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Abstract
African elephant populations declined from 1.3 million to approximately 600,000
between 1979 and 1989. In 1989 CITES moved the African elephant from Appendix II to
Appendix I, officially labeling it as a species threatened with extinction and making the
international trading of ivory illegal. Many countries argued that the ban would produce
undesired effects because they were putting money from the ivory trade towards
conservation efforts, and without these funds they would no longer be able to effectively
protect their elephants. In 1997 CITES granted permission of the first of many one-off
international sales of ivory stockpiles. Four African countries were allowed to partake in
the legal selling of their ivory stockpiles—Botswana, Namibia, South Africa, and
Zimbabwe—and these countries are known as the regulated ivory markets of Africa in
this and prior analyses. Here I use a long panel data set with seven observations for year
and 36 countries to evaluate the effectiveness of the 1989 ban and 1997 CITES ruling. I
find that the 1989 ban had a positive overall net effect, in terms of slowing population
loss across the entire continent, but produced undesired effects in certain countries,
specifically the wealthiest and least corrupt. I also find that the 1997 policy had a positive
and statistically significant impact on elephant populations, not only in the four regulated
countries, but also in all of Africa in general. These results suggest that CITES has not
yet reached its optimal benchmark, in terms of elephant conservation, and that allowing
more countries to partake in these legal sales could benefit the elephant populations of
Africa as a whole.
KEYWORDS: (elephants, ivory, poaching, CITES)
JEL CODE: Q2, F1, C1

II

ON MY HONOR, I HAVE NEITHER GIVEN NOR RECEIVED
UNAUTHORIZED AID ON THIS THESIS

Nicolas Garcia-Vicente
Signature

III

TABLE OF CONTENTS
ABSTRACT
1
INTRODUCTION
1.1
Predictions…………………………………………………………
1.2
Approach…………………………………………………………..
1.3
Data………………………………………………………………..

II
1
2
4
4

2

THEORY AND EXISTING LITERATURE
2.1
Literature Review………………………………………………….
2.2
Review of relevant analyses……………………………………….

6
7
9

3

BACKGROUND
3.1
The varied impact of the 1989 CITES ban…………..…………….
3.2
The four regulated markets……………………………….………...

13
13
19

4

ANALYSIS
4.1
Impact of regulated markets: some preliminary regressions………..
4.2
Impact of regulated markets: a
difference-in-differences approach………………………………….
4.3
Shortening the pre-policy period…………………………………….
4.4
Impact of the policy on countries bordering regulated
markets and countries bordering unregulated markets……………….
4.5
Appendix……………………………………………………………...

24
24
26
29

CONCLUSIONS

36

REFERENCES

39

5

IV

31
33

Introduction
Fueled by the demand in many Asian countries along with the United States,
African elephants are being poached at an alarming rate to supply the ivory trade.
Elephants have large tusks made of ivory, which is seen as a luxury good in many
countries where people pay small fortunes to obtain ivory jewelry, trinkets, and piano
keys (Strauss, 2015).
A superficial examination of the data on the evolution of African elephant
populations reveals a discouraging trend that highlights how rapidly they are being
poached to extinction. Scientists believe that the African continent may have held as
many as 20 million elephants prior to European colonization. The first reliable population
data was collected in the 1970s and it is estimated that in 1979 the continent held 1.3
million elephants. In the decade between 1979 and 1989, the African elephant population
more than halved to approximately 600,000 elephants (CITES,1 1989). In the most recent
and most ambitious population census (Great Elephant Census, 2014-2016), the 2016
population was estimated to be fewer than 400,000, with the total population having
dropped by at least 30 percent between 2007 and 2014. This remarkable decline in
population is the basis for analysis in this paper—namely, the extent to which policy
decisions, market institutions, and other variables such as corruption have had an impact
on the evolution of elephant populations.
More specifically, in this study I focus on two policy decisions: first, the 1989
ruling that banned all international trade in ivory, and second, the permission later

The Convention on International Trade in Endangered Species of Wild Fauna and
Flora.
1
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granted to four African nations to establish regulated ivory markets. I explore the extent
to which these decisions had an effect on elephant populations in the relevant countries.

Predictions
This analysis is made possible by a CITES ruling in 1989 moving the elephant
from Appendix II to Appendix I2, making it a species threatened with extinction, and
essentially banning all international trade of ivory. A few African nations—mainly the
wealthiest and less corrupt—argued that they were able to maintain sustainable
populations with the money they were making from the ivory trade, since the funds were
being put towards conservation efforts. On this basis, these countries requested
permission to operate regulated ivory markets. The CITES committee granted this request
to four nations (South Africa, Namibia, Zimbabwe, Botswana) and allowed them to
proceed with a few large, regulated, international sales of ivory. The ban along with the
formation of both unregulated and regulated markets in Africa provides the backdrop for
this analysis.
First, I will explore the impact of the ban. There is a debate among academics and
policy makers as to whether the ban had a positive, negative, or no impact on elephant
population trends. I believe that the ban had a positive effect in some countries and a
negative effect in others.

Appendix I includes species threatened with extinction. Trade in specimens of
these species is permitted only in exceptional circumstances. Appendix II includes
species not necessarily threatened with extinction, but in which trade must be
controlled in order to avoid utilization incompatible with their survival (CITES,
1989).
2
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Second, I hypothesize that the presence of domestic black markets is directly
correlated with high levels of corruption and low GDP per capita, while the presence of a
domestic regulated market is directly correlated with a low level of corruption and high
GDP per capita. Third, I hypothesize that regulated ivory markets have had a beneficial
impact on elephant populations. In analyzing the impact of regulated markets I will have
to account for the fact that countries that ended up operating such markets were not
assigned this role at random. On the contrary, they had a variety of characteristics that
made them ideally suited for this role and that led the relevant authorities to grant them
permission to sell their ivory stockpiles internationally in multiple, one-off sales.
Fourth, factors other than policy decisions and domestic markets likely have had
an impact on the evolution of elephant populations. Corruption and civil conflict likely
have played a pivotal role, as well as proximity to black markets. That is, countries that
border multiple black markets have likely had trouble conserving their elephant
populations due to poachers from neighboring countries killing their elephants. Finally,
factors that may have shifted the supply of ivory, GDP per capita and unemployment
rates in African nations, will be analyzed. As will factors that may have shifted the
demand for ivory, like GDP per capita in countries that heavily demanded products made
from ivory.
The results obtained from the estimated models could have serious policy
implications regarding the debate on market institutions in the trading of not only ivory,
but endangered species in general. They could also provide insights into how supply and
demand factors affect elephant populations. In addition, the results will give a clearer
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picture of the potential role, if any, that corruption and civil conflict have played in the
poaching of elephants.

Approach
To develop a better understanding of these issues, I will approach these problems
using statistical and econometric modeling. The econometric analysis will rely on panel
data methods, including difference-in-differences, in an attempt to create an explanatory
model for the evolution of elephant populations. The model will incorporate some of the
following explanatory variables to explain trends in elephant populations: type of
domestic market (regulated versus unregulated), whether a country is bordering one or
more unregulated markets, CPI (corruption) scores, presence of a civil conflict, GDP per
capita and unemployment rates in African nations, and GDP per capita in the highest
demanding countries.

Data
Elephant population data was taken from the African Elephant Database, which is
maintained by the IUCN SSC African Elephant Specialist Group (AfESG), for all the
years available (1979, 1989, 1995, 1998, 2002, 2007, and 2013) for 36 countries. The
African Elephant Database has been described as “the most comprehensive database on
the conservation status of any single species of mammal in the wild” (Blanc, 2007). I
have compiled data on domestic market type and bordering markets using the CITES
database. Data on the presence of civil conflicts was compiled from a Wikipedia article
entitled ”List of Conflicts in Africa.” Corruption scores were taken from the Corruption
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Perceptions Index compiled by the Transparency International Organization. The
remaining data (GDP, unemployment, and Gini coefficients) was taken from World Bank
data sources.
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Theory and Existing Literature
The best way to evaluate the effectiveness of the CITES rulings, and the impact of
the resulting ivory markets, would be to compare the number of carcasses found without
tusks before and after the ban was put in place. Unfortunately, such data is not available
for any African country. It was not until 2003 that field researchers began to collect
elephant poaching data (Hsiang and Sekar, 2016). As a result, researchers have pursued a
number of alternative evaluative strategies: economic modeling of the ban’s likely
effects, analyses of ivory seizures, observational studies of ivory markets, detailed case
studies of particular countries and longitudinal analyses of elephant population data
(Stiles, 2004). Economists, scientists, politicians, and researchers from a wide variety of
fields have contributed to the discussion regarding the effectiveness of the CITES ban,
but many contributions have been purely theoretical. Only a handful of the available
studies are empirically grounded.
This chapter will begin with a broader examination of relevant theory, and then
will shift towards a more detailed analysis of four papers that are vital to understanding
the approach implemented in this study. The four papers are Khanna and Harford (1996),
Hsiang and Sekar (2016), Stiles (2004), and Lemieux and Clarke (2009). The first
examines the effects the ban had on the incentives of producer and consumer states. The
second evaluates the effects of relaxing trade bans on illegal goods by using poaching
data available before and after a one-time legal sale of ivory stocks in 2008. The third is
an analysis of the effects of the CITES ban on ivory prices and elephant populations
across African regions. Finally, the last compares pre and post-ban elephant populations
by country in 1979, 1989, and 2007.
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Literature Review
For centuries, humans have hunted elephants to sustain the demands of everyday
life—shelter, food, clothing, and territory. It was not until relatively recent, shortly after
the beginning of the 20th century, that the ivory trade came to be. Wealthy individuals all
over the world, and especially in the West, developed a taste for ivory products, and ivory
quickly became a luxury good and status symbol. “In the early 1900s, shooting an
elephant on safari was the height of manliness for wealthy Westerners” (Larson, 2013).
As the world acquired an appetite for ivory, elephant populations were decimated in the
years leading up to the CITES ban. Although many Westerners began to realize the
devastating consequences of the trade, their efforts to consume more responsibly were
countered by increased demand in Asia. Today, the demand for ivory in Asia is so high,
that a single decorated (painted and/or carved) tusk can sell in the Chinese market for
over 100,000 USD (Davidson, Ladkani, Kohler, Knöpfler, 2016). While many people
argue that Asian demand is to blame for the elephant crisis, others point to the market
institutions of Africa as the root of the problem. The vast majority of people agree that
there is value, aesthetic and economic, to saving elephants from extinction, but it appears
to be considerably more difficult to agree on conservation policies.
Conservationists have shifted from the complete abolition of the ivory trade—a
ban on all international trade and burning of remaining stockpiles—to a proposal more
open to regulation. Many conservation groups now support putting a value on ecosystems
and endangered species (Monbiot, 2013). Putting a value on ecosystems and animals is
controversial, and as a result, the debate as to whether or not the ivory trade should be
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legal and closely regulated, or completely illegal, rages between economists, scientists,
conservationists, and government officials.
Many African governments firmly believe that the legal ivory trade would benefit
the respective nations and elephant populations. Earlier this year, the government of
Swaziland sent a document to CITES in which they called the burning of ivory stockpiles
“extravagantly wasteful destruction” and accused western NGOs of compromising
Africa’s wildlife by blocking the legalization of the ivory and rhino horn trades. They
called the CITES trade ban a “failed policy” and claimed that the only way to fight the
poaching gangs was to sustainably manage stocks of elephant and rhino (Mathiesen,
2016). While Swaziland has support from quite a few other nations, there is staunch
opposition too.
In 1989, the president of Kenya, Daniel arap Moi, burned the country’s 12-ton
stockpile of ivory. Cabinet ministers, diplomats, white farmers from the highlands and
conservationists came out to show support. Since then, 20 countries have voluntarily
burned their ivory stockpiles. The events are intended to deter consumers from
purchasing ivory, ''To stop the poacher, the trader must be also be stopped and to stop the
trader, the final buyer must be convinced not to buy ivory” (Perlez, 1989). The burning of
ivory stockpiles is a topic of heated debate; the opposition argues that these stockpiles
could be used to supply the demand for ivory, and thus replace some of the need for
poaching.
In a report published earlier this year in Science, biologist David Lusseau claims
that legalizing ivory trade will not, in fact, save elephants. The report used a harvest
model developed to estimate sustainable ivory yield from elephants. The study concludes
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that African elephants grow and reproduce too slowly, and even in the best-case scenario,
the sustainable yield is well below the current demand (Lusseau, 2016).
Review of relevant analyses
Khanna and Harford (1996) examine the effects the ban had on the incentives of
producer and consumer states. The authors argue that “an analysis of the incentives of the
different players can provide an answer to how a ban on trade in products of these species
will affect the enforcement of the ban in different countries” (Khanna and Harford, 1996,
149). They set up models for three different countries--two producers and one consumer
country. The first of the producer countries attaches a relatively low value to the nonconsumptive use of its resource (because of a stable elephant population), whereas the
second producer country attaches a high value to the non-consumptive use of its resource.
The authors find that while the CITES ban has been effective in some countries, there are
externalities holding it back from being effective across all of Africa. Their conclusions
highlight that the cost of elephant conservation cannot continue to be sustained by many
governments without the revenue they received from the ivory trade. The only source of
revenue after the ban comes from tourism, which the authors conclude is not sufficient in
many countries. Another issue is the potential for legal ivory to provide a cover for illegal
ivory.3 Their conclusions suggest that regulation must be supplemented by incentives: “to

Earlier this year, scientists used carbon dating on ivory for the first time to incriminate
multiple ivory traders, all of which claimed that the ivory in their possession was poached
in pre-ban years, and was thus legal. The scientists were able to prove that the ivory was
taken from elephants poached in recent years (much after the ban), thus proving the
accused were guilty of trading illegal ivory. These court rulings were a big step in the
right direction, in that they highlighted the first reliable method for ensuring that legal
ivory does not provide a cover for illegal ivory. Unfortunately, carbon dating is less likely
to be applied in Africa, where many seizures are being made but funds and technical
expertise are lacking (Nuwer, 2016).
3
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preserve these species there has to be a mechanism of payments from the consumers to
the 'producer' nations to increase enforcement efforts against illegal killings” (Khanna
and Harford, 1996).
Hsiang and Sekar (2016) address the widely-held view that relaxing trade bans in
illegal goods allows legal supplies to competitively displace illegal supplies. Using
poaching data to examine the effects of a one-time legal sale of ivory stocks in 2008, the
authors find that “the sale corresponds with an abrupt ~66% increase in illegal ivory
production across two continents, and a possible ten-fold increase in its positive trend. An
estimated ~71% increase in ivory smuggling out of Africa corroborates this finding”
(Hsiang and Sekar, 2016). Their findings contradict the competitive displacement
hypothesis. First, the hypothesis does not account for changes in producer costs; the
influx of ivory into the global market makes it easier for poachers to launder illegal ivory
into the market. Second, it fails to consider the change in consumer demand. More
specifically, demand increases due to a decreased risk of penalty for consumption and/or
a change in social norms, which lighten the stigma of consuming the good. These effects,
induced by legal sales, can combine to have larger effects than displacement of illegal
production in some global black markets. This study implies that partial legalization may
not actually reduce black market activity, and provides vital insights as to how the
regulated and unregulated markets to be analyzed in this paper interact.
Stiles (2004) examines the effect of the CITES ban on ivory prices and elephant
populations by African region. He posed as an ivory buyer to collect data on the number
of outlets selling ivory, the number of carvers employed, the price of ivory and the
number of pieces for sale. He found that since the CITES ban some markets have been in
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decline, while others have actually been growing. For the second part of this study, Stiles
examined the change in elephant populations throughout regions of Africa. He ran a
longitudinal analysis of population data and found that the ban had a positive effect in
Southern and Eastern Africa, but that elephant populations continued to decrease in
Central and West Africa after the ban. In his conclusion, he argued that the countries that
continued to lose elephants were those with unregulated domestic markets.
Lemieux and Clarke (2009) build on and enhance the analysis performed by Stiles
(2004). The authors use pre and post-ban population data by country, rather than region,
to examine the effects of the ban on individual countries. The analysis carried out in this
paper draws on Lemieux and Clarke (2009), which systematically examines post-ban
losses in light of the presence of a regulated4 or unregulated market, the number of
bordering unregulated markets, the degree of corruption and whether the country was
involved in a civil war. The authors sum up their main two findings “(1) countries with
unregulated markets were more likely to lose elephants during the post-ban period and
(2) 75 per cent of total elephant losses came from five countries, all of which bordered
three or more unregulated ivory markets” (Lemieux and Clarke, 2009). They also find
that corruption and civil war are correlated with a decrease in elephant populations.
Lemieux and Clarke’s model, in addition to Stiles’, provide an excellent
background for this paper’s analysis, and their results paved the way for the formulation
of the hypotheses mentioned in the first chapter. Hsiang and Sekar (2016) examined the
effects of a 2008 one-off international sale of ivory stockpiles, whereas I will analyze the

The four regulated markets referred to in this paper are defined as the countries to
which CITES approved one or multiple international, regulated sales of large,
domestic ivory stockpiles in years after the ban.
4
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impact of the 1997 ruling, which allowed for the ensuing sales to take place. This paper
will build on these four analyses with a much richer data set. In addition to some extra
explanatory variables—supply factors (GDP per capita and unemployment rates in
African nations) and demand factors (GDP per capita in the highest demanding
nations)—the data set used in this paper was constructed for a panel data analysis.
Lemieux and Clarke use population data for three years and a single observation per
country for their explanatory variables to perform a cross-sectional analysis. I have
included population data for all seven years for which it is available from 1979 to 2013.
In addition, my analysis includes seven observations per country for all of the
explanatory variables. I have collected corruption scores, GDP per capita, unemployment
rates, and Gini coefficients for all seven years, whereas Lemieux and Clarke used one
observation per country for corruption scores—2007 CPI scores. They also used one
observation per country for presence of a civil conflict, which was marked ‘yes’ if the
country had had any civil conflicts between 1989 and 2007. Once again, my data set has
seven observations per country for the presence of a civil conflict. This richer data set
will allow for a more in-depth analysis and the formulation of a model that is more
precise and ultimately does a better job at explaining population trends.

12

Background
In this section I examine the evolution of elephant populations in Africa before
and after the ban. Figure 1 shows trends in elephant populations over time for countries
that eventually became regulated markets, countries that became unregulated markets,
and a combination of the latter along with countries that have no domestic market.
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Figure 1. Average elephant populations, 1979-2013:
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The varied impact of the 1989 CITES ban
The decline from 1.3 million to 600,000 elephants between 1979 and 1989
brought about the CITES ruling to move the African elephant from Appendix II to
Appendix I. The decimation of African elephant populations in this decade was not
evenly distributed among African countries. Fourteen countries actually experienced an
increase in elephant populations from 1979 to 1989. On the opposite end of the spectrum,
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Democratic Republic of the Congo (DRC), Tanzania, Sudan, and Zambia, accounted for
approximately 82 percent of the continent’s population decline in the same decade. Table
1 illustrates the elephant population trends of all countries in the decade prior to the ban.
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Table 2 shows elephant population trends of all countries prior to the ban, but
with an additional column for 1989 corruption scores. This table is ordered by corruption
scores—least corrupt countries at the top and most corrupt at the bottom.
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This table illustrates an obvious trend. The most corrupt countries lost large numbers of
elephants prior to the ban, while the least corrupt countries either gained elephants or lost
a relatively small number of elephants. The five most corrupt countries lost an average of
90,576 elephants in the decade prior to the ban, while the five least corrupt countries
gained an average of 6,244 elephants in the same decade.
Table 3 compares elephant population trends in the ten most corrupt and the ten
least corrupt countries5 in the decade before the ban and the window of time immediately
after the ban, 1989-1995. As the relevant theory would suggest, we expect to observe that
the ban had a much larger, positive effect on the most corrupt countries than the least
corrupt countries, and this is indeed the case.

The ten most corrupt countries were losing 3,879 elephants per year, on average, prior to
the ban. This figure decreased to fewer than 1,000 elephants immediately after the ban.
However, the ban had a slightly negative effect on the ten least corrupt countries. These
countries were gaining 935 elephants per year, on average, prior to the ban, and this
number dropped to just 725 elephants after the ban. Tables 2 and 3 support the hypothesis
that corruption has a significant impact on elephant populations.
Tables 4 and 5 are similar to Tables 2 and 3; only they focus on GDP per capita
rather than corruption scores. Table 4 shows elephant population trends of all countries
5

Based on 1989 CPI scores.
16

prior to the ban, with an additional column for 1989 GDP per capita. This table is ordered
by 1989 GDP per capita—wealthiest countries at the top and poorest countries at the
bottom.
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This table illustrates a trend similar to that of Table 2. The wealthiest countries were
gaining elephants prior to the ban, while the poorest countries were losing elephants. The
five poorest countries lost an average of 58,576 elephants, while the five wealthiest
countries gained an average of 31,100 elephants in the same decade.
Table 5 compares elephant population trends in the ten wealthiest and the ten
poorest countries in the decade before the ban and the window of time immediately after
the ban, 1989-1995. Similar to Table 3, Table 5 illustrates that the ban had a much larger,
positive effect on the poorest countries than the wealthiest countries.

The ten poorest countries were losing almost 3,000 elephants per year before the
ban, which turned into an average annual increase of 84 elephants immediately after the
ban. The ban had the opposite effect on the ten wealthiest countries. These countries were
gaining 1,728 elephants per year before the ban, but this trend decreased by a magnitude
of about three to just 601 elephants after the ban. The fact that the ban had such a large,
negative impact on wealthy countries is especially interesting, and it supports the
argument in opposition to the ban. Tables 4 and 5 support the hypothesis that GDP per
capita has had a substantial impact on the evolution of elephant populations.
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Table 6 compares elephant population trends of the four regulated countries and
the ten unregulated countries6 before the ban, 1979-1989, and immediately after the ban,
1989-1995.

The four regulated countries experienced an average annual increase of 1,168 elephants
prior to the ban, and this number increased by a magnitude of about three to over 3,000
elephants in the years immediately following the ban. A slightly greater effect was
observed in the ten unregulated countries. These countries had been experiencing an
average annual loss of 4,333 elephants prior to the ban, and this number decreased by a
magnitude of about four to just over 1,000 elephants after the ban.
The four regulated markets
With fourteen countries seeing increasing elephant populations in the decade prior
to the CITES ruling, it was natural to expect controversy when CITES issued the ban on
the international trade of ivory. Many of these countries argued that the money they were
receiving from the ivory trade was being put towards conservation efforts, and that this
was precisely the reason they had been able to maintain or even increase their elephant
populations. CITES found this argument to be valid and moved the elephant populations
of four countries—Botswana, Namibia, South Africa, and Zimbabwe—from Appendix I
to Appendix II. This meant that these four countries were once again allowed to sell their
Note that these countries did not establish regulated or unregulated ivory markets
until after the ban.
6
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ivory stockpiles internationally, but under heavy restrictions and close examination by
CITES.
These countries would be allowed to sell their ivory stockpiles in multiple one-off
sales, starting in 1999. CITES would monitor the sales and decide how many tons of
ivory each country could sell, and to which consumer countries the ivory could be sold.
In a press release given prior to the first one-off sale, former Secretary-General of CITES,
Mr. Willem Wijnstekers, summarized the restrictions of the sale as follows:
“All the proceeds of the sale are to be used exclusively for elephant conservation and
local communities living side-by-side with elephants. The Secretariat will closely
supervise this sale and evaluate its impact on elephant population levels throughout
Africa. Legal sales of ivory derive from existing stocks gathered from elephants that have
died as a result of natural causes or from problem-animal control” (CITES, 1997).
Table 7 illustrates where the four regulated countries ranked among all African
nations in terms of corruption and wealth. A rank of 1 under ‘CPI Rank’ means that that
country was the least corrupt nation in 1989. Similarly, a rank of 1 under ‘GDP per capita
Rank’ means that that country was the wealthiest nation in 1989. The last column
illustrates how each country performed, in terms of elephant conservation, after the ban.

Table 7 supports the hypothesis that the presence of a domestic regulated market
is directly correlated with a low level of corruption and high GDP per capita. In other
words, CITES did not choose these four countries at random. Botswana, Namibia, and
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South Africa were the three least corrupt countries, and were also among the four
wealthiest countries in Africa at the time. They performed similarly after the CITES
ruling and were able to increase their elephant populations at a steady rate. Thus, it is
easy to see why CITES chose these three countries to be the regulated ivory markets of
Africa.
It is more difficult to understand why CITES chose Zimbabwe to be the fourth
regulated ivory market of Africa. Zimbabwe has a GDP per capita Rank of 10, and a
corruption score that falls at about the median for all the African countries. Why would
CITES choose Zimbabwe, a country with relatively less wealth and a much less reputable
government, to be one of the four regulated ivory markets of Africa? One explanation is
that Zimbabwe was indeed maintaining a healthy and prospering elephant population
prior to the CITES ruling and the first one-off sale. In addition, it is known that part of
the purpose of these one-off sales was experimental, for CITES to examine the effects
that regulated markets had on elephant populations. Thus, it is possible that CITES
intended to compare the impact of sales by Botswana, Namibia, and South Africa, on the
one hand, with those by Zimbabwe. Put differently, it is possible that CITES allowed
Zimbabwe to function as a regulated market precisely to determine whether this was
feasible for a country that was not among the wealthiest and least corrupt countries in
Africa. While Zimbabwe did not perform as well as the other three regulated markets, the
country still managed to increase its elephant population by 58 percent between 1989 and
2013. A wide variety of factors could have affected population trends in the 24-year span
after the ban was implemented. A better way to interpret the effects of the ban on these
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four countries is to narrow in on a smaller window of years after the ban, as I did in
Tables 3,5, and 6.
Table 8 breaks the four regulated countries into two groups—the first is made up
of Botswana, Namibia, and South Africa, which all rank among the wealthiest and least
corrupt African countries, and the second is made up of Zimbabwe, which better
represents an average African country in terms of corruption and wealth.

The ban had a positive effect on all four countries, but had a considerably larger
effect on Zimbabwe. The first three countries had been experiencing an average annual
increase of 1,123 elephants prior to the ban, which almost doubled to over 2,000
elephants after the ban. Zimbabwe had been experiencing a similar annual increase of
1,300 elephants prior to the ban, but this trend increased by a magnitude of about five
after the ban. The fact that the CITES ban had a larger effect on Zimbabwe than on the
other three countries makes sense. While the ban was meant to benefit all African
countries, some countries stood to gain more from the ban than others. These were the
countries with less rigorous elephant conservation efforts—countries with generally more
corruption and less wealth. This would explain why the countries that opposed the ban
were some of the wealthiest and least corrupt in Africa. They had relatively less to gain
from the ban, and they did not feel it would be enough to compensate for the money they
would forego due to the ban on the international trade of ivory.
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CITES recognized that these four Southern African countries had healthy, wellmanaged elephant populations and thus allowed them to continue acting as the only
regulated ivory markets in Africa in 1997, although the first legal sale did not take place
until 1999. Table 9 shows the trends of these four elephant populations leading up to the
first one-off international sale of ivory.

This chapter highlighted the issue of endogeneity. The regulated markets were not
selected by CITES at random, since three of them are among the wealthiest and least
corrupt countries in Africa. Thus, instrumental variable techniques will be used to
disentangle the effects of the variables at play, and to give us a firm understanding of
how the CITES ruling and the formation of regulated and unregulated markets have
affected elephant populations.
The findings in this chapter raise another issue. The analysis will involve
difference-in-differences estimation (DID), but DID estimation assumes that trends in
elephant populations were roughly the same across countries before the policy—that is,
before the designation of some countries as regulated markets. Figure 1 illustrates that
this is not the case, and the DID estimation will need to take this into account.
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Analysis
In this chapter, a variety of models are used to better understand the impact of the
CITES ban, legal sales, and other explanatory variables on elephant populations. The
approach, techniques, and data used to develop various statistical and econometric
models will be explained in detail.
Impact of regulated markets: some preliminary regressions
Table 10 presents the results from estimating four different models. Column (1)
refers to a simple Ordinary Least Squares model (OLS) in which the natural logarithm of
the elephant population is regressed on a binary variable for the regulated countries. Put
differently, the REGULATED binary variable takes on the value 1 for each one of the
regulated countries (in all years), and the value 0 otherwise.
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The estimated coefficient (3.076) is a measure of how many more elephants the
regulated countries had, on average, relative to all other countries, with the average
calculated over the full period covered by our panel.7 Column (1) suggests that the four
regulated countries had considerably more elephants than the rest of the countries.
There are two reasons why this estimated coefficient cannot be interpreted as the
impact of being regulated on elephant populations. First, it was not until 1997, when
CITES approved the one-off international ivory sales, that these regulated markets came
to be. Second, we know that these regulated markets were not chosen by CITES at
random. These countries had some characteristics that made them ideally suited to
operate regulated markets—they scored very high on corruption scores, and were among
the wealthiest in the continent.
Columns (2), (3), and (4) report models in which I use instrumental variables to
deal with the fact that these countries were not randomly assigned to become regulated.
In column (2) I use corruption scores as an instrument for REGULATED, in column (3) I
use per capita income, and in column (4) I use both. Although these models are extremely
simple, they show one fact: a large portion of the REGULATED effect is derived from
the “good qualities” of the countries in question. In other words, the regulated countries
would have had more elephants than the rest even if they had not become regulated
countries. For example, in column (4) the coefficient is 2.25, much lower than the 3.07
estimated in column (1).
The estimated coefficients in this chapter are approximations and should not be
taken at face value. Since I am regressing on the natural logarithm of elephant
population, the real value of these coefficients would be found using the formula
e^(coefficient)-1. The real values would be extremely large and would overestimate
the actual impact of the variables being examined. What is important is the sign of
these estimated coefficients and that they are significant.
7
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In any case, the right approach to estimate the impact of the policy (the
designation of the four countries as regulated) is a difference in differences (DID)
approach, which compares elephant population trends after the policy to trends before the
policy. The DID approach will be the subject of attention in the next section.8
Impact of regulated markets: a difference-in-differences approach
The basic idea behind the difference-in-differences approach is that it is not
enough to look at the variable of interest, elephant populations, before and after the
policy in the countries affected by the policy. A control for other factors that may have
changed at the same time that the policy was implemented is needed. The way we control
for these factors is by looking at the variable of interest in countries in which the policy
was not implemented.
In other words, a simplistic approach would compare the elephant population
before and after the policy in the countries affected by the policy. The difference-indifferences approach looks at this differential but then compares it with the analogous
differential in countries not affected by the policy. That explains the origin of the name—
we are calculating a difference in the relevant differences. Table 11 presents the results
from estimating 5 difference-in-differences models.

The approach is explained in J. Angrist and J. S. Pischke, Mastering ‘Metrics
(Princeton: Princeton University Press, 2015), chapter 5.
8
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Column (1) refers to a simple difference-in-differences (DID) model in which the
natural logarithm of the elephant population is regressed on a binary variable for the
regulated countries (REGU), a binary variable for the post-policy period
(YEAR_REGU), and an interaction of the two (REGU_YEAR_REGU). The estimated
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coefficient on REGU_YEAR_REGU (2.31) is a measure of the causal effect of the
policy. That is, it measures the net percentage gain in elephants that the regulated
countries experienced as a result of the policy—net of the change in elephant populations
that happened in countries where the policy was not implemented.
Column (2) refers to a model that is essentially the same as in Column (1), but
with additional explanatory variables included. The estimated coefficients on the dummy
variables change a bit, and the estimated coefficient on the interaction term (2.20)
decreases and remains significant. While some of the added explanatory variables have
estimated coefficients with the expected sign—natural logarithm of per capita income is
positive, natural logarithm of China’s per capita income (measure of demand) is negative,
and presence of a civil conflict is negative. None of the added variables are significant
and corruption scores and unemployment actually have the wrong signs.
Column (3) refers to the same model as in Column (1), but with an added
interaction term, which accounts for different trends before the policy between regulated
countries and all other countries. The DID approach usually assumes that trends in the
outcome variable before the policy are roughly similar. Whether this holds in this case is
debatable. In the years immediately before the policy, elephant populations had been
declining in both the regulated and unregulated countries (see Figure 1). In the long run,
however, there was an increasing trend in the regulated countries and a decreasing trend
in the unregulated ones. In any case, once I allow for differential trends, the estimated
coefficient on the causal effect of the policy (2.64) increases and remains significant.
Column (4) refers to a fixed effects model, similar to the model in Column (1) but
with fixed effects for each year and country. Fixed effects control for unobserved effects
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in each country and year. The estimated coefficient on the causal effect (2.15) is the
lowest among these five models.
Column (5) refers to the same fixed effects model in column (4) with the added
interaction term to account for differential trends in the regulated and unregulated
countries. In a sense, this is the most complete model for estimating the causal effect of
regulated markets, and the estimated coefficient of the causal effect (3.36) is the highest
among these five models. This is a remarkably large effect.
An examination of Figure 1 shows what appears to be driving these large
estimated effects of the policy. In the years immediately before the policy there was a
decline in elephant populations in both the regulated and unregulated countries. After the
policy, however, elephant populations in regulated countries went up rapidly, whereas in
unregulated and other countries they continued to decline. The models attribute this
important discrepancy to the policy.
Shortening the pre-policy period
Table 12 displays the results from estimating two difference-in-difference models.
The difference between these models and the models in Table 18 is that I shortened the
pre-policy period. In other words, I use a regression sample starting in 1995. This
decision is based on Figure 1, in which there is a clear deviation from an otherwise steady
path for regulated elephant populations in the years leading up to the first sale, 19951998.
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Column (1) refers to the same regression as in Column (3) of Table 11, only it
incorporates the shortened pre-policy period. The interaction term accounts for different
trends before the policy between regulated countries and all other countries. The
estimated coefficient on REGULATED_YEAR_REGULATED (1.68), the causal effect,
is significant and is considerably lower than any of the estimates in Table 11.
Column (2) refers to the same regression as in Column (5) of Table 11, the only
difference being the regression sample starts in 1995. This model uses fixed effects for
each year and country and accounts for differential trends in the regulated and
unregulated countries. The estimated coefficient of the causal effect (1.65) is significant
and very similar to that of Column (1). It is plausible that these coefficients do a better
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job at estimating the impact of the policy, and that the coefficients in Table 11
overestimate the impact of the policy.
Impact of the policy on countries bordering regulated markets and countries bordering
unregulated markets
The final table in this analysis, Table 13, displays the results from estimating four
difference-in-difference models. These models are designed to estimate the impact of the
policy on countries that border regulated markets and countries that border unregulated
markets.
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Given that the four regulated markets all border each other, and many of the
unregulated markets are also neighbors, I must be careful in conducting this analysis.
Thus, I examine countries with no market, regulated or unregulated, that border either
regulated or unregulated markets. There are four countries with no market that border
regulated markets, and nineteen countries with no market that border unregulated
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markets. The purpose of this analysis is to determine whether the policy had any impact
on countries that were close to those that were directly affected by the policy.
Column (1) refers to a simple difference-in-differences (DID) model in which the
natural logarithm of the elephant population is regressed on a binary variable for
bordering regulated countries (BORDERING_REGU), a binary variable for the postpolicy period (YEAR_REGU), and an interaction of the two
(BORDERING_REGU_YR_REGU). Column (2) refers to the same model but with fixed
effects for each year and country. Columns (3) and (4) refer to the same models,
respectively, but with a binary variable for bordering unregulated markets. The causal
effect did not turn out to be significant in any of these models. Interestingly enough, two
of the explanatory variables—natural logarithm of per capita income and natural
logarithm of China’s per capita income—turned out to be significant in Columns (1) and
(3). In both cases, the estimated coefficient on per capita income has a positive sign and
the estimated coefficient on China’s per capita income has a negative sign, which is what
one would expect.
Appendix
The difference-in-differences approach recognizes that in the absence of random
assignment—the regulated countries not being chosen at random—elephant populations
in these countries before the ban and legal sales were likely to differ from elephant
populations in all other countries for many reasons. This is certainly the case, as we
pointed out that the four regulated countries had on average over 300 percent more
elephants than all other countries.
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If the population trends of these two groups were parallel leading up to the ban
and legal sales, then a deviation from this path in post-ban and sale years would indicate
a treatment effect. This is not necessarily the case here, especially in the long run, as we
know that the four regulated countries were gaining elephants prior to the ban and sales,
while the majority of the other countries were losing elephants. Fortunately, many
observations for year and country make for a long-panel that allows us to relax the
common trends assumption. The panel controls for fixed differences between countries
and years, and allows for a degree of nonparallel evolution of elephant populations before
the ban and sales. With all these factors are accounted for, evidence of ban and sale
effects comes from sharp deviations from otherwise smooth trends, even when the trends
are not common.
The long-panel raises the issue of serial correlation between countries and years—
a single country’s elephant population in 1995 is likely similar to its elephant population
in 1998, and a country that is losing elephants in 1995 is also likely to be losing elephants
in 1998. This leads to serially correlated residuals. We use clustered standard errors to
account for this serial correlation.
Elephant populations for Guinea Bissau (1979), Eritrea (1979 and 1989), and
Sudan (2013) were left blank in the African Elephant Database and have been excluded
from the analysis. Presence of a civil conflict was compiled as follows. Take the median
years between the seven years in this analysis (1984 for 1979-1989, 1992 for 1989-1995,
etc.)9. If a had a conflict, war, or insurgency in the second half of years prior to that year
then that country was marked as having had a civil conflict in that year. For example, if a

9

The cutoff for 1979 was 1974.
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country had a conflict between 1984 and 1989, then they were reported as having had a
civil conflict in 1989. GDP per capita is measured in current US dollars and was missing
for the DRC (1979 and 1989), Tanzania (1979), Mozambique (1979), Angola (1979),
Guinea (1979), Namibia (1979), Ethiopia (1979), and Eritrea (1979, 1989, and 2013).
Since there was little variation for GDP per capita in these countries over the years,
imputations were made using the next available year. For example, Mozambique’s 1979
GDP per capita was imputed using their 1980 GDP per capita. Ideally, PPP GDP per
capita would have been used, but the data did not go back far enough in time for the
majority of countries in this analysis. Corruption scores were available for all countries in
2007 and 2013, but every country was missing at least one value in prior years. There
was little variation for corruption scores from year to year, so imputations were made by
taking the average of available scores.10

In 2012, the CPI index changed from 1-10 to 1-100. Adjustments were made to
account for this change.
10
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Conclusions
In this chapter I discuss the two main conclusions that I draw from this analysis,
and whether or not they coincide with the conclusions drawn by Lemieux and Clarke
(2009) and Hsiang and Sekar (2016). I also give suggestions for future research and
discuss how this analysis could be enhanced. Lastly, I suggest some policy
recommendations based on the evidence supporting these conclusions.
My first conclusion is that the 1989 international trade ban on ivory had different
effects on different groups of countries. The ban had a positive overall net effect on
African elephant populations, in terms of slowing the rate of population decline for the
entire continent, but the impact of the ban varied widely from country to country. As
illustrated in Tables 15 and 16, the ban achieved the desired results in countries that had a
loose grip on conservation efforts—the poorest and most corrupt countries—but actually
had the opposite effect on the wealthiest and least corrupt countries. CITES had the right
intentions, but as many officials argued, the ban produced undesired results in some
countries. Lemieux and Clarke (2009) point out that countries with unregulated ivory
markets lost the most elephants in post-ban years, that five countries that bordered
multiple unregulated ivory markets accounted for the majority of the continent’s elephant
population loss, and that presence of a civil conflict and corruption scores have a
significant impact on elephant population trends. My analysis builds on theirs with a
richer data set with observations for seven years rather than three. Their only observation
for post-ban years is in 2007, eighteen years after the CITES ruling. An examination of
the immediate impact of the ban, 1989-1995, provides a better understanding of its
impact by controlling for other factors that could have affected elephant populations in
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the eighteen-year span. While the estimated coefficients on corruption score, civil
conflict, and bordering regulated/unregulated markets are insignificant in my models, I
recognize that corruption levels play a serious role on a country’s conservation efforts
and ability to operate a regulated market. This leads to my next conclusion regarding
CITES’ approval of four countries’ request to carry out one-off international sales of
ivory stockpiles.
In all of my models, the 1997 CITES ruling has a significant, positive effect on
elephant populations in the countries where the policy was implemented. Further, not
only did this policy benefit the four regulated counties, but my results suggest that it
benefitted the elephant populations of Africa in general. Figure 1 and the difference-indifference models in the analysis chapter support these findings. This conclusion does not
coincide with the findings of Hsiang and Sekar (2016). They analyze the impacts of a
one-off international sale of ivory in 2008, and find that the sale resulted in an abrupt but
significant increase in illegal poaching and ivory smuggling throughout Africa. While my
analysis looks at a different sale entirely and does not involve poaching and smuggling
data, I find that the first one-off sale had a positive impact on African elephant
populations, whereas Hsiang and Sekar (2016) find that the 2008 one-off sale had the
opposite effect. Perhaps future literature and analyses on this topic could examine the
impact of each individual one-off sale. That is, the analysis that I have carried out could
be enhanced using the same difference-in-differences approach for each international sale
of ivory. It would be interesting to see if there is a consistent trend arising from these
sales.
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Finally, my findings suggest that CITES has not yet reached its optimal
benchmark in terms of elephant conservation. CITES’s designation of four countries as
regulated ivory markets has proven to have a positive effect on elephant populations, so I
suggest that CITES allow more countries to partake in the legal international sales of
ivory. I believe that a large part of the effectiveness of these sales is due to CITES’s
ability to closely monitor and regulate them. Thus, if CITES were to approve more
countries to partake in these sales, I would suggest that they do it using a marginal
approach. That is, CITES could allow one to two more countries to sell their stockpiles
internationally, and then examine the effects of these sales in the following years before
approving more countries. The more countries involved in these sales, the harder it is to
monitor and regulate them. CITES should continue to allow more countries to partake in
these sales until the benefits have been exhausted. That is, I believe that the observable
benefits of each additional country approved for these sales would increase at a
decreasing rate, and eventually CITES would reach an optimal point where approving
one more country would actually have a negative effect on elephant populations. I would
recommend that the approved countries meet a certain standard, in terms of corruption
and wealth. There is evidence that the wealthiest and least corrupt countries are best
suited to operate as regulated markets. The fact that Zimbabwe, a much more average
African country in terms of corruption and wealth, has been able to successfully operate a
regulated ivory market provides hope that even countries not among the wealthiest and
least corrupt could benefit from regulated ivory markets. A CITES approval of future
one-off sales for a country other than the four that are already regulated would provide a
solid backdrop for future research.
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