.e. H0: Equality

Demand:

Africa = 1 3.116 3.6 3.114 3.167 1

Price of cement × (Africa = 1) -0.716 0.717 -0.652 0.634 0.94

Supply with domestic production capacity:

Africa = 1 0.018 0.584 0.66 0.511 0.41

Fixed costs:

Africa = 1 -0.635 1.032 -1.73 0.999 0.45

Standard Deviation Term × (Africa=1) -0.302 0.362 -0.276 0.243 0.95

Conduct:

Africa (= 1) -0.749 0.93

Sargan-Hansen J-Statistic 0.793

Sargan-Hansen test p-value 0.673
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Table D4: Error Decomposition. We compute the mean and standard deviation of the
demand and supply error empirical distribution functions by continent that we obtain using
the Conduct model. We cannot reject the null hypothesis that the two groups have the same
demand and supply errors.

Continent Mean ω̂ Std ω̂ Mean ξ̂ Std ξ̂

Africa -.010 .610 .0155 .412

Rest of World .015 .517 -.002 .310

59


	Introduction
	Data, Motivating Facts, and Industry Background
	Data
	Motivating Facts
	Industry Background

	A Model of Equilibrium Prices, Markups, and Entry
	An Empirical Model of the Cement Industry
	Estimating Equations
	Identification and Joint Estimation

	Results
	Estimated Empirical Equilibrium Model
	Drivers of International Price Dispersion and Changes.
	Counterfactual

	Conclusions

