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ABSTRACT OF THE DISSERTATION

Quasi-experiments in Competition and Public Policy: Evidence from Chilean Economic History

Felipe B. Carrera Galleguillos
Doctor of Philosophy in Economics
University of California, Los Angeles, 2020

Professor Simon Adrian Board, Chair

Compared to other disciplines, one of the distinctive features of Economics is the impossibility
of doing experiments to study empirically relevant questions. In this dissertation, I use two episodes
from the past where the unique features of the institutional environment created quasi-experiments
that help us understand relevant issues relate to cartels and neighborhood effects. In the fist two
chapters, I use the Chilean nitrate industry between the War of the Pacific and the start of the
First World War (1880-1914) to shed light on the effects of entry for cartels and the importance
of learning for effective cartel organization. The Chilean nitrate industry was very important at
the time: Chilean nitrate was the main commercial fertilizer used in the world. Also, it was the
main industry of Chile, the only country where it is found, where it represented 70% of exports
and 45% of government revenues. Importantly, there was no antitrust legislation and no domestic
consumer surplus to protect in Chile. Thus, cartels could be freely formed by nitrate producers.
Moreover, these cartels were completely public: Their decisions were publicly discussed by the press
and the public and they would be formed by the signature of a public contract. I collected from

handwritten archival records an original data set of monthly output and inputs that covers 35 years
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of this industry, period over which 5 cartels were organized. In the third chapter, I introduce a novel
new dataset to study neighborhood effects that uses a massive program of forced-displacement of
population within the city of Santiago in the context of the Chilean dictatorship in the early 1980s.

Chapter 1 studies the effect of cartels on entry, and the long-term effect of cartel-induced entry
for the evolution of industry productivity. Intuitively, as cartels artificially increase prices entry
becomes more attractive and less productive firms may decide to enter. Because of data limitations,
previous researchers have not quantified the extensive margin mechanism. My analysis has 3 steps.
First, I evaluate if nitrate cartels caused more entry of new firms. I find that cartels generated
an additional entry of 4 plants per year or about 5% of the initial number of plants in my main
period of interest. Second, I estimate the productivity of all the plants in the industry to analyze
if firms that entered during cartel periods where less productive. I find that there is a sizable gap
in average productivity between entrants during competition and cartel periods: If the median-
sized plant in the industry had received this productivity gap its revenue would have increases by
one-third. Third, I conduct two counterfactual simulations. The first, studies the effect of entry
on cartel profits by estimating incumbent cartel members counterfactual profits if they had been
able to prevent any additional entry. I find their counterfactual profits would have been 40% larger
had there been no entry. The second counterfactual studies the effect of having a cartel on entry.
Specifically, what would the number of new firms and their productivity have been, if during the
Fourth and Fifth Cartels there had been competition? I find that 18% of the plants that entered
in the data would have not entered. This translates into an increase on mean plant productivity of
3%.

Chapter 2 studies the degree to which experience helps firms to organize successful cartels.
Unlike in most of the previous literature on cartels, in the nitrate cartels issues related to monitoring
and enforcement were of secondary importance with respect to the challenge of allocating the
collusive surplus among the colluding firms. I document that cartel contracts gradually became
more complete, generated a smoother transition from competition to collusion, and that producers
eventually discarded inefficient methods of market share allocation, associated to larger production
costs, in favor of better alternatives. In particular, I am able to estimate that the time method
used during the Second Cartel directly caused higher production costs of about 10%, while the trial

method implemented during the Third Cartel caused higher costs of approximately 20%.
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Finally, Chapter 3 describes a novel large dataset that combines archival records and adminis-
trative data to study a natural experiment that occurred during the Chilean dictatorship between
1979 and 1985, when the government mandated the relocation of a large number of slums in the
city of Santiago, Chile. Some features of the program’s implementation make it of unique interest
to study the broad effects of neighborhoods on social mobility and inequality: the unit of treat-
ment was the slum, participation was mandatory and compliance was very high, since the policy
was implemented during a highly repressive dictatorial government. In addition, and only some of
the slums were removed from their original location creating two groups of families: movers and
non-movers, which allows me to identify a causal displacement effect. The dataset comprises data
for more than 26,000 households that were part of this program (out of a total of 40,000 house-
holds) and more than 58,000 of their children, providing the potential for causal estimation of the
long-term and inter-generational effects of moving to a high-poverty neighborhood on education,

mortality, income, and crime.
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Chapter 1

Cartels, Entry, and Productivity:
Evidence from the Chilean Nitrate

Cartels

This paper studies the effect of cartels on the quantity and quality of new firms in an industry with
low barriers to entry. Intuitively, since cartels generate artificially high profits, low-productivity
firms may enter and erode the industry’s productivity, raise dispersion, and reduce total surplus.
To quantify these effects, we analyze Chile’s nitrate cartel in the early 20" Century, an industry
that dominated Chile’s economy at the time. We show that during cartel periods, entry was higher
(by 4 plants per year) and that these entrants had substantially lower productivity (by roughly
one-third of the mean TFP). We show that low barriers to entry reduced the profits of incumbent
cartel members by 40%. Moreover, we simulate each firm’s entry decision and show that, had
prices been determined competitively, 25% of the new plants would have postponed or canceled

their entry to the industry.



1.1 Introduction

Cartels are a common feature in most economies. For instance, in the period 2015-19, the European
Commission imposed fines in excess of €8.3 billion in 27 cartel cases.! Moreover, it is likely they
are present in even greater numbers in nations with weaker antitrust systems than those of the EU
or the United States.

As is well understood, cartels impose costs to society by increasing prices, and thereby reducing
consumer surplus (e.g., Harberger (1954)). In addition, recent papers have shown that cartels reduce
productive efficiency by misallocating output to less efficient cartel members (e.g., Asker, Collard-
Wexler, and De Loecker (2019)). This paper considers a new channel through which cartels lead to
productive inefficiency: By artificially making entry more attractive, they induce less productive
inefficient firms to enter the industry.

We quantify the effect of cartels on entry by studying the Chilean nitrate cartel in the early
20" Century. This industry is attractive because the cartel was legally enforceable, entry barriers
were low, and, over 35 years, the industry switched between cartel and perfect competition multiple
times. Using a newly collected dataset, we show that during cartel periods, average entry increased
from 5 to 9 plants per year. Moreover, entrants during cartel periods were less productive by
one-third of the mean TFP. We conduct two counterfactuals. First, using detailed accounts from
historical records about these cartels’ inner workings, together with our structural estimates, we
show that low barriers to entry lowered incumbent profits by 40%. Second, we estimate a model of
firm dynamics and show that had the cartel not existed, 25% of plants would have postponed or
cancel their entry.

These findings are important from a historical and present day perspective. At the time,
Chile’s nitrate industry dominated Chile’s economy, accounting for 65% of exports and 45% of
government revenues. The excess entry lowered the mean productivity of the industry by 3%
and had a measurable effect on tax revenue and GDP. This poses important lessons for other
developing countries that are dominated by extractive industries. Moreover, the paper speaks to
the literature on productivity dispersion (e.g., Syverson (2004)) by showing that market power

caused by coordinated action by otherwise independent firms can generate inefficient entry.

'European Commision, Directorate-General for Competition (2019).
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Our analysis proceeds in four steps. First, we obtain reduced-form evidence about the effect
of cartels on entry. Second, we estimate the productivity of the nitrate-producing plants. Third,
combining the distribution of productivity in the industry with additional cost data, we compute
plant-level continuation values. Fourth, we perform counterfactual estimations.

The Chilean nitrate industry between 1880 and 1914 is well suited to answer our research
question. The industry had low concentration, a large number of firms and potential entrants, and
low barriers to entry. In this period, nitrate producers periodically formed quantity-setting cartels
with the goal of raising prices. These cartels were completely public, and produced abrupt shifts
between perfect competition and cartel settings. Moreover, these shifts were exogenous from the
point of view of potential entrants. We focus our analysis on two incarnations of the nitrate cartel,
which are regarded as the most efficiently organized according to historical records and for which
we have extensive data.? Finally, all producers used the same technology of production, which
remained unchanged throughout this period.

We collect new plant-level and industry-level data from several archival sources in Chile: plant-
level inputs and outputs; plant characteristics; industry-level output, exports, and consumption;
market prices; and contracts used to implement each cartel. These rich data allow us to estimate
the production function for each plant in the industry, and to study their entry problem.

We first explore the relationship between a competitive regime and the amount of entry and
exit. The cartel generated an increase in prices by reducing aggregate output. We show that
cartels, even controlling for contemporaneous price, generated a significant additional entry of new
plants of more than 2 plants per year (4 plants per year for the cartels that are our main focus of
analysis). Moreover, a competitive regime was not significantly related to plant exit.

In order to compare the productivity of firms that entered in periods of cartel and competition,
we estimate the productivity of the plants in the industry. We implement a control function
method based on Olly and Pakes (1996) to generate consistent productivity estimates. We find
the productivity distribution of entrants to be significantly different depending on the competitive
regime at the moment of entry. The average productivity of plants that entered during cartel
periods was smaller than that of plants that entered during competition by about one-third of the

mean TFP. This difference in productivity is economically significant: A median-sized plant would

2The organization of nitrate cartels is explained in detail in a complementary paper, Carrera and Titov (2020).
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increase revenue by one-third, or $400k in current dollars, if it increased its productivity by the
average productivity difference between entrants in competition and cartel periods.

We then compute continuation values for the plants in the industry in order to perform counter-
factual simulations. To do this, we use our productivity estimates to develop a simple model that
combines empirically expected levels of output with a Markov model that regulates the transition
across prices and competition regimes and a plant-specific cost function. Median plant value at
moment of entry is estimated at approximately $25m (in current dollars), although there is signif-
icant dispersion. Once entry costs are incorporated, estimates are consistent with observed entry
behavior.

We use two counterfactuals to further explore the relationship between cartels, productivity,
and entry. First, we evaluate the effect of low barriers to entry on cartel profits by computing
counterfactual profits for incumbent cartel members, assuming they are able to prevent entry.
We estimate that aggregate profits for those firms would have been 39% larger than observed,
demonstrating that low barriers to entry are quite costly for cartels.

In the second counterfactual, we estimate how industry composition would have changed if two
cartel episodes, between 1901 and 1909, had not occurred. We find that 18% of observed new plants
would have not entered, and an additional 6% would have postponed their entry in the absence of
the cartel. Plants that would not have entered in the counterfactual case had lower productivity,
which translates into a 3% decrease, over 8 years, in mean industry productivity.

Our main results indicate that cartels have a substantial positive effect on the number of entrants
to an industry and a negative effect on their productivity—eroding industry’s productivity and
reducing total surplus in the long run. Low barriers to entry are also shown to be costly to
incumbent cartel members, as entry induced by cartel profits will significantly reduce their initial
market shares.

Our paper is organized as follows. Section 3 presents the industry, emphasizing relevant features
for identification and modeling decisions presented later in the paper. Section 4 introduces our
datasets and summary statistics for the plants in the industry. In Section 5, we perform a reduced-
form analysis of the effect of cartels on entry. In Section 6, we estimate plant-level productivity
and compute the effect of cartels on mean productivity of entrants. In Section 7, we introduce a

simple model of plant entry decision and we estimate plant-level continuation values. Finally, in
4



Section 8 we describe our counterfactual simulations. The appendix presents additional industry

background, tables, and figures that complement the main text.

1.2 Related Literature

Our paper studies the welfare consequences of cartels through their effect on productivity—unlike
most of the literature, which has focused on surplus losses due to output restrictions and higher
prices. Our work is closely related to a broader literature on the welfare costs of monopolies
that dates to Harberger (1954), who understood the potential distorting effect of market power on
resource allocation. Modern examples include applications on settings with cartels (e.g., Bridgman,
Qi, and Schmitz Jr (2015)) and trade liberalization (e.g., Schmitz Jr (2005), Pavenik (2002) and
Dunne, Klimek, and Schmitz (2010)).3

Our paper is most closely related to Asker, Collard-Wexler, and De Loecker (2019), who study
the misallocation of output in the global oil industry due to OPEC’s market power. The focus of
each paper is different, since our paper deals with extensive margin productive inefficiency while
theirs studies the inefficiency caused by the suboptimal timing of oil field exploitation. Moreover,
there are two significant differences in the setting of each paper. First, productivity dispersion in
the nitrate industry is more representative of a typical industry, with a TFP ratio between a firm
in the 90" decile of the productivity distribution and a firm in the 10" decile (90-10 TFP ratio)
of 2.67. This value is on the same order of magnitude of the average 90-10 TFP ratio in the U.S.
manufacturing sector of 1.92 (Syverson, 2004).* In contrast, the oil industry presents a much larger
90-10 TFP ratio of 9 (Asker, Collard-Wexler, and De Loecker, 2019). Second, the OPEC is an
international permanent cartel formed by national governments and dominated by members with
a permanent and large cost advantage. These characteristics distinguish OPEC from a standard
intranational cartel.

So far, works dealing with the relationship between cartels and productivity have used settings
with important barriers to entry. Bridgman, Qi, and Schmitz Jr (2015) and Rucker, Thurman, and

Sumner (1995) analyze deadweight losses in industries in which incumbent producers cannot trans-

3See Holmes and Schmitz Jr (2010) for a short survey.
“In developing countries, productivity dispersion seems to be larger. For instance, Hsieh and Klenow (2009) find
an average 90-10 TFP ratios of about 5 for China and India.
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fer their production quotas outside a limited geographic area. Monke, Pearson, and Silva-Carvalho
(1987) analyze the outcomes of a flour-milling cartel in Portugal, and find large productivity losses
from both misallocation of production and capacity restrictions imposed by the cartel together with
the government. Similarly, in the case of the Norwegian cement industry analyzed by Roller and
Steen (2006), industry productivity suffered as incumbent firms raced to expand capacity, given
the quota allocation rules of the cartel, before merging to form a monopoly.

Some studies take a cross-industry or aggregate approach. Cole and Ohanian (2004) study the
economy-wide effect of New Deal cartels, and show that they negatively affected economic activity.
Symeonidis (2008) does a reduced-form analysis of the effects of competition on productivity and
wages in a large sample of manufacturing sectors in the United Kingdom during the 1960s, taking
advantage of passage of the Restrictive Practices Act in 1956 as a natural experiment. In contrast,
we choose to study a single industry to understand fundamentals behind productivity and costs,
which allow us to conduct counterfactual simulations.

Finally, our work contributes to the literature that studies cartel organization (an extensive
survey is provided by Levenstein and Suslow (2006)) by being the first to quantify the effect of
cartels on the amount of entry in a low-barriers-to-entry industry. This literature has identified four
key challenges cartels must address in order to succeed (McAfee and McMillan, 1992): bargain-
ing, monitoring, entry, and resistance from authorities. However, because of the demanding data

requirements to study entry, this aspect of cartel organization has thus far been largely overlooked.

1.3 Industry Background

This section describes some important institutional details of the nitrate of soda industry, with a
focus on the Chilean Nitrate Age (1884-1914). In particular, it presents industry characteristics
important for identification and for understanding the modeling decisions implemented later. For

additional details on the Chilean nitrate industry, please go to Section 1.A of the Appendix.

1.3.1 Historical development and expansion

The period between the War of the Pacific (1879-84) and the outbreak of the First World War

is often referred to as the Chilean Nitrate Age. During this period, nitrate of soda was the main
6



Table 1.1: Evolution of the Nitrate Industry

Year Plants (number) Output (thous. of tons) Workers (thous.)

1882 43 492 7.1
1887 57 713 7.2
1892 NA 804 13.5
1897 42 1,187 16.7
1901 66 1,329 20.3
1906 96 1,822 NA
1910 102 2,465 43,5
1914 137 2,463 44,0

Sources: Cariola, Sunkel, and Sagredo (1991), Semper et al. (1908), and Godoy
Orellana (2016).

commercial fertilizer used in the world. For instance, by 1900, nitrate of soda represented two-thirds
of the world’s total supply of commercial fertilizers (Wisniak and Garces, 2001). At the same time,
the entirety of the industry was, for the first time, located in a single nation.

Nitrate of soda is a natural fertilizer used to transfer nitrogen to the soil. The only commercially
viable deposits are found in two provinces of the Chilean Atacama Desert (Vicufa, 1931).% Tt is
an homogeneous product, since it was only sold in two versions® without any differentiation across
producers. The closest available substitute during this period was sulphate of ammonia. Besides
its use as a fertilizer, which accounted for roughly three-quarters of consumption, it had some
alternative uses, the most important of which was as an input in the manufacture of explosives.

Nitrate was produced by private firms in purpose-built plants located on the desert. Figure
2.2.1 shows La Patria nitrate plant as a representative example. The basic configuration of a
nitrate plant consisted of a central refining facility in the midst of the nitrate-bearing grounds that
would feed it.” Packaged nitrate would then be dried and stored near the refining facility before
being transported by railroad to the nearest port. In a standard transaction, producers would sell
ready-for-export nitrate at the port. Traders would then transport it by boat to the consuming
markets of Western Europe and the United States.

The nitrate industry featured a large number of firms and experienced constant expansion

5The two provinces were Tarapaca (previously owned by Peru) and Antofagasta (shared by Bolivia and Chile
before the war).

5The two versions were ordinary (95% purity) and refined (98% purity), with ordinary constituting almost all of
output.

"The only exception to this configuration was the Antofagasta Company before 1907, which instead used a central
refining facility in the port of the same name.



Figure 1.1: Nitrate Plant Example: La Patria Plant

Sources: Boudat (1889).



during the Nitrate Age. Table 2.2.1 presents basic statistics regarding the industry’s evolution
during our period of interest. As a consequence of the large number of firms,® the industry had
persistently low levels of concentration. For instance, in 1901 the largest firm had a market share
of 6.4%, while in 1907 the largest market share was 7.6%. Firms were owned mostly by British,
German, and Chilean entrepreneurs.

A distinct industry characteristic is that demand and prices were very volatile. This came as
a result of three market characteristics (Bertrand, 1910). First, most nitrate was used during the
European harvest season, between March and June of each year, which corresponded to about
90% of the agricultural consumption of nitrate. Second, the European demand had high variance,
depending on the current year’s weather shocks. Third, the large distance between Europe and
Chile meant that nitrate producers were not able to react to same-year demand shocks,” since
nitrate production, due to economies of scale, was bound to be year-round. These patterns are
summarized in Figure 2.2.2. This situation was reinforced by the fact that nitrate intermediaries
provided only minimal storage, because of the financial risks associated with its wide fluctuations
in price.

The Chilean government implemented a nitrate policy based on two pillars: private ownership
of the industry with low regulation, inspired by laissez faire principles, and heavy taxation using
a per-unit export tax of approximately 2.54 pounds sterling per ton exported (this corresponds to
about $400 per ton in current dollars) (Brown, 1963).!° Nitrate of soda rapidly became the most
important export of Chile, accounting for approximately 65% of exports.'’ At the same time, the
nitrate export tax became the most important source of government revenues and explained, on
average, 45% of total tax revenues between 1885 and 1914 (Chilean Ministry of Finance, 1925).

The First World War fundamentally changed the market for nitrate of soda,'? as Chile lost its

monopoly on nitrate of soda due to the invention of the Haber-Bosch method for production of

8Some firms owned more than one plant. Most of the firms that entered during our main period of interest were
single-firm plants.

9Semper et al. (1908) estimate average times of travel of 90 to 100 days for sailboats and 45 to 65 days for
steamboats.

10Figures regarding the nitrate export tax also include the export tax collected on iodine exports. Iodine is a
by-product of the elaboration of nitrate of soda.

" Computed from Cariola, Sunkel, and Sagredo (1991, p. 139), as the average of nitrate participation on exports
in years ending in 0 or 5 during the Nitrate Age.

12The outbreak of the war also greatly disrupted the industry, as the blockade of the Central Powers closed some
of the most important export markets overnight at the same time as the industry experienced a positive demand
shock, driven by sales to the Allied powers.



Figure 1.2: Industry Output and Consumption
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Notes: Monthly industry-level output (dashed line) and consumption (solid line) between the years 1905 and 1908.

synthetic nitrate. The effects of this event for the Chilean nitrate industry were devastating; it

never recovered its previous levels of profitability.

1.3.2 Public cartels in the Chilean nitrate industry

Nitrate of soda producers formed cartels on five separate occasions (see Table 2.3.1). These car-
tels lasted from a minimum of 17 months to a maximum of 5 years, and had almost unanimous
participation by nitrate firms.'3

Historical records show that producers formed cartels to take advantage of their joint market

power in the global fertilizer market. For instance, during a competitive period, a nitrate producers’

publication states:

Currently, it can be said the industry is producing as much as it is allowed by the potency
of the elements at its disposal ...On the other hand, it is the conviction of every and
each producer that today they deliver their valuable product ... depressed by at least a

shilling in the price consumers can still pay at great advantage for their economy ... The

13Collusive agreements generally required the participation of at least 95% of industry output for the cartel to

become operative.
MNPA Quarterly Circular, Number 18, May 25, 1899, p. 6.
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Table 1.2: List of Nitrate Cartels

Cartel Start Date End Date Early termination
First 1884-August  1886-December No
Second  1891-March 1894-March No
Third 1896-April 1897-October Yes
Fourth  1901-April 1906-March No
Fifth 1906-April 1909-March No

Notes: Early termination indicates whether the End Date corresponds to
the original termination date agreed on in the collusive contract or if an
early termination clause of the collusive contract was invoked. Source:
Brown (1963).

result, therefore, of sound advice and mere commercial foresight would be to agree on
a formula under which all [producers| consulted their interests and marched together in

pursuit of own and general welfare.

Before the start of each cartel, a collusive contract would be signed by all participating produc-
ers. Among the aspects regulated by these contracts were cartel duration, allocation of collusive
quotas, dispute resolution mechanisms, rules regarding a potential early dissolution of the cartel,
and norms for inclusion of new producers. Day-to-day operations of the cartel were managed by
an elected board of producers, who were supported by the permanent staff of the trade association
of nitrate producers (called the “Nitrate Propaganda Association,” or NPA henceforth) after its
creation in 1894.

A distinctive feature of these cartels is that they were completely public, including their collusive
contracts. This was the result of the absence of any antitrust legislation in Chile at the time.

Cartel duration was explicitly agreed upon in the collusive contracts.'®> In the case of the
first two cartels, duration was initially set for a short period of time (1 or 2 years), under the
understanding that the cartel would, at the expiration date, be renewed under the same basic
collusive contract. After the Third Cartel, duration of the contract became longer (3 or 5 years),
and to extend collusion after that date, a whole new contract would have to be agreed upon by
producers, allowing for a more complete renegotiation of the terms.

Regarding the effects of nitrate cartels, as an illustration, Figure 2.3.1 shows the industry yearly

15 After the Second Cartel, a specific procedure to trigger an early dissolution of the cartel was also included in the
contracts. This procedure required the agreement of a super-majority of producers as a fraction of industry output.
Only in the case of the Third Cartel was an early dissolution discussed and approved.
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Figure 1.3: Industry yearly output (tons)
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Notes: Yearly industry output shown as circles (triangles) for competition (cartel) years. The dashed line presents
a nonparametric trend, computed only using industry output observed during years in competition. Cartel and War
of Pacific periods are shaded. FEach cartel’s number by chronological order is written on its respective period.

output, together with a trend that considers only years with free competition, showing that output
during cartel years was always below what could be expected given the previous trend of output
during competition.

Table 2.3.2 summarizes the effect of cartels on industry output. In this table, the dependent
variable is monthly industry-level output, while the main independent variables of interest are
individual cartel dummies. The regression also includes dummies related to high-and-low-demand
seasons and a time trend. The main result of Table 2.3.2 is that going from competition to cartel
was correlated with an industry output reduction of around 18%. Cartels had heterogeneous results,

which is consistent with contemporaneous descriptions.'®

1.4 Data and Summary Statistics

Unlike most industries in the developing world at the time, producers and government agencies that

were related to the nitrate industry placed great importance on the collection of detailed statistics.

16Sources emphasize how the use of different contractual rules led to disparate degrees of success. In particular,
Cartels Fourth and Fifth had a significant effect on aggregate output. Cartel rules are explained in detail in a
complementary paper, Carrera and Titov (2020).
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Table 1.3: Cartel Effects Regressions

Dependent variable:

log(Nitrate Output)

(1) (2)
Cartel —0.187***
(0.031)
Cartel 1 —0.549***
(0.084)
Cartel 2 —0.045
(0.053)
Cartel 3 —0.019
(0.095)
Cartel 4 —0.137***
(0.022)
Cartel 5 —0.167***
(0.029)
Time 0.0002***  0.0002***
(0.00001)  (0.00001)
Constant 16.426*** 16.184***
(0.132) (0.145)
Observations 404 404
Controls Yes Yes
R? 0.818 0.841
Adjusted R? 0.817 0.838

Notes: Robust standard errors in paren-
theses. Observations correspond to
months at the industry level. Cartel
takes the value 1 if any cartel was ac-
tive and 0 otherwise. Cartel 1 takes
the value 1 if First Cartel was active
and 0 otherwise. Additional indicator
variables for individual cartels follow the
same logic. *p < 0.1; **p < 0.05;
**p < 0.01.
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Meticulous record-keeping was also helped by the isolated nature of the industry’s environment,
where it was the solely economic activity of importance.

The main dataset is a panel describing plant-level output and input decisions with a monthly
frequency. This dataset, put together for the first time, was compiled from two main contempora-
neous sources. The first corresponds to monthly plant-level industry reports compiled in the form
of handwritten spreadsheets by the Nitrate Agency, which cover the period 1883 to 1909.!'7 The
second source is plant-level output and export monthly reports produced by the NPA, which mostly

cover the period 1900-1914.

For the complete sample of months and plants, the data contained in the Nitrate Agency
spreadsheets include nitrate output, exports, and stocks; iodine output, exports, and stocks; number
and nationality of workers; and number and type of animals. There was also a partial collection of
statistics on days worked and energy inputs. In total, we were able to collect spreadsheets for 228
months over this period, with 15,804 observations at the plant-month level The dataset generated
using Nitrate Agency data was complemented by monthly plant-level output data from the NPA
monthly output reports (our second source). In this case, records are available for 21 months before
1900 and for every month after that year, for a total of 23,518 observations. The merged dataset,

once redundant observations were removed, contains a total of 32,623 plant-month observations.!®

Constructing the main dataset proved challenging at times. Both of our main sources come from
physical archives and had never before been assembled into a single dataset. Spreadsheets produced
by the Nitrate Agency were scattered in several archives located in Santiago and the Nitrate Re-
gion.!® Moreover, these spreadsheets are original internal reports, produced to be sent from the
agency’s local office in the Nitrate Region to the Ministry of Finance in Santiago, which means that
they are handwritten. Additional archival work took place in order to gather complementary data:
Supplementary spreadsheets were gathered from reprints of the Official Journal of the Republic of
Chile and local newspapers from the Nitrate Region, and NPA monthly output and exports reports
were available in physical format at the Chilean National Library. Furthermore, data processing

imposed additional challenges. For instance, several plants shared the same name (e.g., there were

For an example of a typical spreadsheets, see Figure 1.B.5 in Appendix 1.B.

18 A summary of the coverage of both primary sources can be seen in Figure 1.B.1 in Appendix 1.B.

198 pecifically, from the Ministry of Finance Section of both the National Historical Archives and the National
Archives of the Administration in Santiago, Chile; and the Tarapaca Regional Archives in Iquique, Chile.
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Table 1.4: Summary of Data Sources

Data Sources

Prices UK The Economist, Chemical Trade Journal
Prices Chile Nitrate Agency, NPA

Cost parameters Semper et al. (1908)

Plant characteristics ~ Narro (several issues), Boudat (1889)

15t Cartel contract Comité Salitrero (1884)

2nd Cartel contract National Notarial Archive. Iquique Notaries. Volume 132.
3'd Cartel contract National Notarial Archive. Iquique Notaries. Volume 141.
4™ Cartel contract NPA (1900)

5th Cartel contract Semper et al. (1908, p. 321)

five plants named “Sacramento” and seven named “Rosario”). To distinguish between them, the
Nitrate Agency and the NPA used naming conventions, such as adding a geographical or ownership
reference to the name, which were not always consistent. Finally, industry sources did not use a
standard set of units to produce their reports. Hence, each reporting agency would use a different
units convention.

The main dataset was complemented by data from several other sources, which are summarized
on Table 2.4.1.2° From sources in the National Notarial Archive and the National Library, we
collected the five collusive agreements signed by the nitrate producers between 1884 and 1909. UK
price data, for nitrate of soda and related products, was obtained from The Economist and The
Chemical Trade Journal. Chilean prices were gathered from the Annual Report of the Nitrate
Agency and the “Estadistica Comparada de Anos Salitreros,” which is a compendium of aggregate
statistics published by the NPA. Extensive historical evidence from nitrate producers’ internal
discussions was obtained from the Quarterly Circulars published by the NPA and the nitrate
producers’ meeting minutes (NPA, 1909). Additional qualitative evidence comes from the internal
correspondence of one of the main nitrate firms, the Antofagasta Company.

Some limitations remain regarding our data. First, before 1890, Nitrate Agency spreadsheets
included only the Tarapaca Province (which, at that time, corresponded to around 90% of industry
output). Second, there are 22 months between March 1883 and February 1897 for which we do
not possess output plant-level data. Third, our inputs data ends in 1909 which means that we

can’t estimate productivity for plants that entered after that year. Finally, one company (the

20 Additional details are found in Appendix 1.B.
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Table 1.5: Summary Statistics: Nitrate Plants

Statistic =~ Workers ~ Animals  Capacity (tons)  Avg. output (tons)

N 176 178 200 200
Mean 289 103 3,494 1,703
St. Dev. 179 64 2,861 1,239
Min 5 2 30 18

Pctl(25) 167 57 1,610.2 932

Median 245 89 2,663.7 1,337
Pctl(75) 383 139 4,267.1 2,161
Max 1,038 309 15,647 6,721

Notes: Capacity estimated as maximum monthly observed output in moving period
of five years (observations from year 1896 were dropped). Workers, animals, capac-
ity, and average output correspond to mean monthly values, excluding zero output
observations. Sources: Authors’ calculations using main dataset.

Antofagasta Company) refused to report its output before 1895 (however, they did report their
inputs).

Table 2.4.2 shows summary statistics for the 200 plants in our main dataset. The median nitrate
plant had 245 workers and 89 animals, although there was a significant dispersion. Column 3 shows
capacity, which was estimated as the maximum plant-level monthly output observed in any month
of a moving 5-year interval.2! Column 4 presents the average monthly output, conditional on plants
being active. The industry presents a large amount of excess capacity, with average output doubling
the average monthly output. Figure 1.5 complements Table 2.4.2 by illustrating the relationship

between industry capacity and monthly output.

1.5 Reduced-form Evidence on Entry

The first step in the analysis explores the relationship between cartel episodes and the entry and
exit of plants. Extensive narrative historical evidence documents a relationship between cartels
and entry in this industry. For instance, the testimony of H.H. Gibbs, cited earlier, includes the

following exchange:??

—Now you said, with respect to your nitrate of soda, that it is a bit of a monopoly?

21For the estimation of capacity, we did not consider observations from the year 1896, since the rules of the Third
Cartel induced abnormal levels of output in that year.
22Gold and Silver Commission (1887, p. 157).
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Figure 1.4: New Plants per Year

o

8 8 8
6
5
4 4
3 3
2 I | I 2
. I ] I
83 84 85 87 88 89 92 91 93 94 95 9% 97 98 99 01 02 03 04 05 06 07 08 09 10 1" 12 13
CartellCompetition

Notes: Number of nitrate plants that started operating each year. Competition (cartel) years are shown in black
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—A monopoly of the province, you may say the whole of that part of Chili. Well, the

effect of this stimulus given to that production is that a multitude of producers turn

up.

Table 1.6 summarizes entry and exit patterns for the industry between 1885 and 1914, and
shows that cartel periods are associated with a significant increase in the entry of new plants. The
dependent variable in these regressions is the number of entering and exiting plants per period.
We identify the entry date of each plant as the first month in which it had a positive output (the
yearly entry of plants is summarized in Figure 1.4). Observations have been grouped in periods of
6 months, which are then classified as competitive or cartel periods.

The results in columns 1 and 2 of Table 1.6 suggest that even after controlling for contempo-
raneous nitrate price level, cartels have a significant effect on the entry of new plants,?? and this
effect has a large magnitude with respect to industry size. In a specification that uses a dummy to
account for all cartels together, the effect is roughly 2 new plants per year. On the other hand, in

a specification considering only the Fourth and Fifth Cartels (which are the focus of our analysis),

23For a visual illustration, see Figure 1.4.1 in Appendix 1.4.
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Table 1.6: Entry Regressions

Dependent variable:

Entrants per period

(1) (2)

Cartel 1.069**
(0.516)
Cartels 4th & 5th 2.212%**
(0.591)
log(Price) 7.079*** 6.437***
(2.211) (2.026)
Time 0.002 -0.019
(0.016) (0.015)
Constant -13.863***  -11.809***
(4.800) (4.339)
Observations 60 60
R2 0.228 0.328
Adjusted R? 0.186 0.292

Notes: Robust standard errors in parenthe-
ses. Periods correspond to 6 months. Cartel
takes the value 1 if any cartel was active and
0 otherwise. Cartels 4th € 5th takes the value
1 if Fourth or Fifth Cartels were active and 0
otherwise. Price is contemporaneous nitrate
of soda price in UK. *p < 0.1; **p < 0.05;
***p < 0.01.

the magnitude increases further to more than 4 plants per year.

Exit patterns in our data are observed with more noise than entry patterns because of the
presence of a large number of shutdowns. Particularly, it is likely that what we observe as exits in
the data, near the end of our database, were instead originally intended to be temporary shutdowns
that became permanent after the start of World War One. The main factor that explains observed
plant exits in this industry is obsolescence. For example, approximately 30% of all exiting plants
are units that were never updated to the Shanks refining method.?

Identification of the effect of cartels on entry relies on the fact that the competitive regime of
the industry was public, and that both the competitive regime of the industry and nitrate price
were exogenous from the point of view of a potential entrant. The competitive regime of the in-

dustry was exogenous because, if the current competitive regime was collusion, cartel rules implied

24This refining method was the industry standard during the Nitrate Age, and was introduced only a few years
before the start of our dataset.

18



that entry would be accommodated and the new producers incorporated into the cartel.?® On the
other hand, if the current competitive regime was competition, forming a new cartel required the
approval of a large majority of producers. Since market shares in the industry were very low, it
was highly improbable that the entry of a single new producer would affect the existence of such a
majority. Thus, potential entrants knew that their individual entry decision was unlikely to affect
the collective decision about the industry’s competitive regime. Nitrate price was exogenous given
the extremely low concentration of the nitrate industry, which meant that firms had a behavior con-
sistent with perfect competition. Finally, the competitive regime was public since cartel contracts,
once signed, were public and had a known fixed term.

The previous argument does not imply that incumbent producers were unaware of the fact that
the existence of a cartel changed entry patterns. For instance, during the failed negotiations to

form a cartel in 1909, the manager of the NPA stated:2%

Regarding the reduction of the [cartel] duration from 5 to 3 years, it is true that with
a b years [contract] there is the risk that new plants will be built, since it offers a wider
base for the investment of capitals ...On the other hand, a 3 year [contract] generates
another challenge, which is that one year before that period is completed the market
becomes unstable, due to the uncertainty about whether a new collusive contract will

be signed or not.

The nitrate industry had low barriers to entry.?” To install a new nitrate firm, an entrepreneur
needed two things: to obtain the rights to nitrate-bearing land and to install a refining facility.
With respect to the refining facility, all new nitrate plants in the Nitrate Age used the Shanks
Method, which was not patent protected.

Nitrate rights in private hands was abundant. An official report of the Nitrate Agency estimated
in 1908 that nitrate reserves owned by private producers were more than three times larger than
the total industry output in its first century.?® Ownership of nitrate lands was very atomized,

which made it impossible for incumbent producers to prevent entry by restricting access to nitrate

25For an example of a cartel contract see Appendix ?7.

26NPA (1909), minutes from the meeting on March 23, 1909, p. 3.

2"Low barriers to entry, defined here simply as the fact that any firm willing to pay an entry cost could become
active in the industry.

2Bertrand (1910).
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Figure 1.5: Industry Capacity and Monthly Output
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Notes: Estimated industry capacity (dashed line) and monthly industry output. Capacity computed by adding
estimated individual plant capacity. Individual plant capacity, estimated as the largest observed output in 5-year
intervals (the year 1896 is not considered in computation, due to exceptional output levels caused by Third Cartel
rules). Cartel and War of Pacific periods are shaded. Each cartel’s number by chronological order is written on its
respective period.
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rights.?? H.H. Gibbs stated about the availability of nitrate land: “...the land is of no value at all,
it is prairie value really until you put up a manufactory. Well, the fear of having to invest capital

in that manufactory . ..deters people.”3Y

Contemporaneous narrative evidence shows that nitrate producers would hold on to their nitrate

land, waiting for the right moment to purchase the necessary equipment to start producing:3!

Owners [of nitrate lands] limit themselves to keep their property waiting that more
prosperous years for the industry would allow them to start obtaining commercial profits
from their immobilized capital ... These legitimate aspirations have finally materialized,
sheltered by the prosperity brought to the industry, thanks to the combination formed

by those same owners.

Nitrate land holdings by the Chilean state were even more extensive. By 1925, the Ministry
of Finance claimed that nitrate land owned by the government and still unmeasured, in terms of

surface, was almost five times larger than that already in private hands.??

The Chilean government periodically auctioned nitrate lands in its possession (see Table 1.7).
This could potentially be a threat to our identification, if the entry of new plants was induced by
Chilean government auctions and land auctions coincided with cartel periods. Table 1.7 summarizes
all nitrate land auctions conducted by the Chilean government during the study period. Only 3 out
of 12 auctions occurred during cartels. Moreover, the amount of nitrate content transferred in those
auctions was equivalent to only 6% of the reserves already in private hands (Semper et al., 1908).33
In addition, the auctions in the period 1894-95 (competition years) were the only ones directly
motivated by a desire to induce entry (Brown, 1963). Finally, from a directory that encompasses
all Chilean nitrate firms in 1907 (Nitrate Credit Association, 1909), we know that out of 28 new

plants built by these firms, only one can be traced directly to a recent land auction.

29Patterns of nitrate land ownership across different districts are explained in Appendix 1.A.

30Gold and Silver Commission (1887, p. 157).

3INPA Quarterly Circular, Number 27, April 21, 1902, p. 4.

32Detailed statistics can be seen in Table 1.A.2 of Appendix 1.A. Estimation based on the minimum nitrate content
required by the Shanks refining method, which was 12%.

33Estimation in the Nitrate Agency’s annual report for 1900, p. 53. This annual report has yet to be obtained by
us.
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Table 1.7: Summary of Nitrate Land Auctions

Year Auction no. Competitive regime Nitrate reserves (tons) Price (£/ton)
1882 First Competition 30,144,060 0.21
1894 Second & Third Competition 43,640,414 0.24
1895 Fourth Competition 5,000,000 0.20
1897 Fifth Cartel 1,842,000 0.16
1901 Sixth Cartel 11,144,368 0.17
1903 Seventh Cartel 12,559,413 0.25
1912 Eighth Competition 8,203,185 0.50
1917 Ninth Competition 27,686,184 0.19
1917 Tenth Competition 30,786,675 0.33
1918 Eleventh Competition 6,668,953 0.23
1924 Twelfth Competition 38,046,630 0.36

Sources: Chilean Ministry of Finance (1925), p. 53.

1.6 Productivity Estimation and Dispersion

Using our detailed output and input plant-level database, we estimate the productivity of each plant in the
industry. The estimated productivity distribution exhibits a large cross-sectional dispersion. We also show
that plants that entered the industry during cartels had significantly lower productivity.

The production of nitrate consisted of two distinct main stages: extraction and refining. The extraction

1,34 which would later be refined into nitrate of

stage was the labor-intensive process by which the raw materia
soda, was extracted from the desert soil and transported to the nitrate plant’s refining facility. The refining
stage refers to the leaching process by which the nitrate of soda was separated from the other materials
present in the raw material, such as diverse salts and sulfites.

In line with the previous description, we model the overall production process using a Leontief production
function. At the same time, each of the main stages of production is separately assumed to follow a Cobb-
Douglas production function. In the extraction stage, the relevant inputs are workers and animals used to
transport the raw material. Meanwhile, on the refining stage, the relevant input is the energy used to heat
the raw material during the leaching process. Finally, since most of the energy used in the extraction stage

corresponds to animal traction, and the refining stage was energy intensive, it is realistic to assume that the

observed energy input was only used in the refining stage. For plant ¢ in period ¢, its output will be given by

— mi a AB Ly nat
qit = min{¢; L5 Ajieit, 067 Ejieait} (1.1)
—_———— ———
extraction refining
stage stage

34Raw material was denominated “caliche” in Spanish.
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where ¢;; is nitrate output, ¢; is a time-invariant TFP term, A;; are animals, L;; are workers, and C;; are
energy (coal) units. In addition, § is a common scaling factor and €;;; are lognormal iid shocks to output with
zero mean. Similarly, k;; corresponds to the maximum refining capacity of the plant, which is unobserved
but which we can infer from the monthly output data. Notice that we observe the output of nitrate plants
in physical units (tons), not in sales.

The term ¢; is present in both stages of the production process. Intuitively, ¢; is related to the geological
properties of the raw material; in particular, to its nitrate grade, which should affect both stages of the
production process. To illustrate, suppose one plant has a value of ¢ that is twice as large as that of a second
plant. Then, the first (high-productivity plant), to produce each unit of final product, will have to extract,
transport, and apply the leaching process to only half as much raw material as the second (low-productivity)
plant.

During the period studied there was no significant technological change, since the Shanks method to
leach nitrate, introduced in the late 1870s, remained the industry standard until the 1920s. Moreover, all
new plants built during the Nitrate Age were based on this technology. At the same time, the extraction
stage did not experience significant improvements (Reyes, 1994).3%

There is ample evidence that costs—and therefore productivity—were heterogeneous across nitrate
plants. The main driver of productivity differences, as the technology used by all firms was the same,
was the geological characteristics of the nitrate-bearing grounds where each plant was located. Contempo-
raneous sources support this claim; for instance, Semper et al. (1908) state, “the cost of production varies
widely depending on numerous factors. Mainly the nitrate grade, the hardness, and the specific type of raw
material.”36
We estimate the parameters of equation 1.1 in two steps. Our main dataset includes workers, animals,

and nitrate output for all plants. In the first step, we use these variables to estimate the parameters from

the extraction stage. We will take the following expression in log-form to the data:

log(git) = log(¢;) + alog(Ly) + Blog(Asi) + log(e1st). (1.2)

In the second step, we use the productivity estimated in the first step as an input to estimate the
parameters in the refining stage, using the subsample of observations that include the energy variable, which

corresponds to approximately 15% of the observations in the full sample.

35In particular, mechanization of the extraction stage would only occur in the 1920s, with introduction of the
Guggenheim method of production.
36Semper et al. (1908, p. 71).
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1.6.1 Extraction-stage Estimates

To obtain consistent estimators in the first step, we must address two potential main concerns: simultaneity
and selection. Simultaneity arises if the productivity shock e1;; is observed by the firm before it makes
its input decisions. Selection refers to the fact that plants choose whether to operate or not, causing the
observed set of active plants to be not a random sample from the population of plants.

Notice that for simultaneity to be a problem after including fixed effects in the extraction stage, firms
should be able to predict the sign and direction of the deviations from the mean and then be able to adjust
the number of workers and animals accordingly.

We believe that simultaneity in this particular case is not an issue for two reasons. First, there is evidence
that productivity shocks were hard to predict. Second, it was hard for firms to adjust their relevant inputs
to short-term productivity shocks. In the nitrate industry, shocks to productivity correspond to deviations
from the plant mean level in raw material quality.

First, because of the nature of the technology and the production process, it is unlikely that firms were
able to predict deviations from mean productivity before the end of the leaching process. Historical evidence
supporting this claim is found in the Antofagasta Company archives,” particularly in the periodic reports
sent by plant managers to central headquarters. In February 1892, for example, the manager states that “last
month production was only 45,890 quintals . .. the result is unsatisfactory ... The first days of the month were
very productive and we expected to reach a production of 55,000 quintals, but then [productivity] diminished
because of the presence of sulfate and boric acid . . . which prevented the cristalization of nitrate.”3® Similarly,
in May 1893, the plant manager reports that “output in April was only 42,300 quintals. This reduced amount
was due to the small number of leaching tanks [available], and the poor quality of the raw material whose
high concentration of sodium sulfate forced us to repeat the crystallization process.”3"

Second, nitrate firms faced severe frictions in the input markets for workers and animals, which makes
it less likely that they adjusted their level of inputs as a function of monthly productivity shocks even if
they were able to perceive them. Since the industry was located in a previously uninhabited desert, mules
had to be imported from Argentina and workers had to be brought from other regions of Chile or Bolivia.
The industry suffered periodic labor shortages, which motivated the NPA to organize joint labor recruitment
efforts in Central and Southern Chile. The reports of the Antofagasta Company manager illustrate the great

lengths companies had to go to recruit labor:*%

By telegram, I was informed 247 males, 128 women, and 30 children embarked in [the province

3"This company was one of the largest in the industry, and company archives are preserved in the Historical
National Archives of Chile.

38Report number 87, February 2, 1892, p. 4.

39Report number 224, May 2, 1893, p. 1.

1OReport number 225, May 5, 1893, p. 1.
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Figure 1.6: Plants in Shutdown
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Notes: Plants in shutdown are defined as plants with zero observed current output and that have at least one positive
output period later in time. Cartel and War of Pacific periods are shaded. Each cartel’s number by chronological
order is written on its respective period.

Source: Authors’ calculations based on official publications.

of] Coquimbo bound to Pampa Central [plant].

To ensure the success of this important recruitment effort I took the following measures: The
railroad will have a special service on Sunday, day of their arrival, waiting on the docks ...Five
boats will be ready to transport them to the company warehouse, . ..and the Governor will send

all available police to prevent any contact with locals.

The selection problem arises in this case because there is censoring on the observed distribution of
active plants. In the particular case of the nitrate industry, this problem would arise because of the large
number of shutdown plants we observe in the data (see Figure 1.6).*! Intuitively, plants that have already
invested in accumulating workers and animals may decide to remain in operation, even if they have a lower
productivity than a second plant that had not made those investments in the past, which introduces a bias
in our estimates. To address this issue, we use the method proposed by Olly and Pakes (1996), who use a
control function approach.

In this case, we augment equation 1.5 by adding a nonparametric function A(-) of the propensity score
of shutdown to control for the differential probabilities a plant had of being active given its observables.

Intuitively, under mild conditions, there is a one-to-one relationship between the true selection function

Interestingly, shutdowns are far more numerous than exiting plants; see Figure 1.4.2 in Appendix 1.4.
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Table 1.8: Production Function Extraction-stage

Dependent variable:

log(Nitrate output)

(1) (2) (3)

log(Workers) 1.086***  0.521***  (0.529***
(0.041) (0.040) (0.029)
log(Animals) 0.273**  0.198**  0.186***
(0.050)  (0.038)  (0.018)
Fixed effects No Yes Yes
Adjusted Selection No No Yes
Observations 10,782 10,782 8,608
R? 0.483 0.671 0.995
Adjusted R? 0.482 0.667 0.995

Notes: Robust standard errors in parentheses. Obser-
vations are plant-months. Nitrate output measured in
tons. *p < 0.1; **p < 0.05; ***p < 0.01.

that generates the censoring and the propensity score. The new expression that will be taken to the data

corresponds to

log(git) = log(¢:) + - log(Lst) + B - log(As) + A(Vie) + €14t (1.3)

where v;; corresponds to the propensity score of oficina ¢ to shutdown in period ¢, and the polynomial A(-)
used has four degrees of freedom and was chosen according to the BIC criteria.

The propensity score is computed using a logit regression, where the dependent variable was the shutdown
choice of the firm and the independent variables are their lagged input values.*> To compute the propensity
score, several additional operations were done on the original dataset.*3

Results from the estimation of plant-level productivity are summarized in Table 1.8. We restricted the
estimation to plants for which we have at least 10 observations with positive nitrate output. Figure 1.4.3
and Table 1.9 summarize the estimated distribution of productivity, which has a dispersion, measured by
the TFP 90-10 ratio, of 2.67. This value is on the same order of magnitude of the average 90-10 TFP ratio
in the U.S. manufacturing sector of 1.92 (Syverson, 2004).

Since we require at least 10 data points, we do not estimate the productivity of all plants that entered

“2Estimation results are shown in Table 1.C.1 in Appendix 1.C.

43Pirst, we removed observations in which a plant was not active, but we know from the comments on the records
that the shutdown was because of force majeure. Examples include “cauldrons being repaired,” “leaching tanks
being repaired,” and “assembling refining facility.” Second, we remove observations in which there was a comment
explaining the plant was only performing extraction. Third, we remove observations from periods in which exceptional
circumstances may have induced additional shutdowns. These are the Chilean Civil War of 1891 and the Second
Cartel, which restricted output by capping the fraction of the year a plant could produce nitrate.
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Table 1.9: Summary Statis-
tics: Plant Productivity

Statistic =~ Productivity

N 148
Mean 44.4
St. Dev. 15.6
Min 10.2
Pctl(25) 33.7
Pctl(75) 53.7
Max 97.1

Figure 1.7: Estimated Distribution of Plant Productivity
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3
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Plants
Notes: Each bar represents the estimated productivity of a nitrate plants (N=148). Values ordered in descending

order.
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Table 1.10: Effect of Cartels on Productivity of

Entrants
Dependent variable:
Productivity
(1) (2)
Cartel —10.630***
(3.575)
Cartels 4th & 5th —13.365**
(5.705)
log(Price) —28.425**  —27.386**
(13.830) (13.110)
Time 0.490*** 0.924***
(0.158) (0.292)
Constant 108.835*** 97.738***
(30.260) (29.631)
Observations 108 108
R? 0.154 0.122
Adjusted R? 0.130 0.097

Notes: Robust standard errors in parenthe-
ses. Observations are individual plants at mo-
ment of entry. Dependent variable is estimated
plant-level productivity. Cartel takes the value
1 if any cartel was active and 0 otherwise.
Cartels 4th & 5th takes the value 1 if Fourth
or Fifth Cartels were active and 0 otherwise.
Price is contemporaneous nitrate of soda price
in UK. "p < 0.1; **p < 0.05; ***p < 0.01.

the industry in the period before World War One. In particular, of the 71 plants that started operating
during the Fourth and Fifth Cartels, we are able to estimate the productivity of only 48 (slightly less than
70% of the total). However, since the probability of shutdown is negatively correlated to productivity, the

set of plants without a productivity estimate is a negatively selected sample of the population.

1.6.2 Analysis of the Productivity Distribution

An additional question we can explore using the obtained distribution of productivity is whether cartels
negatively affected the “quality” of the entrants. Intuitively, as nitrate cartels generated artificially high
prices for an ex ante known period of time, some low-productivity plants, which would have not entered in
a competitive environment, could have decided otherwise. Table 1.10 shows that cartels had a significantly
negative effect on the productivity of new plants, even when we control for the contemporaneous nitrate
price level.

Furthermore, the distribution of entrants during cartels was different than the distribution of entrants
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Figure 1.8: Productivity vs Period of Entry
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Notes: Each bar represents the mean productivity of entrants by period. Standard errors shown over the bars. Cartel
(competition) periods are shown in darkest (lightest) shade.

Figure 1.9: Productivity Distributions of Entrants
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Notes: Productivity distribution of entrants during competition periods (lighter shade) and cartel periods (darker
shade).
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during competition (see Figure 1.9). A Chi-square test of the homogeneity of the distributions rejects that
both distributions are the same, at levels of significance of less than 1% or 2.6%, depending on the number
of categorical intervals used to split the sample.**

The difference in productivity is significant. The median-size plant in the industry would enjoy an
additional monthly gross revenue of approximately $410,000 (in current dollars) if it went from the mean

productivity of an entrant during a cartel to the mean productivity of an entrant during competition.

1.6.3 Refining-stage Estimates

Lastly, using the productivity estimates from the extraction-stage, we estimate the parameters for the
refining-stage production function. The original production function equation for this stage, in logs, is

given by

log(qit) = log(0) + 6 - log(ds) + v - log(Eir) + log(e2it) (1.4)

Since we do not directly observe plant s productivity term, ¢;, we use the estimated value obtained

for the extraction stage. Thus, the equation we estimate is

log(qit) = log(0) + & - log(¢;) + 7 - log(Ejr) + log(e2it), (1.5)

where (ﬁz corresponds to the estimated productivity in the extraction stage.

An additional challenge in this case is that the Nitrate Agency’s inputs data only contain energy (specif-
ically, coal) for a subsample of the observations. Thus, we assume that the relationship between coal and
nitrate output in observed plants and periods is representative of the full population.

Table 1.11 shows the results of the production function estimation. Notice that the parameter associated

with log(¢), 6, is highly significant and close to one.*®

1.7 Plant Entry Decision

In this section, we develop a simple entry model for potential entrants in the industry. We then separately
estimate its building blocks: the determinants of the plants’ output decision, the probabilities that ruled the
transition across state variables (price level and competitive regimes), and the total cost function. Later,

these pieces are combined to compute continuation values for potential entrants in the industry.

“Estimation details can be found in Table 1.C.2 in Appendix 1.C.
%°In addition, Figure 1.4.5 of Appendix 1.4 displays the relationship between energy (coal) and nitrate output.
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1.7.1 Model of Entry

Table 1.11: Refining-stage Production Func-

tion
Dependent variable:
Nitrate Output
log(Coal) 0.643***
(0.053)
log (Productivity) 0.956***
(0.076)
Constant 0.153
(0.161)
Observations 2,326
R? 0.641
Adjusted R2 0.641

Notes: Robust standard errors in paren-
theses. Observations are plant-months.
Nitrate output and coal measured in tons.
*p < 0.1; "*p < 0.05; ***p < 0.01.

The main elements of our entry model are described next.

Time: Time is discrete and infinite. Periods consist of 6 months and are indexed by ¢ € {1,...,+o0}.
Entry takes one period.

Plants: There is a set I = {1,..., N7} of potential plants in the industry, which are owned by a set
F =1{0,...,Np} of existing firms. We consider the entry problem of each plant independently (hence, we

abstain from considering potential cost synergies across plants), so each plant is effectively treated as an

independent firm.

Plants are characterized by a vector of characteristics. Thus Plant 4 in time ¢ is described by character-

istics

where ¢; € R is a constant productivity term and k;; € RT is the maximum refining capacity of the plant.

Tit = (¢z‘, kit) ,

We consider k;; to be an exogenous characteristic of the plants for now.

State space: Market conditions at any period ¢ are summarized by a vector of state variables ¢, € ¥,

where 1 = (p¢, ).

o pt € {p1,p2,P3,P4,p5} is the price of nitrate of soda in Chile. We discretize the space of prices into

five intervals py, according to the empirically observed frequency of prices.

* ¢ € {007017027037"

.,C10} is the current competitive regime of the industry. State ¢y corresponds
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to free competition, while states {ci,...,c;0} are cartel states. Specifically, for cartel states, their
index corresponds to the number of remaining periods in collusion, as established in the current cartel
contract. For instance, c3 means that after the current period concludes, there will be two more cartel

periods before competition resumes.

Plant entry decision: Current period profits for plant i of type 7;; are given by

7(pe, Gits Tit) = Pt - @it — TCi(qit)

where p; is the price in Chile, ¢;; is plant’s i output, and T'C;(g;) is the production cost. Notice that 7

implicitly affects ¢;; and T'C;(-) through the productivity term ¢;.

Thus, a potential entrant of type 7;; faces at time 0 the following problem,

o0
max Ev | > B'7(pe, Gits Tit) ey | =B FC (ki) ¢ , (1.6)
0 t=0

V(Tit,t)

where t( is the period the firm enters; FC(-) is a sunk cost of entry that increases on plant size and is
independent of market conditions; 3 is the discount factor; and 1, is an indicator function that takes value

of 1iif ¢t > t,.

Our main challenge consists in estimating the entry value V' (7;:,:), in order to evaluate counterfactual
levels of entry in a case without cartels. In the next subsections, we detail the process of estimation by
first explaining the estimation of revenue components and later the estimation of the cost function. Finally,
since the nitrate industry eventually declined due to the invention of a technological substitute, a potential
concern regarding our general approach is that potential entrants may have internalized in their entry
decision the probability that synthetic nitrate would be invented at some point in the future. However,
evidence from contemporaneous sources suggest that the invention of synthetic nitrate came as a surprise to
nitrate producers. For instance, the following commentary was included in NPA’s Quarterly Circular in 1904:
“Happily for country and industry, there is no close danger and, even as chemists and men of science work
tirelessly, it is impossible to foresee a time when nitrate has been dislodged, given the economic conditions

of its production, which seldom could be matched by a different industry.”*6

46NPA Quarterly Circular, Number 34, May 31, 1904, p. 10.
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1.7.2 Revenue estimation

Output Determination Function

The main difficulty in the estimation of revenue is characterizing the output decisions of plants as a function
of own-characteristics and market conditions. That is, we look to estimate, for each plant i, a function of

the state variables, q; : ¢ = (¢,p) — RT.

Table 1.12: Determinants of Monthly Plant Out-

put
Dependent variable:
log(Nitrate Output)

log(Price) —1.174%**
(0.065)

Age —0.020***
(0.001)

Productivity 0.031%**
(0.0003)

Cartel —0.059***
(0.011)

Number Active Plants —0.006
(0.005)

Time 0.025***
(0.002)

Constant 8.176%**
(0.133)

Observations 21,197

R? 0.390

Adjusted R? 0.390

Notes: Robust standard errors in parenthe-
ses. Dependent variable is plant-month output.
Cartel takes the value 1 if any cartel was active
and 0 otherwise. Age is the number of peri-
ods since start of operations. Number of Ac-
tive Plants is the number of active plants, ex-
pressed in tens. Price is contemporaneous ni-
trate of soda price in UK. *p < 0.1; **p < 0.05;
***p < 0.01.

Notice that in the specification, we have not included any terms related to a potential strategic interaction
across plants. In fact, although the operation of the nitrate market closely resembled a Cournot model, the
low levels of concentration in practice caused firms to behave as in a perfectly competitive environment.
Evidence supporting this statement is found in Table 1.12, in which we regressed monthly nitrate output for
all plants in our dataset with respect to several potential explanatory variables. In particular, the number of

plants active in the industry is not significant. Figure 1.10 further illustrates the lack of correlation between
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Figure 1.10: Average Output by Productivity Type and Number of Plants
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Notes: Vertical axis on the left is in tons and corresponds to monthly average plant-level output, which is indicated
for each productivity type by a solid line. Horizontal axis is time in years from the beginning of our data set in
1883. Vertical axis on the right is the number of active plants in the industry, and is indicated by the dashed black
line. Productivity types are described below the horizontal axis, with ®1 being the lowest and ®5 being the highest
productivity type.

number of plants and nitrate output.*”

To estimate the output function, we use our main dataset in a two-step approach. First, for all points
in the state space 1 such that we have 10 or more observations per plant, we use the average of these
observations as our estimate of ¢;(1). Second, we discretize the space of plant types 7 by creating 15 cells of
plants grouped according to their productivity level (5 groups) and their effective size (3 groups for each of
the productivity groups).#® The identifying assumption is that plants within the same cell should be similar
enough to have similar levels of output conditional on specific values of ¢ and that, by law of large numbers,
deviations from the mean level of output of each cell should cancel out.

Finally, prices in Chile are directly observed from 1893 onward. We use UK prices to complete the series
of prices FOB for previous dates, taking advantage of the fact that the difference between Chile nitrate prices

and UK nitrate prices was extremely stable across the years.4?

4TIn addition, we test whether it is necessary to control for seasonality. Figure 1.4.8 in Appendix 1.4 shows that
nitrate output tended to be evenly distributed across the year, and hence we do not need to consider seasonality in
our estimation.

48Computed as their mean effective output when active, once they had been already sorted by productivity. The
discretization is shown in Tables 1.3.12 and 1.3.13 of Appendix 1.C.

49Gee Figure 1.B.3 in Appendix 1.4 and Table 1.C.3 in Appendix 1.C for more details.
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Transition Matrix across State Variables

We construct a transition matrix that summarizes the empirical transition probabilities across state variables
observed in the data. We assume that transitions across state variables were exogenous from the point of
view of each firm. We believe these assumptions are not very strong: With respect to nitrate price, as we
explained in a previous section, the industry can be described as perfectly competitive. Meanwhile, regarding
the competitive state of the industry, cartel rules for both the formation and dissolution of cartels did not

depend on the choices of any individual firm.%%

The procedure to compute the empirical transition probabilities consists of several steps. First, we use
the discretization of the price and competition state variables to label each period t according its observed
state variables (ct,p:). Second, we count the number of periods each possible combination of states variables
was observed. Hence, we denote as n(g p) the number of periods where the competition state was cx and
the price state was pp. Third, we count the number of transitions we observe from each combination of state
variables (ct,p;) to every possible other combination of state variables. We denote as nEK pIL) the number of
transitions we observe from competition state cx and price state pp to competition state cy. Analogously,
nz(7 KD|G) corresponds to the number of transitions from the same combination of state variables to price state
pg. Finally, mf{’ KLID} is defined as the conditional probability of transition in one period from (¢; = ¢k,

pt = pp) to pry1 = pa. This value is computed using the formula

nC
c (KD|L)
m = 1.7
{KD|L} K D) (1.7)
similarly, m? KLIG} is computed as

p

n
mP = (KiD‘G). 1.8
(DIGY T T (1.8)

In the case of competition states, we also assume that cartels had the same effect on the transition

probabilities of the price state variable p;, independent of the remaining duration of the cartel. That is

m;l{FKch} = m?LD\G} , Vi{ek,cr} €{c1,...,ci0}

Also, notice that transitions across competition states that correspond to cartel (that is, competition
states, ¢; € {c1,...,c10}) are trivial, since with probability equal to one, the next competition state will

be equal to the current minus one (meaning that the cartel has one period fewer left before its contract

59Forming a cartel required the agreement of a set of producers equivalent to at least 95% of market shares, while
dissolving a cartel required a majority of 65% of market shares.
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expires).®!

1.7.3 Cost Function Estimation

To estimate the total cost function of nitrate firms, we complement the production function estimates,
which were the focus of the last section, with additional contemporaneous measures of costs, summarized in
contemporaneous technical sources. The total cost expression we use, divided into its components, can be

written as

TCi(git) = ECi(git) + RCi(qit) + GCair) + PClqir) +O0C(qit), (1.9)
——— —— N—— N—— N—_——
extraction refining tax transportation other
cost cost cost cost cost

where the first two components EC;(-) and RC;(-) correspond to extraction stage and refining stage costs,
respectively. Notice these components are plant specific, since they are directly affected by the plant-specific
productivity term ¢;. On the other hand, the terms GC(-), PC(-), and OC(-) are cost components common
to all plants in the industry. For these components, the approach is simply the use of technical sources that
describe variable costs in the industry, using what is known as the “engineering method.” The main source
in this case is the technical description of the industry provided by Semper et al. (1908).52

One of the data-related challenges for this industry is the relative scarcity of direct sources for input
prices. In our computation, we use the values provided by Semper et al. (1908), who compiled cost statistics
from an extensive field visit to the industry in 1901 and 1902. Additionally, when this source was translated
into Spanish in 1908, the edition was augmented by adding cost data from that date. Hence, we mostly have
cost data without time-series variation, although our main source centers precisely on the period of time

that is our focus of interest.

Extraction-stage Costs

Extraction-stage costs are derived directly from its production function. The cost minimization problem

plant ¢ faces each period, in order to produce an output of at least g, can be written as

{Ll;l;laifglit} EC;i(¢it) = w - Lit + Canim - Ast (1.10)

s.t. qit = qs

51Examples of the transition matrices can be observed in Appendix 1.C. Table ?? shows the transition matrix
for competition states, when p; = p1; Tables 77 and 77 present the transition probabilities for the state variable p;
for cartel and competition periods, respectively. Transition matrices not included in the text are analogous to those
shown.

52For a brief description of the engineering method, see Davis and Garcés (2009, p. 157).
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where w is wages, and capim is the monthly cost per animal in period t.

From that minimization problem, it is easy to obtain the following cost function:

ﬁ B o %‘Fﬁ ;
ECi(q) = q=+7 (;) / ((;) + (g) ) (0" i) 7,

Ci

which can be rewritten (replacing ¢ for ¢;;) as

EC;i(qit) = Piquﬁ, (1.11)

where, p; is a plant-specific cost parameter, w is an industry-wide cost factor, and ¢ = a—iﬂ is an

economy-of-scale parameter.

Refining-stage costs

The estimation of refining-stage costs is done in two steps. Since we do not observe the usage of
energy inputs for the whole sample, in the first step we use the estimated values of the parameters
for the refining-stage production function to estimate the coal consumption of those plants with

missing energy input:

1
N 1 1 ¥
Eit(git) = q; <A> . (1.12)

In the second step, the refining cost RC(-) is estimated using the following relationship:

CeoalBit(qit) if Ej is observed
RCi(qit) = (1.13)

ccoalEit(qit) Jif E;; is not observed |,

where cgo,1 18 the price of coal in Chile.

Tax costs

The Chilean government collected a per unit export tax on nitrate of soda equivalent to approx-
imately 2.54 pounds per ton (roughly, $400 per ton in current dollars). This tax rate remained

constant throughout the Nitrate Age. Thus, the tax cost is computed as
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GCi(qit) = Tqit, (1.14)

where T is the nitrate tax rate.

Transportation and other costs

The final two components of the total cost function are the expenses necessary to the commercial-
ization of nitrate that were incurred after production had concluded. Parameters for these costs
were obtained from Semper et al. (1908), and when a range was provided, we use the inferior value
in the interval.

First, there were costs associated with the packaging and transportation of nitrate to the port
(where it was sold to nitrate traders). These costs include the cost of the sacks used to transport

nitrate, cpack; the railroad cost to the port, cpaj; and port costs, cport:

PC’L (Qit) = Cpackit + CportQit + CrailQit (115)

Second, there are others costs, which include plant administration costs c,qm and advertising
costs caqy. This last item corresponds to the mandatory contribution the NPA collected from

producers to fund their joint marketing effort in the destination markets:

OC;(¢it) = Cadm@it + Cadvit- (1.16)

Total Costs

Putting all of the cost components together, we obtain the final expression we take to the data:

— {0 [
Tci(Qit) = piwgq; + CcoalEit(Qit) + T'qis + qit (Cpack + Cport + Crail) + qit (Cadm + Cadv) . (117)
—— ———— =~
extraction refining tax transportation other
cost cost cost cost cost

Table 1.11 presents estimated costs for the observations in our sample, with plants grouped

for illustrative purposes according to their productivity in three groups (low, medium, and high
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Figure 1.11: Total Costs by Productivity Type
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Notes: Vertical axis is total estimated cost in pounds sterling in 1900. Horizontal axis is nitrate output expressed
in tons. Each point corresponds to a plant-month level observation, where coordinates are observed output and

estimated total cost, respectively. Points are colored by productivity type. Productivity types are described below
the horizontal axis.
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Table 1.13: Summary Statistics: Estimated Plant Entry Values

Statistic ~ Discounted value (£!%°)  Discounted value ($2°'%)

N 148 148

Mean 306,598 45,099,752
St. Dev. 362,009 53,250,692
Min -64,879 -9,543,475
Pctl(25) 68,754 10,113,555
Median 165,442 24,336,110
Petl(75) 434,211 63,871,440
Max 1,944,433 286,021,351

Notes: Observations are plants. In the second column, figures presented in
contemporaneous pounds sterling. In the third column, figures presented
in current dollars. See main body of the text for detailed explanation of
the estimation procedure.

productivity).

1.7.4 Entry Values Results

The three building blocks described in the previous subsections are combined to compute the entry
values of the plants observed as entrants in the data as a function of the state variables. The entry

value of each plant is separately estimated using value function iteration.

Figure 1.12 shows an example of the resulting estimated values, as a function of both ¢; and p;.
Plant values increase together with the competition state ¢; and, conditioning on ¢, plant values
are also increasing in p;. These basic patterns are observed in the whole cross-section of estimated
plant values. Moreover, plant values increase together with the TFP term ¢;.

Table 1.13 presents summary statistics for the estimated plant values, both in contemporaneous
currency (£1990) and present-day currency ($2°18)%3. The median (mean) plant in the industry had
a value in present dollars of approximately 25m (45m).5*

There is highly significant dispersion in plant values, as exemplified by the fact that the standard
deviation is larger than the mean plant value. Graphically, the cross-sectional dispersion of values

can be seen in Figure 1.13, which shows plant values arranged by date of entry.

53Parameters used to do the conversion are found in Table 1.3.11.
54Estimated monthly profits, grouped by productivity groups, are shown in Figure 1.4.7 of Appendix 1.4.
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Figure 1.12: Estimated Entry Values Pefia Chica plant
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is competitive regime and is increasing from left to right: c¢o corresponds to competition, while the index of other
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Figure 1.13: Estimated Plant Entry Values
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Table 1.14: Demand Elasticity Estimation

Dependent variable:

log(Nitrate Output)

log(Price)

OLS v First stage
(1) (2) (3)
log(Price) —0.445* —0.328**
(0.231) (0.166)
log(Price Last Year) 0.649***
(0.072)
Time 0.061*** 0.060*** 0.006***
(0.005) (0.004) (0.002)
Cartel —0.185***  —0.194*** 0.058*
(0.048) (0.054) (0.035)
Constant 13.945***  13.753*** 0.522%**
(0.354) (0.268) (0.139)
Observations 31 31 31
R? 0.933 0.932 0.709
Adjusted R2 0.926 0.925 0.677
F Statistic (df = 3; 27)  126.159*** 21.975***

Notes: Robust standard errors in parentheses. Periods are years.
Dependent variable in OLS and IV columns is log of industry out-
put in tons. Dependent variable in First state column is contempo-
raneous UK nitrate price. Variable Cartel takes value 1 if a cartel

was active. Prices correspond to mean period price.

1.7.5 Demand elasticity estimation

Using our data on prices and aggregate industry output, we estimate the demand elasticity for
nitrate of soda, which we will use to perform counterfactual simulations.

To deal with the endogeneity of observed prices caused by the simultaneity problem, we use
the lagged price of nitrate as an instrument. Our choice of this instrument is based on the specific
characteristics of the nitrate market described in Section 2 and summarized in Figure 2.2.2: Demand
shocks are realized once per year (in a few months of very heavy consumption); shocks can’t
be anticipated by producers, since they are caused by weather conditions iid across years; and
consumption markets are too distant for producers to be able to react to contemporaneous demand
shocks.

These facts, put together, mean that nitrate firms made a yearly output-level decision influenced
by the market conditions at the end of the last consumption cycle. Since demand shocks to current

year’s price will be determined by current year’s weather shocks, this instrument should provide
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supply variation independent of contemporaneous demand shocks.

Contemporaneous discussions among producers support the mechanism proposed: “Given the
news received about small existing stocks in Europe in the last few months, which created fears of
reduction in consumption due to lack of supply ...a majority of the board agreed upon requesting
the assembly of producers to change the [aggregate] quota to 33,000,000 quintals.”®

Table 1.14 shows the results obtained by using a simple OLS and implementing our IV strategy.
Results show that nitrate of soda had a price demand elasticity of —0.33.

A potential issue regarding this instrument could be present if there is temporal interdependence
in the consumption of nitrate—that is, if farmers could strategically postpone or move forward their

consumption of nitrate given current prices and the content of nitrogen present in their fields.

1.7.6 Entry Costs

There are two main costs to enter the industry: the cost of acquiring nitrate land and the capital
cost of installing a refining facility. The parameters used to estimate the entry cost of each plant

are taken from Semper et al. (1908):

FC(kiy) = KC(ky) + LC(kz) (1.18)
—— ——— N —

entry capital land

costs costs costs

FC(-) can be written as a function only of k;; under an assumption that there is a function that
maps refining capacity to nitrate reserves R(-) or, equivalently, that the amount of nitrate reserves
available in the nitrate property land uniquely determined the capacity of the refining facility.

Narrative evidence suggests that the cost of nitrate land was moderate, highly variable, and
increasing with time. This is consistent with a complex history of nitrate ownership rights and a
large aggregate supply of nitrate-rich land. For our estimations, we use the minimum value of the
range provided for nitrate land costs during the early years of the Fourth Cartel (denoted as ¢;).

It is worth noting that when nitrate land was traded, its aggregate nitrate content would be
measured; hence the cost of land corresponds to a price per unit of reserves.

We do not directly observe reserves, so they are estimated by adding up the nitrate output

55NPA Quarterly Circular, Number 31, July 28, 1903, p. 17.
56Parameters are summarized in Table 1.3.10 of Appendix 1.C. It is worth mentioning that this source was written
as a technical report requested by potential German investors to assess the industry’s profitability.
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observed in each plant. However, since the industry experienced an abrupt collapse, the amount
of time we see in operation plants that entered near the end of our dataset is censored. To correct
for this, we assume that each plant had reserves to operate at its mean output level for 20 years
before being depleted, and apply this correction to obtain a value R(k:zt) Hence, we compute land

costs using

LC(kzt) =C]- R(k}zt) (1.19)

Regarding capital costs, Semper et al. (1908) describe a concave cost function for the capital
costs that is supported with detailed itemized budgets for a plant installation. When this source
was published in Spanish in 1908, the translators added an updated estimation for the capital costs
of installation.?” We assume a linear progression on time between our two cost estimates. Equation

1.20 shows the base formula used to compute capital costs, as a function of refining capacity:

k1 - kit ,if kir < 100,000
KC(kit) = {100,000 - ¢y + (kir — 100,000) - e , if 100,000 < &;; < 150,000  (1.20)

100,000 - cx1 + 50,000 - cxo + (ki — 150,000) - e, if kip > 150,000

1.8 Counterfactual Analysis

We use the estimates obtained in the previous sections to implement two counterfactual scenarios.
In the first, we compute counterfactual cartel profits under an assumption that incumbent cartel
members were able to restrict entry for the duration of the Fourth Cartel. In the second, we
estimate counterfactual industry levels of entry under the assumption that instead of the Fourth

and Fifth Cartels, the industry remained under a competitive regime.

®TItemized costs increased by 50% between 1901 and 1908.
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Table 1.15: Counterfactual Fourth Cartel Profits

Case Total Cartel Profits (£1°°0)  Total Cartel Profits ($201%)
Observed 10,175,654 1,496,813,758
Counterfactual 14,166,612 2,083,873,750
Difference (%) -39.2 -39.2

Notes: The second column presents results in contemporaneous pounds sterling. The
third column presents results in current dollars. For a detailed explanation of the com-
putation procedure, see the main body of the text.

1.8.1 Cartel Profits with Barriers to Entry

In this section, we leverage our estimated parameters to compute the negative effect of low barriers
to entry on cartel profits. The previously described low barriers to entry meant that, when a cartel
was formed, producers would incorporate new entrants into the cartel. As a result, market shares
for incumbent producers gradually shrank, eroding their profits as time went by. In this section,
we compute the counterfactual profits incumbent firms would have achieved had they been able to
completely exclude new plants from entering the nitrate industry.

We estimate plant-level profits in a counterfactual case in which cartel members are able to
prevent any entry to the industry, for the case of the Fourth Cartel. This episode of collusion is
especially well suited to explore this question. First, unlike previous cartels, the Fourth Cartel
had both a long cartel duration (5 years) and collusive market shares, determined at the onset of
the cartel, that would remain valid by contract for its entire duration. Second, our productivity
estimates include the almost full population of plants present in the industry at the beginning of
this cartel, meaning that we can accurately estimate aggregate cartel profits in the counterfactual
case.”® In contrast, for the Fifth Cartel (the only collusive episode after the Fourth Cartel), because
less data from that period are available, there is a larger number of plants whose productivity we
are still not able to estimate, which renders our potential estimation of total cartel profits less
precise.

Three assumptions are made to perform the estimation. The first is that both aggregate industry
output and nitrate prices would have been the same in the counterfactual case without entry. This

is, cartel members would have chosen the same aggregate output levels in the absence of entry.

58We have estimates of productivity for plants corresponding to 98.5% of total industry output in the year 1901.
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Narrative sources from the time show that when determining cartel output levels, the main concern
was to match expected consumption growth conditional on current market conditions. Moreover,
individual producers could only directly affect the aggregate output decision after a proposal was
first made by the NPA, based on the expertise of its permanent staff.?® Hence, it is not obvious
how the absence of potential entry would have modified the cartel decision-making process in this
respect. The second assumption is that in the counterfactual case, the observed allocated collusive
market shares would also not have changed, with the implication that we can use the market
shares in the Fourth Cartel contract to construct counterfactual plant-level output levels. A final
assumption is that plants would have had a constant monthly output level (and so we are refraining

from considering, for instance, potential shutdowns).

To estimate counterfactual cartel profits, the procedure consists of two steps. First, using the
already mentioned collusive market shares, we obtain annual output levels for each plant during
the cartel period. Using the third assumption, we transform those into monthly output levels.
Second, using the cost function estimated before, we compute counterfactual monthly costs. Finally,

revenues and costs are discounted and aggregated.

The main results of this section are shown in Tables 1.15 and 1.16. Aggregate cartel profits in
the counterfactual scenario would have been 39.2% larger than they were in the low-barriers-to-
entry case, which translates to approximately $585m of additional profits (in current dollars). This

result is generated by an increase in the median monthly plant-level profits of almost $100,000.

A potential concern in this case is that without the entry of new plants, incumbent producers
may not have had enough excess capacity to supply the observed industry outputs during the rest of
the Fourth Cartel. We do not find evidence to substantiate this concern. A relevant detail for this
point is that the Fourth Cartel contract allocated market shares based on plant capacity. Hence,
since market shares remained constant during the cartel, and these were based on individual plant
capacity, and it was feasible for all plants to satisfy their allocated quota during the first year of
the cartel, we only need to show that the aggregate capacity of the incumbent plants was large
enough to accommodate the additional supply. In fact, Figure 1.14 shows that industry capacity

at the onset of the Fourth Cartel was significantly larger than the aggregate output level chosen by

59Cartel contracts also required a large majority of producers to agree in order to introduce modifications to the
NPA proposal.
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Table 1.16: Counterfactual Plant Profits in Fourth Cartel

Statistic =~ Monthly profit observed ($)  Monthly profit counterfactual ($)

N 4,070 4,070
Mean 455,751 609,454
St. Dev. 477,135 545,602
Min —180,587 —30,298
Pctl(25) 90,790 236,998
Median 353,637 446,888
Pctl(75) 684,760 808,068
Max 3,722,985 4,605,773

Notes: Observations correspond to plant-month pairs. Figures presented in current dol-
lars.

the nitrate producers by the end of that collusive episode.

1.8.2 Entry without cartels

In this section, we study what entry patterns for the industry would have been like in a counter-
factual case in which the Fourth and Fifth Cartels did not occur. Intuitively, as cartels decrease
aggregate output and have a known fixed-term length, potential low-productivity entrants may find
it more attractive to enter the industry during cartel periods.

To estimate the effect of these cartels on the number and productivity of entrants, we use the

building blocks estimated in the previous sections and follow the following procedure:

o Periods are years. The simulation covers 8 periods corresponding to the sum of the duration
of the Fourth and Fifth Cartels (which were consecutive), between 1901 and 1909, plus an

additional year 0 to start the simulation.

e At year 0, we start from market conditions g, observed in the period before the start of the

Fourth Cartel.
e Evolution of the state variables is governed by following process:

1. Counterfactual levels of industry output are obtained from cubic spline computed using

only the values of industry output in competitive years.5°

598ee Figure 1.4.10 in Appendix 1.4 for counterfactual output levels.
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Figure 1.14: Industry Output and Capacity at the start of the Fourth Cartel
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Notes: Vertical axis is tons. Horizontal axis is time in years. The black solid line is the observed industry level
output, and the black dashed line is the estimated industry level capacity at the beginning of the Fourth Cartel. The
time period of the Fourth Cartel is shaded.

2. Using the counterfactual level of output, we compute

AQt = Qt,count - Qt,obs-

This is the difference between counterfactual and observed industry outputs.

3. We use AQ; and demand elasticity n to compute APF;, the difference between observed

and counterfactual nitrate prices.

4. We update the counterfactual price as
Pt,count = Pt,obs + A-Pt

e We construct a set of potential entrants for each year, formed by those plants that were
observed entering in reality plus those plants that were potential entrants in a previous year,

but decided against entering at that point.

o Entry decisions are made simultaneously by all potential entrants at the end of each period.
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Figure 1.15: Effect of Competition on Plant Entry

4th 5th
100{|
z | .
2 75| .
[$] |
= | . .
© *
[e]
i .
*
| * .
50{] ¢ R b4 ¢
! 3 . * . 3 . ¢ .
M . . . ¢ .
L]
* ° . * > PS
I | L] [ ]
25! L] . M .
| [ ] |
1902 1903 1904 1905 1906 1907 1908 1909 ‘
Entry Date

|Entry ® Postponed W Canceled ¢ Unaffected|
Notes: Vertical axis is total plant productivity. Horizontal axis is entry date. Each point corresponds to a single
plant. Entry date is the observed moment of entry (first positive output) in the data. Shapes and colors, described
below the horizontal axis, show the effect on entry decisions of the counterfactual change in competitive regime of
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Firms that decide to enter are observed entering one period later. Firm ¢ will enter in period
(t+1) iff:
V(Tz‘t, 1/)15) — FC(kzt> > O

The reason for estimating counterfactual output using a nonparametric approximation is derived
from the fact that there is a subset of plants that entered the industry during these cartels, for
which we do not have a productivity estimate yet (23 out of 71 plants). Hence, it is not possible
to establish what their counterfactual output levels would have been without making extreme

assumptions.

However, plants that do not enter into our analysis are those that accumulated very few observa-
tions during the monthly Nitrate Agency reports we collected. Since the probability of shutdown is
negatively correlated with productivity, we can infer that those unobserved plants are a negatively
selected subsample. Thus, we can safely interpret our results regarding entry as a lower bound of

the true effects of these cartels on the number and quality of entrants.
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Table 1.17: Counterfactual Industry Characteristics by end of Fifth Cartel (1909)

Case Observed  Counterfactual  Difference (%)
New plants (number, by 1909) 48 39 -18.8%
Mean productivity entrants 44.4 48.0 +8.3%
Mean industry productivity (1909) 45.9 47.3 +3.1%
Total number plants (1909) 145 136 -6.2%
Industry monthly capacity (1909, tons) 538,280 518,443 -3.7%

Notes: New plants: defined as plants with first positive output in the period. Industry monthly capacity:
computed from estimates in Section 4. Second and third rows are arithmetic means. Figures on first
three rows referred to subsample of plants with productivity estimates.

The results of this exercise are summarized in Table 1.17. The main results indicate that out
of the 48 plants in our analysis, 9 plants would not have entered by 1909 and 3 more would have
postponed entry to a later moment within the counterfactual simulation (Figure 1.15). Moreover,
plants that do not enter, or that postpone entry, are those with the lowest productivity levels. This

translates into the mean productivity of new plants in the counterfactual case increasing by 8.3%.6!

1.9 Final Remarks

This paper studies the interaction between cartels, productivity, and entry. As cartels temporarily
increase profits, in a low-barriers-to-entry industry, more firms may decide to enter. As cartels have
a greater influence on the profitability of low-productivity firms, this effect should disproportion-
ately increase the entry of this type of firm. Over time, this mechanism may erode the industry’s
productivity.

To study this question, we focus on the Chilean nitrate industry as an application. We use a
new dataset with rich cross-sectional variation in plant characteristics. Our analysis proceeds in
several steps. First, we do a reduced-form analysis to describe the effect of cartels on the quantity of
entrants. Second, we estimate plant-level productivity and compute by how much cartels reduced
the productivity of new entrants. Third, we implement a simple entry model to obtain plant-
level continuation values. Finally, we perform two counterfactual simulations. The first computes

incumbent cartel members’ profits in a case without entry. The second estimates counterfactual

61 Additional results can be seen in Figures 1.4.14, 1.4.11, 1.4.13, and 1.4.12 of Appendix 1.4.
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levels of entry and productivity for a case in which two cartels in the study period did not occur.

Results show that cartels have a large effect on both the quantity and quality of new firms in
the industry. Moreover, from the first counterfactual, we learn that low barriers to entry had a
large and negative effect on the cartel profits of incumbent firms. Lastly, the second counterfactual
shows that a large fraction of the least productive new firms would not have entered the industry in
a case without cartels. Our results suggest that robust antitrust enforcement not only protects the
short-term surplus of consumers, but may also have an important long-term effect on productivity
by disciplining the quality of entrants. Furthermore, lowering barriers to entry, conditional on
the absence of other negative consumer surplus effects, may be an effective tool at the disposal of
antitrust agencies by severely reducing the potential profitability of cartels. A tentative application
for this mechanism may be found in the wide range of professional activities that require state
licensing in the United States.

Our study can be expanded in several directions. In our current period of interest, the inter-
esting margin is the extensive one. However, in the period after the First World War, contractual
innovations motivated by the declining prospects of nitrate of soda caused the intensive margin to
acquire a far larger importance, giving us the opportunity the compare production efficiency under
both contractual regimes. In addition, nitrate cartels used dramatically different rules of organi-
zation. This fact may allow us to enrich our current analysis by directly mapping the relationship

between plant characteristics and the specific rules governing cartels.
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Appendix

Appendix 1.A Nitrate Industry

1.A.1 Industry Location and History

The nitrate industry was located in the Atacama Desert of South America, within a narrow and
long strip of land that covers a substantial fraction of the Regions of Tarapaca and Antofagasta in
modern day Chile. Figure 1.A.1 describes the location of nitrate deposits within this region.

Table 1.A.1 describes the evolution of the industry before the War of the Pacific (1879-84).
Before the Nitrate Age, the industry was in its early stages of development and, politically, was
fragmented between Peru, Bolivia, and Chile. The presence of nitrate of soda in the Atacama
Desert was known since Spanish colonial times (Cuevas, 1917), when the desertic territories, where
the industry would later developed, were virtually uninhabited. Although the very first shipments
of nitrate of soda to Europe date as early as the 1830s, consumption of nitrates was small, produc-
tion process remained primitive and the main fertilizer exported from South America was guano
(Bermudez Miral, 1963). The modern phase of the industry began in 1853, when steam-based
refining machines were first introduced and on-site elaboration of the product on isolated facilities
became the industry norm. The following decades would witness a gradual growth of the industry
and its expansion into the territories controlled by Bolivia and Chile, although the bulk of the
production was still located in Peruvian territory.

Chile enters its Nitrate Age after the War of the Pacific (1884-1914). At the end of the conflict,
all nitrate-producing territories of Peru and Bolivia were transferred to Chile. The evolution of
industry during the Nitrate Age is described in Figure ?7.

With the breakout of the World War I, nitrate of soda gained additional importance as a major
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Figure 1.A.1: Nitrate Region and Deposits

TOCOPILLAE

Notes: Illustration shows the northern Chilean provinces of Tacna, Tarapaca, and Antofagasta, according to their
limits in 1913. Areas with nitrate deposits are marked in black. Name of ports are written to the left of the illustration.
Source: Popular Science Monthly Volume 83, September 1913.
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Table 1.A.1: Nitrate Exports by Country (selected years)

Exports (tons) Plants (number)
Year Peru Bolivia Chile* Peru Bolivia Chile
1855  51,900** 0 0 NA 0 0
1866  97,500*** 0 97 NA 0 0
1872 200,943 6,164 203 18 1 0
1878 268,601 55,765 741 30 1 5

Sources: Cariola, Sunkel, and Sagredo (1991), O’Brien (1980),
Liiders, Diaz, and Wagner (2016), Semper et al. (1908), and Godoy
Orellana (2016).

Note: *, value for Chile corresponds to output (tons).

Note: **, average for period 1855-59.

Note: ***, average for period 1865-69.

Figure 1.A.3: HHI Nitrate Industry
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Notes: Each bar represents the HHI index of the industry for a year. Computed using total yearly plant outputs.
Notice that index is computed at the plant, not the firm level. Cartels periods are shaded.

56



ingredient in production of munitions. The allied blockade of the Central Powers (Germany and
Austria-Hungary) triggered the rapid expansion in production of synthetic nitrate of soda by those
countries, using the newly invented Haber-Bosch process. As a result of this invention and the
expansion of synthetic nitrate’s supply, after the end of World War I Chile’s monopoly had been

broken and the industry’s conditions had substantially changed.

1.A.2 Nitrate Lands Ownership

The history of the ownership of nitrate rights is complex and heavily dependent on which country
each deposit was originally located (Peru, Bolivia, or Chile). We provide a brief summary of the

main facts related to nitrate lands ownership in each of these countries.

Old Peruvian Nitrate Regions

The thin presence of the Peruvian state in the Tarapaca Province, together with the various legal
sources of ownership of nitrate rights, caused nitrate rights in this region to be poorly registered
and, in some case, disputed.

Mining laws of Peru descended from Real Ordenanza Mineria de Nueva Espana (Royal Mining
Ordinances). Under this framework, underground resources do not belong to owner of the surface
and must be adjudicated by the state. Moreover, local authorities could grant exploitation licenses,
as a form to “promote industry”, but these were not always officially recorded. Finally, if a con-
cession was not being actively “used” by the owner, the state (or a third party) could claim it,
according to the despueble clause.

In addition, the Peruvian government implemented erratic policies regarding its nitrate industry
(hoping to protect its competing guano industry) which made even more difficult to account for
nitrate rights by the time of the Chilean occupation of the Tarapaca Province in 1880.

In chronological order, the main policies implemented by the Peruvian government were:

e 1868: Peruvian government stops granting new concessions on nitrate lands and claims for

the state all unclaimed nitrate rights.

e 1873: Peru starts a “soft” export monopoly on nitrate.
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— Government sets a fixed price at which it buys nitrate.

— Private firms can still export nitrate autonomously, but paying a larger export tax.

e 1875: Peru begins the nationalization of the nitrate industry, this process also involved several

options, depending on the willingness of the owner to sell:

— Case 1: If the nitrate plant’s owner was willing to sell.

« Nitrate plants would be exchanged by bonds (certificados), according to price set

by an appraisal committee.

* Bonds would be paid by a loan taken by the Peruvian government in the U.K., using

nitrate plants as collateral.

* The necessary loan could not be obtained before the outbreak of war with Chile.
— Case 2: If the nitrate plant’s owner was not willing to sell.

* Producer could still produce and sell his production, however paying a more onerous

export tax.

— Case 3: Owners of inactive plants or plants in construction.

* These plants were not considered by the appraisal committee. Subsequently, the

Peruvian government announce the use of the despueble clause to expropiate them.

Depending on the legal situation of the original Peruvian concession, the Chilean policy was:

e Plants with outstanding bonds or certificados would be returned to whoever was in possession

of at least 50% of the certificados.

— In many cases, this was not feasible due to the dispersion of the certificados,since many

had been “fire saled” when it became clear Peru would lose the war.

— The Chilean government auctioned in 1882 the oficinas that had not been claimed, the

proceeds of the auction were distributed between the owners of the certificados.

— In 1887, the Chilean government paid a flat conversion rate to buy all remaining out-

standing certificados.
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e Owners of oficinas that had been declared in despueble by the Peruvian government tried to
regain possession in the Chilean courts. After an initial success in 1893, the Chilean Supreme

Court declared all of their property rights to be void between 1894 and 1896

As a result, the Chilean government progressively became the owner of a large fraction of the
nitrate rights in the Tarapaca Province. Notice the main reason for this was that government

intervention was thought to be most practical way to provide clear property right to the industry.

Old Bolivian Nitrate Regions

The Bolivian territories in the Atacama Desert were far from the center of the Bolivian nation.
Communications were poor and the population of the (then called) Bolivian Litoral Department
was small and mostly Chilean. In fact, the incipient nitrate industry in the region can be described
as a Chilean-owned industry. Unlike the industry in the Peruvian Tarapaca Province, the industry
in the Bolivian territory was centered around a single firm, since the Bolivian government granted
a concession to produce nitrate, build a railroad, and gave tax-exempt status to the Antofagasta
Nitrate Company (a Chilena-British firm). After the War of the Pacific, this company continued
its operations uninterrupted.

In addition, to prevent the entry of competition to their Tarapaca Province, the Peruvian
government had commissioned Juan Meiggs in 1876 to lease some nitrate rich lands in hands of
the Bolivian government. After the War, Chile had to negotiate a settlement with the descendants
of Juan Meiggs (since the Peruvian government had promised to Meiggs rights to extract nitrate
from the leased lands). A fraction of those lands, then, were ceded to the family as part of the so
called Transaction Squire of 1883.

The rest of the government-owned nitrate lands in the former Bolivian territory were transferred
to the Chilean government as part of the peace treaty. As in the case of Tarapaca Province, the

Chilean government then became the owner of a large majority of nitrate rights in this region.

Old Chilean Nitrate Regions

A decree from 1877, granted to the discoverer of a nitrate deposit the right to claim 3 Chilean

stakes (each Chilean stake corresponds to an hectare). In most cases, entrepreneurs would then
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Table 1.A.2: Status of Nitrate Lands by 1925

Status Property Surface (km?)
Exploited Private 550
Measured, not exploited  Private 5,811
Unmeasured Public 25,000

Notes: Table shows status of nitrate lands, measured in terms
of area, by 1925. Nitrate content around this period var-
ied between 10% and 20%, hence surface area is informative
about the relative amounts of nitrate contained in different
categories. Fxploited: nitrate lands already used. Measured,
not ezploited nitrate lands whose total nitrate content had
been estimated in detail, and were owned by a private firm.
Unmeasured: state lands on which nitrate presence had been
established, but without detailed estimates of total content.
Sources: Chilean Ministry of Finance (1925, p. 11).

Table 1.A.3: Nitrate Industry Ownership by Nationality

Fraction of total industry output

Year Peruvian British Anglo-Chilean Chilean German Other

1878 o8 13.5 - 19 8 1.5
1884 - 20 14 36 17 13
1895 - 60 - 13 8 19
1901 - 55 - 14 15 16
1912 - 38.5 - 37 15 9.5

Sources: Cariola, Sunkel, and Sagredo (1991).

have family members or associates to petition for additional rights, until a sizable property had been
acquired. In 1884, a new decree forbid new claims of nitrate rights. Finally, in 1888 the new Mining
Law declared all new nitrate deposits to be exclusive property of the Chilean state. However, a

sizable number of nitrate rights had been allocated under the previous liberal legislation.

As a summary, after the War of the Pacific, nitrate rights were held both by private en-
trepreneurs and, the largest part, by the Chilean state. Table 1.A.2 shows the estimated status of

nitrate lands, according to the Chilean Ministry of Finance, by the year 1925.

Entrepreneurs from various origins were attracted by the nitrate industry, besides the native
Chilean and Peruvian businessmen. Table 1.A.3 presents a summary of the ownership evolution of

the industry, were firm owners have been group according to their nationality.
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Nitrate tax and Government Revenues

During the War of the Pacific, the Chilean government decided to implement an export tax on
nitrate of soda. The tax rate was determined as 28 pence per Spanish quintal. A pound under
the Imperial System had 240 pence, and a Spanish quintal corresponds to, approximately, 101.44
pounds. Thus, the nitrate export tax is roughly equivalent in modern dollars to $400 per ton. The
export tax remained constant throughout the Nitrate Age in value and accounted for a significant
fraction of the price of nitrate.

In addition, the Chilean government periodically sold rights to extract nitrate in state-owned
lands. However, this revenue was only equivalent to 3% of the export tax revenue (Chilean Ministry
of Finance, 1925). Nitrate lands auctions seem to have been motivated by the opportunity of
obtaining a good selling price, given high demand for nitrate lands, as explained on one of the bills

submitted to the Chilean Congress:5?

It is in the interests of the [Chilean] state to dispose of some of its nitrate properties
that can be sold under advantageous conditions, without disturbing the prosperous state
the nitrate industry presents today ... Making the auction of the properties referred to
in this bill, the government has the purpose of not offering new nitrate lands for sale
but in accordance with the interests of the industry ...which will lead to considerable

advantages for the state as well as for private interests.

Government attitude towards Nitrate Cartels

During the Nitrate Age there was no systematic antitrust concern on the part of the Chilean
authorities. The Chilean legislation did not forbid or regulated cartels or trusts (the first antitrust
legislation was not promulgated until 1959 (Bernedo, 2013). In addition, government policy regard-
ing combinations was influenced by laissez faire ideology that predominated at the time among the
Chilean elite. Moreover, Chilean consumption of nitrate of soda remained negligible with respect
to the total volume of product sales. Hence, consumer surplus considerations were absent from the

policy discussions regarding competition in this market.

52Bill presented by Chilean Government on March 2nd 1902. Proyecto de Lei que autoriza enajenacién de ciertos
terrenos salitrales (Republica de Chile, 1903). Bill message cited from NPA Quarterly Circular, Number 27, April
21, 1902, p. 7.
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Although the use of a per-volume tax made cartels to have a negative effect on short-term tax
revenues, other factors partially balanced this concern. First, the sheer importance of the industry
made crisis in the nitrate sector highly damaging to the whole Chilean economy. Hence, cartels
were regarded as a policy tool, that helped to ensure the stability of the wider economy. As an
example, Chilean financial sector provided short and long-term finance to the nitrate industry, hence
cartels were favoured by them, as decreased the risk on their loans (O’Brien, 1982). Second, during
the decade of the 1900’s, mode Chilean entrepreneurs became directly involved in the industry as
owners. A large fraction of them were also members of Congress or held high political offices. Thus,
the private interests of part of the elite partially counterbalanced the fiscal interest of the republic.
As a consequence, the attitude of Chilean government towards the organization of cartels changed
on time and depended of the specific short-term economic and political circumstances (Brown,

1963).

Appendix 1.B Data

Table 1.B.1: Summary Statistics Prices UK (£/ton)

Statistic =~ Nitrate of soda ~ Ammonium sulfate  Beet sugar  Iodine

N 407 408 408 398

Mean 10.0 12.5 12.4 1,097.9
St. Dev. 1.8 3.0 4.2 272.0
Min 6.8 6.8 5.8 587.9
Pctl(25) 8.7 11.0 9.2 881.8
Median 9.7 11.9 11.2 1,102.3
Pctl(75) 11.0 12.8 14.1 1,322.8
Max 18.7 21.8 30.2 2,131.1

Sources: The Economist, Chemical Trade Journal.
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Figure 1.B.1: Coverage Main Data Sources
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NPA | |
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Time
Notes: Vertical values represent the two main sources of plant-level data. Horizontal axis is time. Each black bar
corresponds to a month of data.

Figure 1.B.2: Weekly Nitrate Prices in U.K. by Source
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Notes: Vertical axis is prices in contemporaneous pounds. Horizontal axis is time. Observations obtained from The
Economist are in black, while observations from the Chemical Trade Journal are in grey.
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Figure 1.B.3: Monthly Nitrate Prices in the U.K and Chile
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while prices in Chile are in grey.
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Figure 1.B.4: NPA Monthly Output Statistics (June 1900)

Notes: Periodic publication of the NPA. Each row corresponds to a nitrate plant. Output expressed in metric quintals.
Obtained from the Chilean National Library, Santiago, Chile.
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Figure 1.B.5: Nitrate Agency Monthly Report (November 1899)
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Notes: Periodic publication of the Nitrate Agency. Each row corresponds to a nitrate plant. Output expressed in
Spanish quintals. Obtained from the Tarapaca Regional Archives, Iquique, Chile.
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Figure 1.B.6: Second Cartel Contract

Sources: Chilean National Notarial Archives, Santiago, Chile. Iquique Notaries. Volume 132.
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Appendix 1.C Additional Tables

Table 1.C.1: Logit Regression Shutdown

Probability
Dependent variable:
Plant shutdown
lagged(Workers) —1.030***
(0.060)
lagged(Animals) 0.194***
(0.057)
Constant 2.668"**
(0.171)
Observations 10,349
Log Likelihood —3,738.645
Akaike Inf. Crit. 7,483.289

Notes: Robust standard errors in paren-
theses. Observations are plant-months.
Plant shutdown takes value of 1 if the
plant was inactive in a given month but
is observed in operation later in the data.

Table 1.C.2: Chi-
Square Test

Number intervals:
Two Three

8.56 7.26
(1) (2)

Notes: Degrees of
freedom in paren-
theses.
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Table 1.C.3: Regression Prices U.K. and Chile

Dependent variable:

Nitrate price UK

Nitrate price Chile 0.957**
(0.027)
Constant 3.399***
(0.172)
Observations 250
R? 0.809
Adjusted R? 0.809

Residual Std. Error
F Statistic

0.553 (df = 248)
1,053.463** (df = 1; 248)

Note: *p<0.1; **p<0.05; ***p<0.01
Notes: Robust standard errors in parentheses. Obser-
vations are monthly prices.

Table 1.C.4: Discretization of Nitrate Price (p¢)

Interval ~ Lower bound (£/ton)  Upper bound (£ /ton)
pl 4.44 5.32
p2 5.32 5.91
p3 5.91 6.74
p4 6.74 7.57
po 7.57 9.35

Table 1.3.8: Summary Statistics Observed Plant Values

Statistic ~ Periods observed  Discounted value ($)  Mo. Profit (%)
N 148 148 28,084
Mean 214 33,802,826 378,945
St. Dev. 119 37,172,924 506,587
Min 10 -7,936,688 -6,461,858
Pctl(25) 106.5 9,364,678 0
Median 214 20,687,580 226,831
Pctl(75) 342.2 47,631,551 566,686
Max 381 224,558,616 6,274,206
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Table 1.3.9: Parameters Cost Function Estimation

Variable Description Value Units

€ Exchange rate 16 p/CLP$
w Monthly average wage 90 CLP$
Canim Monthly cost per animal 30 CLP$
Ceonl Coal price 1.55 CLP$/SPQ
T Export tax nitrate 28 p/SPQ
Cpack Packaging cost 2 p/SPQ
Cport Port services cost 1 p/SPQ
Crail Railroad cost 3.5 p/SPQ
Cadm Plant administration costs 1.5 p/SPQ
Cadv Contribution to nitrate advertising 5/16 p/SPQ

Notes: p: pence (1900); CLP$: Chilean peso (1900); SPQ: Spanish quintal.
Sources: Semper et al. (1908).

Table 1.3.10: Parameters Entry Costs Estimation

Variable Description Value Units
B Discount factor (yearly) — 0.92

a Cost nitrate reserves 2 p/SPQ

Ck1 Capital cost interval 1 1 £ 1900 /SPQ
Ck2 Capital cost interval 2 18/20 £1900/SPQ
Ck3 Capital cost interval 3 3/4  £190/3pQ

Note 1: p: pence (1900); CLP$: Chilean peso (1900); SPQ: Span-
ish quintal.
Note 2: In capital cost parameters, SQP refers to monthly produc-
tion capacity measured in this unit.
Sources: Semper et al. (1908).

Table 1.3.11: Parameters
used for Currency Conversion

Exchange rate  Value

£2018 /1900 120.74
US§$/ 42018 1.22

Sources: boe’exchange,
boe’inflation.
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Table 1.3.12: Discretization of Productivity types

Number of groups:

5 groups 3 groups

Productivity group  Lower bound  Upper bound  Lower bound  Upper bound

b1 10.2 32.6 10.2 36.2
b0 32.6 39.0 36.2 50.4
b3 39.0 45.2 50.4 97.1
b4 45.2 55.3 _ -
b5 55.3 97.1 _ _

Table 1.3.13: Discretization of Capacity types (tons)

Capacity groups:
Group 1 bounds  Group 2 bounds  Group 3 bounds

Prod. group Lower  Upper Lower Upper Lower Upper

1 39.2 342.0 342.0 759.0 759.0 1217.9
b2 215.7 664.4 664.4 895.6 895.6  1439.2
o3 182.4 736.7 736.7 1221.6 1221.6  2967.8
®4 595.7 976.1 976.1 17224 17224  4033.8
o5 2224 2032.0 2032.0 3045.3 3045.3  5605.0
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1.4 Additional Figures

Figure 1.4.1: Net-entry of Plants during Nitrate Age
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Notes: Vertical axis is plants (number). Horizontal axis is time. Net-entry computed as plants that enter minus

plants that exit in a given month. Cartel periods are shaded.

Figure 1.4.2: Exiting Plants during Nitrate Age
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Notes: Vertical axis is plants (number). Horizontal axis is time. Exiting plants variable determined by the last

observation of an establishment in the data. Cartel periods are shaded.
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Figure 1.4.3: Comparison Plant Productivity Estimates
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Figure 1.4.4: Productivity vs residuals (points) for Plants with more than 95 observations
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Figure 1.4.5: Relation between Energy Input and Nitrate Output in Refining Stage
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Figure 1.4.6: Estimated Plant Productivity vs Time of Entry
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Notes: Each observation corresponds to a plant. Horizontal axis is time. Vertical axis is productivity.
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Figure 1.4.7: Estimated Monthly Profits by Productivity Type
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Notes: Each point corresponds to a plant-month observation. Horizontal axis is time. Vertical axis is profits current
dollars.

Figure 1.4.8: Seasonality of Monthly Output by Productivity Type
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Figure 1.4.9: Plant Values Net of Entry Costs: 4" & 5" Cartels
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Figure 1.4.10: Observed and Counterfactual Industry Output
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Notes: Horizontal axis is time. Vertical axis is nitrate output (tons). Continuous line is the observed industry output,
while the dashed line is the counterfactual output, computed as a cubic spline.
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Figure 1.4.11: Observed (continuous line) and Counterfactual Number of Plants
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Notes: Horizontal axis is time. Vertical axis is number of plants. The continuous line represents the observed number
of plants in the industry, while the dashed line represents the counterfactual number of plants.

Figure 1.4.12: Observed (continuous line) and Counterfactual Industry Capacity
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Notes: Horizontal axis is time. Vertical axis is industry capacity. The continuous line represents the observed number
of plants in the industry, while the dashed line represents the counterfactual industry capacity.
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Figure 1.4.13: Observed (continuous line) and Counterfactual Mean Industry Productivity
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Notes: Horizontal axis is time. Vertical axis is productivity. The continuous line represents the observed mean
productivity in the industry, while the dashed line represents the counterfactual mean productivity.

Figure 1.4.14: Observed and Counterfactual Productivity Distributions
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Notes: Productivity distributions of entrants during Fourth and Fifth Cartels. Observed distribution is shown in
lighter shade, while counterfactual distribution is shown in darker shade.
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Chapter 2

Learning-by-colluding: Experience
and Efficacy of Cartels in the Chilean

Nitrate Industry

This paper studies the degree to which experience helps firms to organize successful cartels. Between
1884 and 1909, Chilean producers of nitrate of soda organized cartels on five separate occasions
which allow us to explore how collusive agreements evolved as producers accumulated experience in
their organization. Our setting has absence of antitrust regulation and perfect monitoring, which
translated in completely public cartels. Thus, unlike most of the previous literature on cartels,
issues related to monitoring and enforcement were of secondary importance with respect to the
challenge of allocating the collusive surplus among the colluding firms. We document that cartel
contracts gradually became more complete, generated a smoother transition from competition to
collusion, and that producers eventually discarded inefficient methods of market share allocation,

associated to larger production costs, in favor of better alternatives.
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2.1 Introduction

Although cartels are ubiquitous and very costly in terms of economic efficiency little is known about
the process of cartel organization that eventually leads to the organization of successful cartels
and the role of learning-by-doing in it. Do firms intuitively “know” how to optimally organize
collusion once an opportunity arises? Or, alternatively, do firms learn as they go about cartel
organization? Shedding light on these questions could greatly help prevention, detection, and the

design of remedial measures for detected cartels.

We use the Chilean nitrate industry between 1880 and the First World War to explore this
research question. Over this extended period of time nitrate producers organized cartels on five
separate occasions. Moreover, collusion was both legal and public, which allow us to use sources of

qualitative evidence not distorted by the fear of prosecution.

We find that collusive agreements in this industry gradually became more complex and complete,
incorporating new contractual dimensions such as regulating firms’ behavior during the transition
to collusion. Moreover, through a process of experimentation that lasted for four cartel episodes,
the producers were able to discard inefficient market share allocation methods. Furthermore, we
are able to show using counterfactual simulations that the discarded methods increased production
cost at least by 10%. Finally, we are able to document the process by which producers converged

to a system of periodic fixed-term collusion episodes instead of organizing a permanent cartel.

Ours is, to the best of our knowledge, the first paper to document the dynamic learning process
leading to the organization of a successful cartel. Our rich sources allows us to describe the evolution
of producers’ understanding about relevant contractual dimensions and to trace how they dealt with
challenges that affected the cartel’s efficacy through contractual innovations. In addition, our paper
identifies a novel mechanism that hampers the organization of collusion in durable goods markets:
the preemptive cheating motive. Finally, this papers contributes to our knowledge about the role
of trade associations as cartel facilitators, especially in industries with a large number of producers
and to explain the existence of periodic episodes of collusion, which have been observed in a wide

variety of industries.

Main among the reasons for our lack of knowledge about learning in cartel organization is that

cartels in most of the developed word have been illegal since about the end of WW2. Even when
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a cartel is exposed, it is safe to assume that the discovered evidence has been distorted in order
to limit the potential future legal liabilities, which makes very hard to address this question in a
modern setting.

We are able to surpass this challenge due to the fact that nitrate cartels were legal and public,
which made possible the survival of a large number of truthful qualitative sources that include full
texts of the implemented collusive agreements, the minutes of producers’ meetings, and the periodic
publications of their trade association. We supplement this evidence with newly assembled data,
including the detailed output and export statistics at the plant level.

Several features of this industry make it especially suitable for studying cartel organization.
Nitrate of soda was the main fertilizer used at the time, and Chile was the sole producer. Since
the domestic market for the product was negligible, every industry stakeholder in Chile was funda-
mentally concerned only about the maximization of producer surplus. The production process of
nitrate was simple and the technology remained without significant changes. Finally, the product
was completely homogeneous across firms.

The remainder of the paper is organized in the following way. Section 2.2 describes the main
relevant features of the industry; Section 2.3 presents the main characteristics of the nitrate cartels
and, specifically, their contract and their evolution; Section 2.4 outlines the data sources and
presents summary statistics; The main aspect of learning, the allocation of collusive market shares,
is explored in section 2.5; Finally, Section 2.6 describes two other important dimensions of learning;:
The regulation of transition from competition to collusion, and the choice of fixed-terms agreements

and inter-cartel bargaining instead of permanent cartels with flexible market share allocation.

2.2 Industry Background

2.2.1 Historical development and industry characteristics

The period between the annexation by Chile of the nitrate rich territories of Peru and Bolivia
during the War of the Pacific (1879-84) and the outbreak of WWI was the zenith of the nitrate
of soda industry. During this period, nitrate of soda, became the main commercial fertilizer used
in the world: By 1900, nitrate of soda represented two thirds of the world’s total supply of com-

mercial fertilisers (Wisniak and Garces, 2001). Moreover, nitrate of soda almost instantly turned
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Table 2.2.1: Evolution of Nitrate Industry

Year Plants (number) Output (thous. of tons) Workers (thous.)

1882 43 492 7.1
1887 57 713 7.2
1892 - 804 13.5
1897 42 1,187 16.7
1901 66 1,329 20.3
1906 96 1,822 -

1910 102 2,465 43,5
1914 137 2,463 44,0

Sources: Cariola, Sunkel, and Sagredo (1991), Semper et al. (1908), and Godoy
Orellana (2016).

into the most important export and source of revenue for the Chilean government, accounting for
approximately 65% of exports.'. Hence, this period of Chilean history is often called the Chilean
Nitrate Age.

Nitrate of soda is a natural fertilizer used to transfer nitrogen to the soil. The only commercially
viable deposits in the world were found in the newly acquired Chilean provinces of the Atacama
Desert (Vicuila, 1931).2 It was an homogeneous product and its main uses were as a fertilizer,
which accounted for roughly three-quarters of consumption, and as an input in the manufacture of
explosives.? The closest available substitute during this period was sulphate of ammonia.

Nitrate was produced by private firms, in purposefully built plants located on the desert. Figure
2.2.1 shows La Patria nitrate plant, as a representative example. The basic configuration of a nitrate
plant consisted of a central refining facility, placed in the midst of the nitrate-bearing grounds that
would feed it.* The packaged nitrate would then be dried and stored near the refining facility,
before its transportation via railroad to the nearest port. In a standard transaction, producers
would sell ready for export nitrate at the port. Traders would then transport it by boat to the
consuming markets of Western Europe and the United States.

The nitrate industry featured a large number of firms and experienced a constant expansion

!Computed from Cariola, Sunkel, and Sagredo (1991, p. 139) as average of nitrate participation on exports in
years ended with 0 or 5 during the Nitrate Age

2The provinces were Tarapaca (previously owned by Peru), and Antofagasta, shared between Bolivia and Chile
before the War).

3Tt was sold in two versions: Ordinary (95% purity) and refined (98% purity), with ordinary constituting almost
all of output.

4The only exception to this configuration was the Antofagasta Company before 1907, which used instead a central
refining facility in the port of the same name.
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Figure 2.2.1: Nitrate Plant Example: Bearnes Plant

Sources: Boudat (1889).
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during the Nitrate Age. Table 2.2.1 presents basic statistics regarding the industry evolution during
our period of interest. As a consequence of the large number of firms,® the industry had persistent
low levels of concentration. For instance, in 1901 the largest firm had a market share of 6.4%, while
in 1907 the largest market share was 7.6%. Firms were owned mostly by British, German, and
Chilean entrepreneurs.

A distinct industry characteristic is that demand and prices were very volatile. This came as
a result of three market characteristics (Bertrand, 1910). First, most nitrate was used during the
European harvest season, between March and June of each year, which corresponded to about
90% of the agricultural consumption of nitrate. Second, the European demand had high variance
depending on current year’s weather shocks. Third, the large distance between Europe and Chile
meant nitrate producers were not able to react to same-year demand shocks,% since nitrate produc-
tion, due to economies of scale, was bound to be year-round. These patterns are summarized in
Figure 2.2.2. This situation was reinforced by the fact nitrate intermediaries did minimum storage,
because of the financial risks associated to its wide fluctuations in price.

The Chilean government implemented a nitrate policy based on two pillars: private-ownership
of the industry with low regulation, inspired by laissez faire principles; and heavy taxation using a
per-unit export tax of, approximately, 2.54 pounds sterling per ton exported (this corresponds to
about $400 per ton, in current dollars) (Brown, 1963).7 At the same time, the nitrate export tax
became the most important source of government revenues explaining, on average, 45% of total tax
revenues between 1885 and 1914 (Chilean Ministry of Finance, 1925).

The great economic and fiscal importance of the industry motivated the development of the
Nitrate Agency,® a specialized state institution solely tasked with monitoring the industry’s op-

eration and development. Among its most important tasks, were to establish government policy

5Some firms owned more than one plant. Most of the firms that entered during our main period of interest were
single-firm plants.

5Semper et al. (1908) estimates average times of travel of 90 to 100 days for sailboats and 45 to 65 days for
steamboats.

"Figures regarding nitrate export tax also include the export tax collected on iodine exports. Iodine is a sub-
product of the elaboration of nitrate of soda.

8The name of the agency in Spanish was Delegacion Fiscal de Salitreras y Guaneras. It was based on the city of
Iquique, main city of the Chilean nitrate region. Immediately after the occupation of the Peruvian nitrate territories,
in December 1879, the Chilean government named a general representative to the region to oversee the territory,
including its nitrate industry (Ministerio de Hacienda, Chile, 1880, p. 46). A specialized General Inspectorate of
Nitrate (In Spanish, Inspeccion General de Salitreras) existed by 1885 (Ministerio de Hacienda, Chile, 1885, p. 395).
Finally, in 1889, the Chilean government increased the budget and rank of its nitrate agency, obtaining the name
and features that would persist until 1914.
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Figure 2.2.2: Industry-level Output and Consumption
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Notes: Monthly industry-level output (dashed line) and consumption (continuous line) between the years 1905 and
1908.

towards the industry, the collection of industry and plant-level statistics, and the management of
government-owned nitrate assets, particularly state-owned nitrate lands.

The First World War fundamentally changed the market for nitrate of soda, ? as Chile lost its
monopoly on nitrate of soda due to the invention of the Haber-Bosch method for production of
synthetic nitrate. The effects of this event for the Chilean nitrate industry were devastating, never

recovering its previous levels of profitability.

2.3 Nitrate Cartels and Learning

2.3.1 General Description

Nitrate of soda producers formed cartels on five separate occasions (see Table 2.3.1) to take ad-

vantage of their joint market power in the fertilizer world market.!' These cartels lasted from a

9The breakout of the war, also greatly disrupted the industry, as the blockade of the Central Powers closed overnight
some of the most important export markets at the same time as the industry experienced a positive demand shock,
driven by sales to the Allied powers.

0For instance, during a competitive period, a nitrate producers’ publication reads, “Currently, it can be said the
industry is producing as much as it is allowed by the potency of the elements at its disposal ... On the other hand, is
the conviction of every and each producer that today they deliver their valuable product ... depressed by at least a
shilling in the price consumers can still pay at great advantage for their economy ... The result, therefore, of sound
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Table 2.3.1: List of Nitrate Cartels

Cartel Start Date End Date Early termination
First 1884-August  1886-December No
Second  1891-March 1894-March No
Third 1896-April 1897-October Yes
Fourth  1901-April 1906-March No
Fifth 1906-April 1909-March No

Notes: Early termination indicates whether the End Date corresponds to
the original termination date agreed on collusive contract, or if an early
termination clause of the collusive contract was invoked. Sources: Brown
(1963).

minimum of seventeen months to a maximum of five years, and had almost unanimous participa-
tion among nitrate firms. Moreover, the start of the first three cartels followed drops in the nitrate
price.

All nitrate cartels share some distinctive features. First, before the start of each cartel, a
collusive contract would be signed by all participating producers, stipulating all the relevant rules
that would govern its operation. Second, as a result of the absence of any antitrust legislation at
the time in Chile, they were completely public (including their contracts) and the large importance
of the industry guaranteed their actions received a great deal of attention by the press and the
general public. Third, nitrate producers’ limited capacity to respond to contemporaneous demand
shocks, due to their long time-to-market, made unpractical for them to try to directly set the price

of nitrate of soda. As a result, all nitrate cartels were limited to being quantity-setting agreements.

The management of the nitrate cartels, given their large number of firms and their geographic
dispersion, required the existence of a executive body with enough power to make operational
decisions in short order. The first two cartels were managed by a board of producers (denominated
Nitrate Committees) elected by cartel members after the signature of the collusive agreement. In the
first two cartels the group of producers that promoted their organization were heavily represented
in their cartel boards. A pivotal change in the organization of the industry was the creation in
1894 of a permanent trade association, called Nitrate Propaganda Association (NPA from now on)

which took over and expanded the staff and organization developed during the Second Cartel after

advice and mere commercial foresight would be to agree on a formula under which all [producers] consulted their
interests and marched together in pursuit of own and general welfare (NPA, 1899, p. 6).”
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Figure 2.3.1: Industry yearly output (tons)
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Notes: Yearly industry output shown as circles (triangles) for competition (cartel) years. Dashed line presents a
non-parametric trend, computed only using industry output observed during years in competition. Cartel periods
are shaded. Texts correspond to cartel number by chronological order and to the War of the Pacific period.

its conclusion in 1894. The NPA retained from the initial cartels an elected board of producers
(elected for one-year terms) as its governing body but its reach was limited mostly to strategic
aspects, leaving day-to-day operations in hands of its manager and a permanent professional staff.
Starting from the Third Cartel, the NPA manager was the main organizer of the successive nitrate

cartels.

Regarding the effects of nitrate cartels, as an illustration, Figure 2.3.1 shows the industry yearly
output, together with a trend that considers only years with free competition, showing that output
during cartel years were always below what it could be expected given the previous trend of output
during competition.

On the other hand, Table 2.3.2 summarizes the effect cartels had on aggregate industry output.
On this Table, the dependent variable is monthly industry-level output, while the main independent
variables of interest are individual cartel dummies. The regression also includes dummies related
to high and low-demand seasons and a time trend. The main result from Table 2.3.2 is that going

from competition to cartel was correlated with an average industry output reduction of around
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18%.

2.3.2 Relevant Dimensions of Learning

A successful cartel must solve four fundamental organizational issues: monitoring and enforcement,
resistance from related firms and authorities, bargaining, and entry.'!

The special characteristics of this industry’s physical and institutional environment made the
nitrate industry to develop in a perfect-monitoring setting. Nitrate production was the only eco-
nomic activity developed in the Atacama Desert and all plants, grouped in distinctive districts, were
situated nearby from each other, sharing the same railroad networks to transport their outputs to
port. Moreover, the sheer importance of the industry ensured that the Chilean state developed
monitoring institutions that could compile public statistics and prevent the evasion of the nitrate
export tax. As mentioned above, nitrate producers followed the lead of the Chilean state and used
the NPA as an statistical agency for monitoring purposes. As an example of the detailed monitoring
system put in place by the NPA, Figure 2.B.1 shows an example of the Nitrate Shipment Magazine,
published by the NPA from at least 1894, which contained information on all nitrate shipments
made from Chile in a given month, including the firm of origin, quantity exported, name of the
ship, and destination.

In addition, there is evidence that nitrate cartels had effective tools to enforce the fulfillment
of their agreements. Although nitrate cartels were based on legal contracts to the best of our
knowledge there is no evidence of litigation associated to contract infringements. However, there is

narrative evidence that failing to comply with cartel rules would translate into a strong retaliation:

1213

To a person not resident in Iquique it is difficult to realise the power which the Nitrate
Committee possess.!? Firstly, they have the support and are recognised ...by the

Republic. Secondly, the object of the combination, the banking interest, and of all

" McAfee and McMillan (1992). Bargaining, refers to the division of the collusive surplus among the cartel members;
Entry corresponds to the presence of new producers, tempted by the large profits generated by the cartel; Monitoring
and enforcement, corresponds to the mechanisms by which the cartel agreement will prevent cheating; and resistance
from firms and authorities, relates to the potential actions that firms on the other side of a market and to enforcement
by antitrust agencies.

2Russell (1890, p. 333)

13See additional supporting evidence related to the power cartels had in Appendix 2.B.

“Note: written as “Comite Salitreros” [sic] in the original text.
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Table 2.3.2: Cartel Effects Regression
Dependent variable:
log(Nitrate Output)

1) (2)
Cartel —0.187***
(0.031)
Cartel 1 —0.549***
(0.084)
Cartel 2 —0.045
(0.053)
Cartel 3 —0.019
(0.095)
Cartel 4 —0.137***
(0.022)
Cartel 5 —0.167***
(0.029)
Time 0.0002***  0.0002***
(0.00001) (0.00001)
High season —0.031 —0.020
(0.051) (0.045)
Low season —0.042 —0.047
(0.040) (0.038)
Constant 16.426*** 16.184***
(0.132) (0.145)
Observations 404 404
R? 0.818 0.841
Adjusted R? 0.817 0.838

Notes: Robust standard errors in paren-
thesis. Observations correspond to
months at the industry level. Cartel
takes the value 1 if any cartel was ac-
tive, and 0 otherwise. Cartel 1 takes
the value 1 if First Cartel was active,
and 0 otherwise. Additional indica-
tor variables for individual cartels fol-
low the same logic.*p<0.1; **p<0.05;
***p<0.01.

89



Figure 2.3.2: Example of Monitoring: Nitrate Shipment Magazine (February 1895)

Notes: The Nitrate Shipment Magazine (Revista del Carguio de Salitre) was a monthly publication of the NPA from
at least 1895 until 1929. It summarized all the nitrate shipments made in Chile, including the producer of origin,
quantity of nitrate, ship name, date of shipment, port of origin, and port of destination. Source: Vol. 2659, Ministry
of Finance Collection, Chilean Historical Archives.
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trade depending on the manufacture of nitrate, are so closely bound together, that a
fiat issued with regard to any firm or individual who has persistently offended against
the Articles of Association means to them immediate ruin. The form or individual is
treated as one whose signature is not worth the paper it is written upon; he or they are

in every form boycotted.

These characteristics that promoted “good behaviour” on the part of cartel members were
reflected in a very small number of deviations from the agreed-upon firm level quotas. For instance,
by the end of the first year of the Fourth Cartel only 5 plants had excess output over their quotas,
for an amount equivalent to less than 0.15% of the total industry quota.'® During the second year

of the same agreement, the deviations were even smaller.

Finally, the absence of antitrust legislation in Chile meant that the usual concerns colluding
firms face when organizing collusion regarding detection and potential antitrust litigation were
absent from this setting. Furthermore, local consumption of nitrate in Chile was negligible. Hence,

authorities had no local consumer surplus to protect from the high prices induced by the cartel.

As a result, in contrast to a large fraction of the cases studied in the previous literature, in the
nitrate cartels the challenges faced by producers were mostly related to the issues of bargaining and
entry. The focus of this paper is to describe the learning process associated to bargaining problems
while a companion paper!” studies how entry affected these cartels and the solutions implemented
by incumbent nitrate producers. Besides the topical differences between the two papers there is
also a chronological distinction: The bulk of the learning related to bargaining occurred during
the first three cartels, while the entry problem became crucial fundamentally during the last two

cartels.

NPA (1902, p. 6).
16«The only excesses over the quotas established by the agreement were:
Output: Aguada plant, owned by Compaifia Comercial y Salitrera La Aguada... 1,836 Sp. quintals.
Exports: Progreso plant, owned by Evaristo Quiroga and Bro. ...1,627 Sp. quintals.
Although their insignificance suggest that these violations were involuntary errors, the producers have been fined as
stipulated in articles 15 and 16 of the contract ...” NPA (1903, p. 4).
17Carrera and Titov (2019).
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2.3.3 Evolution of Nitrate Cartel Contracts

Nitrate cartel contracts exhibited a relevant evolution.'® As nitrate producers gained more practical
experience at the organization of cartels they incorporated clauses about additional contractual
dimensions, making contracts more complete. Table 2.3.3 summarizes this trend. Quantitative
measures of the length of the contracts together with qualitative description of the new topics
added in each of them show the collusive contracts’ increasing complexity. Specifically, cartels
organized by the NPA are at least twice as long as the firsts two agreements an incorporated
regulations in topics that were perceived as greatly damaging to the success of previous cartels
(e.g., regulation of transition to collusion). Moreover, after the success of the Fourth Cartel there
was a remarkable degree of continuity in the contract used in the Fifth Cartel.

In terms of structure, the contracts also had a clear evolution: A large fraction of the First
Cartel contract described the attributions and tasks of the Nitrate Committee, while at the same
time setting only very general rules for the cartel itself; the Second Cartel contract reads included
rules that were conditional on a satisfactory conclusion of the negotiations and left the regulation
of some aspects of the cartel to a general meeting to be held after the agreement was signed. On
the other hand, all cartel contracts negotiated under the umbrella of the NPA share a common

structure.

2.4 Data and Summary Statistics

We use two main sources of data: All the collusive agreements signed by the nitrate cartels between
1884 and 1909, and a monthly plant-level panel dataset describing the output of each nitrate plant
between 1883 and 1914. Table 2.4.1 describes the location of our main sources.

The cartel contracts were collected from the National Notarial Archives and other sources
located in the National Library of Chile. Figure 2.4.1 presents an example of a cartel contract.

Our output data was compiled from two main contemporaneous sources. The first corresponds
to monthly plant-level industry reports compiled by the Nitrate Agency, which cover the period
1883 to 1909, and include nitrate output, exports, and stocks, in addition to input data. We are

able to collect spreadsheets for 228 months over this period, with 15,804 observations. The second

1870 see the full text of the contracts and their translation go to the Appendixes.
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Figure 2.4.1: Second Cartel Contract

Sources: Chilean National Notarial Archives, Santiago, Chile. Iquique Notaries. Volume 132.
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Table 2.3.3: Evolution of Nitrate Cartel Contracts

Cartel # articles # words  Innovations (new topics) NPA Cartel?

First 14 781* Allocation collusive quotas, cartel governance, No
transfer quotas across plants same owner,
punishment of deviations.
Second 11 775 No
Third 14 1,811 Procedure to set industry-level quota, Yes
accommodation of entry, hiring of inspectors,
small deviation leniency, upper-bounds to output,
update of quotas due to investments,
lower-bound to industry-level quota.
Fourth 22 2,577 Regulation of transition to collusion, Yes

transfer quotas across time for small producers.

Fifth 21 2,224 Yes

Notes: * word count excludes articles exclusively related to organization of Nitrate Committee (trade associ-
ation). Sources: Prepared by authors using cartel contracts. See Section 2.4 for more details on sources and
Appendixes for translation of cartel contracts.

source are plant-level output and export monthly reports produced by the NPA, which cover the
period 1900-1914. In this case, records are available for 21 months before 1900 and for every month
after that year, for a total of 23,518 observations. The merged dataset has a total of 32,623

plant-month observations.

Our quantitative sources were complemented with extensive narrative historical evidence from
the nitrate producers’ internal discussions, contained both in the Quarterly Circulars distributed

by the NPA to its members and the nitrate producers’ meeting minutes (NPA, 1909).

Table 2.4.2 shows summary statistics for the 200 plants in our main dataset. The median
nitrate plant had 245 workers and 89 animals, although there was a significant dispersion. Column
3 shows capacity, which was estimated as the maximum plant-level monthly output observed in any
month of a moving 5-year interval. Column 4 presents the average monthly output, conditional on
plants being active. The industry presents a large amount of excess capacity, with average output

doubling the average monthly output.
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Table 2.4.1: Summary of Data Sources

Data Sources

Prices UK The Economist, Chemical Trade Journal
Prices Chile Nitrate Agency, NPA

Cost parameters Semper et al. (1908)

Plant characteristics ~ Narro (several issues), Boudat (1889)

15t Cartel contract Comité Salitrero (1884)

2nd Cartel contract National Notarial Archives. Iquique Notaries. Volume 132.
3'd Cartel contract National Notarial Archives. Iquique Notaries. Volume 141.
4" Cartel contract NPA (1900)

5th Cartel contract Semper et al. (1908, p. 321)

Table 2.4.2: Summary Statistics: Nitrate Plants

Statistic =~ Workers  Animals  Capacity (tons)  Avg. output (tons)

N 176 178 200 200
Mean 289 103 3,494 1,703
St. Dev. 179 64 2,861 1,239
Min 5 2 30 18

Petl(25) 167 57 1,610.2 932

Median 245 89 2,663.7 1,337
Petl(75) 383 139 4,267.1 2,161
Max 1,038 309 15,647 6,721

Notes: Capacity estimated as maximum monthly observed output in moving period
of five years (observations from year 1896 were dropped). Workers, animals, capac-
ity, and average output correspond to mean monthly values, excluding zero output
observations. Sources: Authors’ calculations using main dataset.
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Table 2.5.1: Cartel Market Shares Allocation Methods

Method Description

Time Mandatory shutdown for predetermined
number of months each year.
Trial Determination of capacity according to output
during a “trial period” after negotiations.
Past-output Determination of capacity based on previously
realized outputs.
Theoretical capacity Determination of capacity based on assessment of theoretical

production capacity by experts.

2.5 Allocation of Cartel Market Shares

The allocation of collusive market shares was the main challenge that nitrate producers faced when
trying to implement stable cartels. In consequence, this was the contractual aspect that received

by far the most attention, as it was explicitly declared by the NPA:19

“The main challenge for a cartel resides in finding an adaptable formula, permanent in
a way, that allows the survival of all the plants through an agreement that limits the
output of each of them in harmony with some general requirements, including those

7

originated by the cartel’s own existence.

In particular, producers hoped to find a way of allocating production under collusion that
ideally: (i) satisfied the incentive compatibility restrictions of all the producers, so that they will
decide to join the cartel; (ii) was perceived as “fair”; (iii) did not introduce additional production
costs (iii); (iv) did not provide incentives for new investments.

Several methods for allocating market shares under collusion were used: direct negotiation of
market shares, the periodic suspension of production for a fixed length of time each year (which will
be referred to as “time-method”), and three methods based on assessing the production capacity of
each plant, which we collectively denominate as “capacity methods”: the trial, past-outputs, and
theoretical capacity methods. Table 2.5.1 and Figure 2.5.1 present a description of the methods
and the cartels when they were used.

Notice that the methods tried by the nitrate producers inherently emphasize only subset of

YNPA (1898a, p. 4)
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Figure 2.5.1: Allocation Methods used by Nitrate Cartels
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their objectives. Thus, using each method presented the producers with a different trade-off. For
instance, the time method generates a perfectly proportional reduction in output across produc-
ers (maximizing the “fairness” objective) and it does not induce investments. However, imposes
additional costs associated to periodical shutdowns and an inefficient scale of production.

Given that the quota-allocation method was the central feature that made each nitrate cartel

unique, next we provide a chronological description of each cartel.

2.5.1 First Cartel: Early theoretical-capacity Method

The First Cartel operated between August of 1884 and the end of 1886. Its beginning is related
to a sharp reduction in nitrate prices due to the end of the War of the Pacific. A general meeting
of producers determined that collusive market share would be based on each plant’s production
capacity, which would be assessed by a committee of producers which would visit each plant shortly
before the start date of the cartel. The committee, however, only had ten days to visit all the
plants in Tarapaca Province, which signals a potentially shallow assessment of each facility (Comité
Salitrero, 1884, p. 20).

The result of this procedure was a generalized exaggeration of each firm’s production capacity.?’

20¢As we all remember in the cartel from 1884 to 1887 all the plants produced following quotas based on the
production capacity estimated by committees of experts and the exaggerations that were incurred caused, among
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For instance, total potential output was estimated as 17,000,000 Spanish quintals when the output
in the previous year had only been 12,000,000 Spanish quintals. As the British consul explained:?!
“The principle over which limitation was agreed on was a percentage of the possible output of each
plant; consequently each plant claimed as large an output as possible.”

Contemporaneous narrative sources emphasize the lack of fairness had very detrimental effects

on the continuity of the cartel and its effectiveness. For instance, Cruchaga (1929, p. 205) claims:

More numerous are the defects due to the bad organization. Among them is the lack
of equity in the estimation of the production capacity of the plants, situation for which
there is substantiated evidence to consider as true and that naturally has brought about
conflict between the associates that want to take advantage of an irregular partition
and those that prefer the destruction of the cartel itself before accepting the lack of

proportionality.

2.5.2 Second Cartel: Time method

After the end of the First Cartel in December of 1886, the industry experience a period of free
competition that lasted for 4 years. By the end of 1890, however, nitrate prices had dropped and
producers started talks in order to form a new cartel. Interestingly, producers decided to use a
different system to allocate collusive market shares: the time method.

The time method, instead of using fixed quotas for each plant, consists on a restriction on the
amount of time each firm could refine nitrate, which was initially set at seven months of the year.
In this manner, producers hoped to achieve a reduction in output perfectly proportional for every
plant in the industry. Figure 2.5.2 illustrates how the system worked in practice for a subset of
plants.

Compared to the earlier theoretical capacity method, the time method imposed some important
trade-offs. Since each firm could produce at full capacity during the same amount of time, the
allocation of production during the cartel was perfectly “fair”. Also, it was not necessary to estimate
production capacities and there was no distortions in the investment decisions. Finally, this method

made monitoring very simple, since it was only necessary to control whether a plant was active

other factors, the posterior disagreement.”NPA (1898a, p. 3).
2L Great Britain (1889, p. 1).
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Figure 2.5.2: Time Method Examples (selected plants)
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or not. However, the system also had important drawbacks. Complete shutdown of production
implied that workers had to be brought back to the plant before resuming activity. Furthermore,
with the time method there was no explicit aggregate production target for the industry.

To counteract the negative consequences of the time method, it was agreed that producers could
opt, after the first year of the cartel, to switch to a fixed quota system.?? Hence, during the second
and third years of this cartel there were some producers using the time method while others had
a fixed quota computed using the past-output method, considering output during the first year of
the cartel as a reference period.??

Table 2.5.2 shows the results of a counterfactual simulation of the production costs the industry
would have had if each plant in the industry produced its observed output in 1891, but with a
constant level of output instead of using the time-method. Results indicate that the additional
costs induced only by the temporal re-allocation of output within plant are very substantial (above

10%). Notice that this computation corresponds to a lower bound of the total costs, since it does

22Brown (1963).
23NPA (1898a, p. 4).
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Figure 2.5.3: Illustration of Time Method Counterfactual (Agua Santa plant)
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Notes: Vertical axis is output in tons. Horizontal axis is time. Counterfactual case assumes that plants produce same
total output during 1891, but that they produce it at a constant level.

not add up shutdown costs.?* Figure 2.5.3 illustrates the re-allocation of output used to compute
the counterfactual costs. Our results are further supported by the fact that in no other posterior

cartel nitrate producers used the time method.

2.5.3 Third Cartel: Trial Method and Menu of Options

After the end of the Second Cartel prices of nitrate of soda experienced a sharp decline. Moreover,
the existence of the NPA provided the industry for the first time with an impartial third party
to lead the negotiations. Nevertheless, negotiations were long and difficult. Several drafts of the
collusive agreement were circulated by the NPA before all producers could agree on a contract.

The organization of the cartel could only be completed by late February of 1896, after 16 months

of negotiations.?®

The complex negotiation process translated into a collusive agreement full of intricacies and

special conditions. In particular, firms could choose how to determine their collusive quotas from

24However, the fact that most plants stopped operating more than once during 1891 signals that shutdown costs

must have not been extremely high.
25NPA (1896b, p. 6)
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Table 2.5.2: Counterfactual Costs Time Method

Observed costs  Counterfactual A Costs (%)
costs

1,831,362 1,617,994 -11.65

Notes: Observed and counterfactual costs based on cost
estimations in Carrera and Titov (2019). Counterfactual
costs are estimated assuming that plants produce same
total output during 1891, but that they produce it at a
constant level.

a menu of options:2%

It was established a reference period, going from July 1 of 1894 until July 1 of 1895.

o Plants that had been active during the reference period could opt to have their quotas set by

the past-output method based on their output on that period.

e Plants that did not want to use the past-output method and new plants could use the trial
method. NPA inspectors would estimate the capacity of each plant according to the output

generated during a trial period lasting 90 days.
« Additionally, some firms decided to negotiate their quotas directly with the NPA board.?”

e Small plants, defined as those with exports smaller than 100,000 Spanish quintals during
the reference period, would have a quota equal to their production on that period. Similarly,
plants with less than 200,000 Spanish quintals of exports during the same period would suffer

only a fraction of the discount suffered by larger plants.

Interestingly, firms seem to have selected a quota allocation method in a non-strategic way.
Figure 2.5.4 suggests that, at least, productivity and size are not systematically correlated to the

method selected.

263ee Article 5 in 2.E. Appendix 2.A presents a list of the quota-allocation methods chosen by the firms.

2"The history of the negotiations between the Lautaro Nitrate Co. (owners of the Lautaro plant) and the NPA
board is illustrative. Lautaro Nitrate Co. initially demanded a quota of 1,200,000 Spanish quintals to join the cartel.
In December of 1895, after the initial demand had been accepted by the NPA, the board of this firm demanded an
even larger quota of 1,500,000 (which would be later lowered to 1,400,000 Spanish quintals). The difference between
the initial and the final demand of the company were finally absorbed as a small discount on the quotas of some other
signatory firms.
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Figure 2.5.4: Selection of Allocation Method in Third Cartel
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Notes: Vertical axis is productivity. Horizontal axis is the initial capacity of each plant. Productivity and initial
productivity values taken from Carrera and Titov (2019).

The trial method generated an incentive for firms to produce an output as large as possible
during the trial period:?®

“Since the distribution of production quotas was to be proportional to the production capacity
estimated by the work of the first three months, many plants were dragged into expanding their
machinery and force production over this period of time, making crazy expenditures.”

Indeed, the NPA had to quickly update its previously estimated industry wide capacity of
44,000,000 Spanish quintals, after the trials were conducted, to over 55,000,000 Spanish quintals.

The surprise expressed by the NPA communications is telling about this respect:2

...and as these figures showed production capacities largely superior to those observed
only months ago, to the extreme of drastically changing the calculations used as refer-
ence during the negotiations of the cartel, the [NPA] board quickly collected the new
data, some of it truly surprising to the more knowledgeable producers of the [Atacamal]

desert, and updated its estimations to predict the export quotas during the first year

28Semper et al. (1908, p. 143)
29NPA (1896c, p. 2).
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Figure 2.5.5: Trial Method Examples (selected plants)
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signature of the cartel contract and the start of collusion.

of the cartel.

One effect of the trial method was that the quotas allocated during the first year of the cartel
were much smaller, as a percentage of capacity, than it was previously expected. Indeed, plants
were supposed to restrict their output to only 35% of their capacity instead of the 50% of capacity
that had be assumed during the negotiation of the agreement. However, since only a fraction of the
firms had used the trial method, firms that had chosen the past-output method instead suffered
the bulk of the reduction.

The problems described above contribute for the Third Cartel to be considered almost instantly
a failure. Instead of the 3 years stipulated on the contract it lasted only for eighteen months, after
an early termination clause was invoked.

Table 2.5.3 presents the counterfactual costs of the plants that used the trial method, assuming
they produce the same output observed during the first year of the Third Cartel, but with a
constant output level instead of using the trial method. Results show that savings of not using the
trial method would have been above 20% of the observed production costs. Notice that this figure

represents a lower bound, since it does not include the value of any additional investments made
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Figure 2.5.6: Illustration of Third Cartel Counterfactual (Agua Santa plant)
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by the firms in order to be prepared for the trial period. Figure 2.5.6 illustrates the re-allocation

of output used to compute the counterfactual costs.

Table 2.5.3: Counterfactual Costs Trial Method

Observed costs  Counterfactual A Costs (%)
costs

1,377,384 1,097,726 -20.3

Notes: Observed and counterfactual costs based on cost
estimations in Carrera and Titov (2019). Counterfactual
costs are estimated assuming that plants produce same
total output during 1891, but that they produce it at a
constant level.

2.5.4 Fourth and Fifth Cartels: Theoretical-capacity Method

Negotiations to resume collusion were started promptly after the collapse of the Third Cartel and

a new agreement was signed in October of 1900.3° The Fourth Cartel included several innovations.

3ONPA (1898b, p. 5)
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The complex menu of options used in the Third Cartel was replaced by a single method for all
the plants in the industry. With only a single exception, direct negotiation was abandoned as a
quota allocation method, and small plants received the same proportional discount in their quotas,

although they were given the chance to roll-over their quotas from one year to the next.3!

The failure of the trial and time methods used in previous cartels motivated the re-introduction
of the theoretical-capacity method in a more sophisticated version than the one used in the First
Cartel.32 The NPA board would assess the production capacity of each plant based on both its re-
fining capacity and the nitrate content of its lands. The resulting estimation of production capacity
would then remain confidential until all producers had signed the agreement. Theoretically, this
procedure would force producers to only focus on the fairness of their plant’s capacity assessment,
instead of negotiating directly for a larger market share. On the other hand, the reputation of
the NPA as a valid third party mediator would not survive if, once the market shares were finally

revealed, they seemed to be arbitrary or unfair.

The Fourth Cartel was contemporaneously regarded as very successful. This is reflected in the
fact that right before the expiration of the Fourth Cartel the nitrate producers agreed on extending

collusion for 3 more years, in what would be the fifth nitrate cartel of this period.

Contractually, the Fifth Cartel was a continuation of the previous agreement and the main
innovations regarding quota allocation were maintained and protected. In particular, when there
was a risk that the negotiations of the new contract would fail, the NPA did not show any flexibility
about the necessity to keep the estimated plant capacities confidential before all the firms signed
the agreement and refused to negotiate directly quotas for the firms that were initially blocking the
signature of the agreement.?®> At the same time, the Antofagasta Nitrate Company lost the special
privilege it had during the Fourth Cartel and its quota was determined by theoretical capacity

instead of by direct negotiation.

31The only company that used direct negotiation was the Antofagasta Nitrate Company, which was the only
company to refine the untreated nitrate ore at a central location (O’Brien, 1980).

32NPA (1898a, p. 4).

33In particular see minutes of the producers’ meetings held on March 26st and 31st of 1906 (NPA, 1909)

105



2.5.5 Comparing Cartel Market Shares Allocation in the Nitrate Cartels

Table 2.5.4 the coefficient of variation of the ratio between the output in a reference period before
the start of the cartel and the quota allocated to each plant in the industry. A higher dispersion of
this ratio means that some plants were suffering a proportionally larger reduction on their output
with respect to the previous competition period. In this comparison the Third Cartel has a much
lower performance with respect to the theoretical-capacity method cartels, which present relatively
similar levels of dispersion.

Table 2.5.4: Market Shares Allocation
in Various Cartels

Cartel Coefficient of Variation

(CV)
First 0.468
Third 1.196
Fourth 0.471

Notes: Coefficient of variation is com-
puted taking the ratio between the
average output in the last year be-
fore the signature of the cartel con-
tract and the monthly quota allo-
cated to the plant. Computation uses
a balanced panel with plants that had
positive output in competitive period
previous to the cartel.

2.6 Other Dimensions of Learning

This section describes other contractual dimensions over which the nitrate producers implemented

innovations to improve cartel organization as they gained experience.

2.6.1 Transition to Collusion

A very acute problem that harmed the effectiveness of earlier cartels was the handling of transition
from free competition to collusion. In the nitrate cartels, once a cartel contract was signed there
would be a period of a few weeks or months before each firms’ output had to be reduced. We

will refer to this period from signature until the effective start of collusion as the transition period.
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Their existence can be explained by the time it would take to conclude the market share allocation
across producers, for the adjustments firms had to make before significantly reducing their output
level, and for the already committed sales made by the colluding firms.

The existence of an unregulated transition period generated incentives detrimental for the suc-
cess of a cartel. Nitrate is a storable commodity, so during the transition period consumers had an
incentive to purchase the product while prices were still low. Thus, producers would be tempted
to to front-load sales, causing a negative externality for the rest of the prod