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1 Introduction

Back in 1991, the Soviet Union broke up into fifteen of its constituent re-
publics. Immediately after, wars of secession broke out in three of these
newly independent states: Azerbaijan, Georgia, and Moldova. Secessionists,
consisting of minority ethnic groups in each republic, succeeded in taking
over their territories and declared their independence from the parent states.
However, not a single country around the world recognized them as sovereign
states. The breakaway territories—Nagorno-Karabakh in Azerbaijan, Abk-
hazia and South Ossetia in Georgia, and Transnistria in Moldova (see Figure
1)—remain internationally unrecognized as states until today.1

This paper attempts to estimate economic growth rates in these four un-
recognized states of the former Soviet Union, with the aim of understanding
the impact of non-recognition as a sovereign state on economic activities.

Unrecognized states are not so uncommon. Somaliland in northwest So-
malia has not been recognized by any country since 1991. Taiwan and North-
ern Cyprus have been recognized only by a few countries since the 1970s.
Since 2008, Kosovo has been recognized as independent by many countries,
but not by the others including its parent country Serbia. More recently,
the 2014 crisis in Ukraine resulted in the creation of two unrecognized states
in its eastern area: Luhansk and Donetsk. It is therefore important to un-
derstand the consequences of being unrecognized as sovereign states because
not an ignorable number of people now live in such pseudo states today.2

The empirical challenge for such endeavor is the lack of data. Interna-
tional organizations such as the World Bank do not provide any data for un-
recognized states. The limited state capacity of these territories implies that
there is no o�cial statistics. Any surveys conducted in their parent countries
exclude these territories from the sampling procedure.3 To overcome this
data limitation, the present study uses the satellite images of nighttime light
for the period 1992–2013 to recover the unobserved annual economic growth
rates of the four unrecognized states in the former Soviet Union.

Specifically, we first estimate the elasticity of real GDP with respect to
nighttime light intensity, conditional on country and year fixed e↵ects, from

1Since 2008, Russia and a few other countries have recognized Abkhazia and South
Ossetia as sovereign states, though.

2There were also short-lived unrecognized states in the past: Katanga in Zaire (today’s
Democratic Republic of Congo) during 1960–63, Republika Srpska Krajina in Croatia
during 1991–95, Republika Srpska in Bosnia-Herzegovina during 1992–95, and Chechnya
in Russia during 1996–99.

3As an example, the Demographic and Health Survey conducted in Moldova in 2005
excludes the entire Transnistria from its sample (National Scientific and Applied Center
for Preventive Medicine 2006: xxvi).
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the annual panel data of 177 countries around the world. Using this elasticity
estimate and the estimated year fixed e↵ects, we then recover the annual
growth rates of real GDP for unrecognized states from their nighttime light
intensity. We finally compare these recovered real GDP growth rates to the
ones similarly estimated for the parent countries. Under the assumption
that parent countries provide a valid counterfactual, the di↵erence in the
annual growth rates can be interpreted as the impact of being unrecognized
as sovereign states.

Our study focuses on Nagorno-Karabakh, Abkhazia, South Ossetia, and
Transnistria among several other unrecognized states because their parent
countries are reasonable, if not perfect, counterfactuals. Secession took place
immediately after the break-up of the Soviet Union, implying that both the
breakaway territories and their parent states became newly independent of
Moscow’s rule at the same time. But only the latter have acquired interna-
tional recognition as sovereign states. Consequently, these four cases provide
the best testing ground that we can think of for understanding the impact
of non-recognition as sovereign states, not contaminated by the impact of
independence per se.

We find that the impact of unrecognized states is fairly limited in all of
the four cases. The recovered annual economic growth rates do not di↵er
much between the breakaway territories and their parent states.

This study relates to four strands of the literature. First, the recent lit-
erature on the role of states in economic development focuses on the impacts
of state capacity (Besley and Persson 2011, Acemoglu et al. 2015). However,
state capacity is only one side of sovereign states. The other side is inter-
national recognition, which has been ignored by economists. This study fills
this gap in the literature.

Second, the issue of unrecognized states has received no attention in the
emerging literature on the impacts of conflicts.4 However, the lack of inter-
national recognition is one of the likely consequences from those civil wars in
which a territory attempts to secede from its parent country. By filling this
gap in the literature, our study makes two contributions.

The literature finds that output loss due to conflicts tends to be tempo-
rary (Davis and Weinstein 2002; Miguel and Roland 2011; Cerra and Saxena
2008).5 These findings, however, may su↵er from sample selection bias, as
pointed out by Blattman and Miguel (2010): the data is unavailable for those
countries that severely su↵er from civil conflicts. Unrecognized states are an

4See Blattman and Miguel (2010: Section 4) and Bauer et al. (2016) for surveys.
5Mueller (2012), commenting on the methodology in Cerra and Saxena (2008), shows

that output persistently drops after the beginning of civil conflicts by over 15%.
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example of the out-of-the-sample cases of post-conflict situations. Conse-
quently, understanding the consequences of unrecognized states will help us
paint the full picture of the impacts of conflicts.

The literature on civil conflicts also pays little attention to the role of
political institutions in post-conflict recovery.6 Unrecognized states are a
form of political institutions relevant for the period after a ceasefire. The
present study thus contributes to the deepening of our understanding of the
role of political institutions in post-conflict recovery.

The third literature that our study relates to is the political science litera-
ture on unrecognized states (Pegg 1998, King 2001, Lynch 2002, Kolsto 2006,
Caspersen 2012, O’Loughlin et al. 2014, Smolnik 2016, among others). In
particular, a recent strand of this literature points out that seeking interna-
tional recognition creates an incentive for politicians in unrecognized states
to promote state-building and democratic institutions (Caspersen 2008, 2011;
Blakkisrud and Kolsto 2011; Kolsto and Blakkisrud 2012). Our study com-
plements this literature by uncovering economic consequences of non-recognition
which can be interpreted as an indirect impact via state-building and democ-
racy.7

Finally, our study also relates to those who use nighttime light to ob-
serve economic performance for countries with poor data: Michalopoulos
and Papaioannou (2013, 2014) and Storeygard (2016) for sub-national areas
in Africa; Lee (2018) for North Korea.

The rest of the paper is organized as follows. Section 2 overviews the
issue of unrecognized states in the former Soviet Union. Section 3 provides
theoretical arguments on how non-recognition as a sovereign state can a↵ect
economic activities. Sections 4 and 5 introduce the datasets and methodol-
ogy, respectively, that we employ to uncover economic growth rates in un-
recognized states. Section 6 reports our findings, followed by the concluding
section.

2 Background

In this section, we provide a brief overview of (1) the international law origin
of unrecognized states; (2) causes and consequences of the wars of secession
after the collapse of the Soviet Union; (3) state-building e↵orts, political

6An exception is Casey et al. (2012), who look at the impact of institutional building
in post-conflict Sierra Leone.

7Witmer and O’Loughlin (2011) also use nighttime light data to gauge the impact of
wars in towns in Georgia and South Ossetia. Our study di↵ers in the coverage of study
areas and in the recovery of economic growth rates from light data.
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institutions and economic situations in the four unrecognized states since
then.

2.1 State Recognition in International Law

International law requires a sovereign state to possess (i) a permanent popu-
lation, (ii) a defined territory, (iii) government, and (iv) capacity to enter into
inter-state relations.8 Whether a candidate state satisfies these four require-
ments, however, is up to the judgement by other sovereign states (Ryngaert
and Sobrie 2011: 472–473). Consequently, a sovereign state requires recogni-
tion by other states.

2.2 Causes of Secession

Ethnic conflicts are the underlying causes of secession in all the four cases
of unrecognized states in the former Soviet Union. During the lead-up to
the collapse of the Soviet Union in 1991, Azerbaijan, Georgia, and Moldova
all enacted nationalistic policies that put minority ethnic groups in a dis-
advantaged situation. These ethnic minorities no longer wanted to be part
of the parent countries that declared independence from the Soviet Union.
Consequently, the wars of secession broke out.

Nagorno-Karabakh in Azerbaijan Nagorno-Karabakh is a mountain-
ous enclave of Armenian people in the west of Azerbaijan. Armenians are
culturally di↵erent from Azerbaijanis in terms of religion (Armenian Ortho-
dox Christianity versus Islam, mostly Shia) and language (Armenian vs a
Turkish language).

During the Soviet days, the Azerbaijani authority encouraged the migra-
tion of Azeris into Nagorno-Karabakh.9 The Azeri authority also ignored
the Armenian culture: there was no Armenian-language television channel;
the history of Armenia not taught in Armenian-language schools; medieval
Armenian churches closed and crumbling (de Waal 2013: 154).

These ethnic tensions rose in the last years of the Soviet rule. The lo-
cal government of Nagorno-Karabakh declared independence two days after
Azerbaijan declared its independence from the Soviet Union on August 30,

8These four qualifications for a sovereign state were set out in Article I of the Mon-
tevideo Convention on Rights and Duties of States, a treaty signed by countries in the
American continent in 1933.

9The population of Azerbaijanis in Nagorno-Karabakh jumped up from 13,000 in 1926
to 37,000 in 1979 while the corresponding figures for Armenians are 117,000 and 123,000,
respectively (de Waal 2013: 153–154).
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1991. The vast majority of people in Nagorno-Karabakh voted yes in a ref-
erendum on independence on December 10. The Azeri government did not
accept the secessionist move by Karabakh Armenians, resulting in the war
of secession from 1992 to 1994.

Abkhazia and South Ossetia in Georgia Abkhazia is a western region
of Georgia. Abkhazians speak a language unrelated to its parent country’s
main language, Georgian. During the Soviet era, Abkhazia received an enor-
mous influx of Georgians: the 1989 census showed that Abkhazians accounted
for only 18% of the population (Minorities At Risk 2006a). Fearing the disap-
pearance of themselves as an ethnic group, Abkhazians attempted to secede
from Georgia and to join Russia in 1957, 1967, and 1978, but the Soviet
authority in Moscow rejected these requests (Hewitt 1993, Lakoba 1995).

South Ossetia is a mountainous district in the north of Georgia. It is
inhabited mostly by Ossetians whose language is also unrelated to Geor-
gian. Unlike Abkhazians, South Ossetians co-lived with Georgians peacefully
throughout the Soviet era.

Since the late 1980s, however, a nationalist movement led by Zviad Gam-
sakhurdia, whose party and its coalition partners defeated the Communist
Party in the multiparty elections in 1990, instigated ethnic conflict with Os-
setians and intensified it with Abkhazians. The government of Georgia made
the Georgian language as the sole o�cial language of the country and banned
regional parties from national elections (Minorities At Risk 2006b). These
policies drove Abkhazia and South Ossetia to pursue their secession from
Georgia.

Transnistria in Moldova Transnistria is an eastern region of Moldova.
While the majority of Moldovans speak Romanian, the region is mostly in-
habited by Russian-speaking citizens (primary Russians and Ukranians).10

In 1989, the Moldovan legislature passed the law that made Romanian
the only o�cial state language and required all o�cials to demonstrate pro-
ficiency in Romanian. In response to this nationalistic policy, Russian-
speaking residents in Transnistria declared independence from Moldova in
1990, leading to the war of secession in 1992.

2.3 Consequences of Wars of Secession

The wars of secession were short-lived except for Nagorno-Karabakh in Azer-
baijan. Secessionists won largely because the newly independent republics of

10The following account is based on Minorities At Risk (2006c). See King (2000: Chapter
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the former Soviet Union lacked in military capacity: the Soviet-era military
largely consisted of Russians who returned to Russia after the dissolution of
the Soviet Union.11

In Nagorno-Karabakh, the war of secession continued from January 1992
to May 1994. The death toll estimate ranges from 17,000 to 25,000 (de Waal
2013: 326–327). A more significant consequence of the war is ethnic homoge-
nization on both sides of the ceasefire line. It is estimated that approximately
500,000 Azerbaijanis were displaced from the occupied part of Azerbaijan
while 353,000 Armenians were displaced from the rest of Azerbaijan.12

In Abkhazia, the war started with the invasion of Georgian troops into
Abkhazia in August 1992. By the ceasefire in September 1993, however,
Abkhaz forces took control of its territory. The death toll is estimated to
be 35,000 (Toal and O’Loughlin 2017: 109), and almost all of 239,872 ethnic
Georgians in Abkhazia had been forcefully displaced.13 As the 1989 census
records the population of 535,634 in Abkhazia (ACASIAN 2014), the war
damage was significant.

South Ossetia declared independence in 1990. In response, the Georgian
forces attempted to seize the capital city of South Ossetia, Tskhinvali, in
January and September 1991 and in June 1992, each time repelled by the
Ossetian militias (Toal 2008: 677). With Russia’s intermediation, the cease-
fire agreement was made in June 1992. Some 2,000 people died from the
war (Toal and O’Loughlin 2017: 109); 2,918 Ossetians were internally dis-
placed; 10,000 Georgians in South Ossetia were also displaced to Georgia
proper (Toal 2008: Table 1). Compared to the 1989 census figures of 65,232
Ossetians and 28,544 Georgians in South Ossetia (Toal 2008: Table 1), these
numbers suggest a significant war damage.

In Transnistria with a population of 770,000 in 1989 (Blakkisrud and Kol-
sto 2011: 194), the war was brief, from March to July 1992, with slightly
over a thousand people killed and a limited number of people displaced
(O’Loughlin et al. 2013).

2.4 State Building

In the 1990s, all the four unrecognized states had limited state capacity.
They provided permissive arenas for criminal enterprises (King 2001, Lynch

9) for more detail on the breakaway of Transnistria from Moldova.
11For example, de Waal (2013: 219–222) mentions Azerbaijani’s military chaos as one

of the reasons for the victory of Nagorno-Karabakh.
12These numbers are based on Arif Yunusov’s calculations, cited by de Waal (2013: 327).
13The population of ethnic Georgians in Abkhazia is based on the 1989 census, cited by

International Crisis Group (2010: footnote 75).
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2002). Examples included arms tra�cking in Transnistria (Dawisha 2014:
340–350); uranium smuggling in South Ossetia (Bronner 2008).

However, by the early 2000s, all the four unrecognized states had built
up the state capacity to control their territory and to provide basic services
to their population.14

For Abkhazia and South Ossetia, the situation has changed since 2008,
when their parent country Georgia was defeated against Russia in a five-
day war. As a consequence, the border control was tightened by the Russian
army so that residents could no longer cross the borders of the two breakaway
territories with Georgia proper. In addition, Russia, together with a few
countries, recognized Abkhazia and South Ossetia as sovereign states (in
retaliation for the recognition of Kosovo by many countries in the West earlier
in the same year).

Since then, both Abkhazia and South Ossetia have received a substantial
budgetary support from Russia, which issues Russian passports to residents
in these two unrecognized states.15

2.5 Political Institutions

All the four unrecognized states have regularly held presidential and par-
liamentary elections with opposition candidates allowed to run for o�ce.16

Moreover, there have been turnover in national leadership.
In Nagorno-Karabakh, Arkady Ghukasian, elected as President in 1997,

stepped down to observe the presidential term limit (two five-year terms) in
2007. His designated successor, Bako Saakian, won the presidential elections
with 85% of the votes in 2007 and 66.7% of the votes in 2012.

In Abkhazia, an opposition candidate, Sergei Bagapsh, became president
after winning the 2004 presidential election despite the initial reluctance of
Vladislav Ardzinba, the incumbent president who had been in o�ce since
1994, and his designated successor to accept their defeat (Freedom House
2006).

In South Ossetia, the first president Lyudvig Chibirov, elected in 1996,
was defeated by Eduard Kokoity in the 2001 presidential election (Freedom

14See King (2001). Caspersen (2008: 119) points out that both Nagorno-Karabakh and
Abkhazia have built “the necessary organs of government, such as armed forces, police,
and a court system”, and are now able to provide “some basic public services, including
education and health services.”

15International Crisis Group (2010) reports that Russia provided 60% of the Abkhazian
government budget in 2009. Freedom House (2011) reports that the equivalent figure for
South Ossetia reached 98%.

16See Blakkisrud and Kolsto (2011, 2012) for the detail.
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House 2009). In June 2011, the parliament rejected an attempt by Kokoity’s
supporters to lift term limits for presidency (Freedom House 2012). While the
Supreme Court annulled the 2011 presidential election, barring the winning
opposition candidate from assuming o�ce, the subsequent election in the
following year saw Leonid Tibilov, unrelated to the previous president, sworn
in o�ce.17

In Transnistria, the long-serving president Igor Smirnov since 1991 was
defeated by Yevgeny Shevchuk in the 2011 presidential election (Toal and
O’Loughlin 2017: 110).18

2.6 Economic Situations

There is only sketchy information on economic situations in the four unrec-
ognized states. King (2001: 535-538) reports one of the rare accounts, based
on his own interviews with local residents in 2000.

Residents in Nagorno-Karabakh earned a living from subsistence farming
or resale of goods imported from Iran and Armenia, with the export of wood
to Armenia becoming a booming business.

In Abkhazia, important sources of revenue for residents are the harvesting
of tangerines and hazelnuts and the trade in scrap metal.

South Ossetia had little functioning industry or export-oriented agricul-
ture. However, trade activities were thriving along the highway linking Geor-
gia to the south with Russia to the north.

Transnistria, the industrial hub of Moldova during the Soviet era with one
of the best steel mills in the Soviet Union, “exported” construction materials,
chemicals, ferrous metals, and electrical energy to Moldova proper, and steel
and small arms to the world.

3 Economic Consequences of Non-recognition

The failure to be recognized as a sovereign state by international community
may adversely a↵ect economic development for at least two reasons. First,
non-recognition may discourage foreign direct investment (Kolsto 2006: 729).
There is uncertainty over whether legal contracts in unrecognized states are
internationally binding. Investment in unrecognized states could also deny
access to markets in their parent countries. Second, the military expenditure

17In 2017, President Tibilov failed to be re-elected; opposition leader Anatoly Bibilov
won the election (Freedom House 2018).

18Shevchuk in turn was defeated by Vadim Krasnoselsky in the 2016 presidential election
(Freedom House 2017).
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may crowd out government investments in public goods.19 Parent countries
can anytime invade unrecognized states to restore their control over the lost
territory, as Georgia did to South Ossetia in 2008.

On the other hand, non-recognition may encourage the government of
unrecognized states to promote economic development. As discussed in Sec-
tion 2.1, a permanent population is one of the requirements to be a sovereign
state according to international law. If residents flee their unrecognized state
for a better life abroad, it becomes harder to satisfy this requirement. Con-
sequently, if the objective of politicians in unrecognized states is the interna-
tional recognition of their territory as a state, they should have an incentive
to improve the living standards of their residents (Hirose 2014).

This incentive may have been intensified after the United Nations intro-
duced the Standards Before Status policy in 2003 to resolve the conflict over
another unrecognized state, Kosovo.20 The policy stated that Kosovo needed
to build a functional state and democratic institutions before the interna-
tional community would recognize her as a sovereign state. Even though this
policy applied to Kosovo only, the recent political science literature on un-
recognized states (Caspersen 2008, 2011; Blakkisrud and Kolsto 2011; Kolsto
and Blakkisrud 2012) argues that the desire for international recognition has
prompted politicians in unrecognized states to undertake state-building and
to build democratic institutions.21 To the extent that state-building (Besley
and Persson 2011) and democracy (Acemoglu et al. 2019) a↵ect economic
development, seeking international recognition may thus lead to economic
growth.

It is therefore an empirical question whether being unrecognized as a
sovereign state positively or negatively a↵ects economic development.

4 Data

This section describes the datasets we use to recover economic growth rates
in the four unrecognized states from satellite images of nighttime light.

19In Nagorno-Karabakh, 65 out of 1,000 inhabitants are soldiers, the figure surpassing
almost all countries around the world (International Crisis Group 2005: 9). As of 2000,
Transnistria had 5,000 to 10,000 soldiers; South Ossetia 2,000; Abkhazia 5,000 (Interna-
tional Institute for Strategic Studies 2000).

20As a result of the Kosovo War in 1998–1999, Kosovo was e↵ectively independent from
Serbia-Montenegro though its o�cial status was part of the parent country. Later in
2008, Kosovo declared independence, and many countries, if not all, recognized her as a
sovereign state.

21Caspersen (2008: 120–121) reports the remarks of politicians in Abkhazia and
Nagorno-Karabakh that their “countries” should be recognized because of the functioning
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4.1 Real GDP

We use the Penn World Table 9.0 (Feenstra et al. 2015) as the data source for
real GDP. Expenditure-side real GDP at chained PPPs in 2011 US dollars
(the variable rgdpe) is used because this variable is meant for comparing
“living standards across countries and across years” (Feenstra et al. 2015:
Table 1).

An alternative data source for real GDP is World Development Indicators
(World Bank 2018). However, we prefer the Penn World Table in which real
GDP is cross-sectionally comparable in multiple years (since version 8). The
cross-sectional comparability in the World Development Indicators is only
ensured for the latest international price survey year (2010 for the latest
version): the farther away from this reference year, the less comparable its
data on real GDP across countries (see Pinkovskiy and Sala-i-Martin 2016:
Sections 2.1–2.2). As we exploit the variation in nighttime light not only
within each country but also within each year, cross-sectional comparability
is important for our purpose.

4.2 Nighttime light

The data source for nighttime light is the DMSP-OLS Nighttime Lights Time
Series, Version 4 (National Geophysical Data Center 2015). It provides an-
nual panel data of nighttime light intensity at the 30 arc-second cells across
the world for 1992–2013. The value of light intensity ranges from 0 to 63,
which is not comparable across years due to the aging and replacement of
satellite sensors. See Henderson et al. (2012) among others for more detail
about the dataset.

Following Hodler and Raschky (2014), who aggregate the light data into
the sub-national region level, we take the average of all the cell-level values
within each country/territory as a measure of light intensity at the coun-
try/territory level.

Many studies validate light intensity against the measures of living stan-
dards.22 For validation against real GDP at the country level, Henderson
et al. (2012) and Storeygard (2016: Table 1) show that the elasticity of real
GDP with respect to light is around 0.3 across di↵erent subsamples of coun-
tries. In the estimation of elasticity, they control for country and year fixed
e↵ects, the latter of which takes into account the aforementioned lack of
comparability of the values of light intensity across years.

state and democratic institutions that they have built.
22See Mellander et al. (2015), Bickenbach et al. (2016), and Goldblatt et al. (2018) for

recent validation exercises at the sub-national level.
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4.3 Country boundaries

To aggregate nighttime light intensity at the 30 arc-second cell level into
the country level, we need the spatial data on country boundaries. We use
GADM (2018), following Alesina et al. (2016) and Dreher et al. (2015) among
others. The dataset includes 256 countries and overseas territories. One
country, Vatican, is dropped from the sample because it is smaller than the
30 arc-second cell. In addition, 75 countries and territories are also dropped
from the sample as real GDP data is not available for all years during the
sample period of nighttime light data. Excluding the three parent states of
unrecognized states (i.e. Azerbaijan, Georgia, and Moldova), our sample thus
consists of 177 countries/territories in total.

4.4 Boundaries for unrecognized states

To recover economic growth rates in unrecognized states, we also need to
aggregate nighttime light data into the level of these breakaway territories.
The spatial data sources for the boundaries of unrecognized states di↵er by
their parent state, as described below. Figure 1 shows these boundary data.

Nagorno-Karabakh and Azerbaijan proper The data on the inter-
nationally recognized boundary of Azerbaijan (which includes the western
and southern boundaries of Nagorno-Karabakh) is obtained from ACASIAN
(2014). This dataset was created in conjunction with the Institute of Geog-
raphy at Russian Academy of Sciences, with the o�cial map definitive as of
the 1989 Soviet Census.

The data on the 1994 ceasefire line that separates Nagorno-Karabakh
from Azerbaijan proper comes from Armenian Ministry of Foreign A↵airs
(2018). The map of Nagorno-Karabakh in the PDF format is converted in
GIS data for this study.23

The 1994 ceasefire line acts as the boundary of e↵ectively controlled ar-
eas of Nagorno-Karabakh until today. Consequently, the data used in this
study correctly delineates Nagorno-Karabakh to the extent of accuracy in
the original map and the data conversion process.

Abkhazia, South Ossetia and Georgia proper The spatial data on the
boundaries of Abkhazia, South Ossetia, and Georgia proper is also obtained
from ACASIAN (2014).24 These boundaries trace the Soviet-era boundaries

23The data, together with the digitization protocol and the replication code, is available
at a GitHub repository: github.com/mkudamatsu/data_karabakh-map

24We do not use GADM (2018) because South Ossetia does not exist in the o�cial
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of Abkhazia and South Ossetia.
The Soviet-era boundaries accurately delineate the territories controlled

by Abkhazia and South Ossetia after 2008 only, however. As a result of the
wars of secession in 1991–1992, the north-east of Abkhazia (Upper Kodor
Gorge) was under the control of Georgia proper (Tsutsiev 2014: Map 43).
For South Ossetia, villages with Georgian residents were under the control
of Georgia proper (Tsutsiev 2014: Map 42). In 2008, the defeat of Georgia
against Russia in the five-day war led to the expulsion of the Georgian forces
entirely from the Soviet-era territory of Abkhazia (Schwirtz 2008) and South
Ossetia (O’Loughlin et al. 2014: 428).

Since the data is unavailable for the pre-2008 boundaries of e↵ectively
controlled areas by Abkhazia and South Ossetia, this study uses the Soviet-
era boundaries throughout the sample period of 1992–2013.

Transnistria and Moldova proper The boundaries of Transnistria and
Moldova proper come from the first-level administrative boundary data from
GADM (2018).

The actual territory of Transnistria, however, di↵ers from the o�cial
boundary between Transnistria and the rest of Moldova. Transnistria oc-
cupies some small parts of Moldova proper while Moldova controls some
small parts of Transnistria (Tchepalyga 1997: 31). However, the spatial data
on the exact boundary between the two is unavailable. Consequently, we use
the o�cial boundary as an approximation.

5 Methodology

Following Henderson et al. (2012), we model real GDP in territory i in year
t, denoted by yi,t, as follows:

ln yi,t = � lnLi,t + µi + ⌘t + "i,t, (1)

where Li,t is nighttime light intensity in territory i in year t, µi the territory
fixed e↵ect, ⌘t the year fixed e↵ect, and "i,t the error term.

We estimate equation (1) with OLS, by using the balanced annual panel
of countries around the world from 1992 to 2013. The balanced panel ensures
no compositional bias in the estimation of year fixed e↵ects, ⌘t, important
parameters to recover the annual growth in yi,t for unrecognized states (see
below). The sample of countries excludes the parent countries of unrecog-
nized states (i.e. Georgia, Azerbaijan, and Moldova) because we will validate

administrative subdivisions of Georgia today.
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our predicted values of real GDP growth against the actual real GDP growth
rates in these three countries. Standard errors are clustered both at the ter-
ritory level and at the year level with the multi-way cluster robust inference
method (Cameron et al. 2011).25

For unrecognized state i, we cannot predict yi,t from equation (1) because
there is no straightforward way to estimate µi. However, we can predict the
annual growth rate of yi,t, denoted by ĝi,t, by taking the first-di↵erence of
equation (1) to remove µi:

ĝi,t = ln ŷi,t � ln ŷi,t�1

= �̂(lnLi,t � lnLi,t�1) + (⌘̂t � ⌘̂t�1), (2)

where �̂ and ⌘̂t are the estimated � and ⌘t in equation (1).

6 Results

6.1 Fixed E↵ects Estimation Results

Table 1 reports the results from estimating equation (1). The elasticity of real
GDP with respect to nighttime light intensity is 0.35 (significantly di↵erent
from zero at the 1% level). This estimate is largely comparable to what
the literature has found.26 Year fixed e↵ect estimates are also reported in
Table 1 as these values will be used to predict annual real GDP growth for
unrecognized states. Note that the adjusted R-squared is 0.99. The model
represented in equation (1) explains almost all the variations in real GDP
across countries and over time.

Plugging the coe�cient estimates in Table 1 together with annual night-
time light observations into equation (2) yields the predicted growth of real
GDP for unrecognized states and their parent countries. Figures 2 to 8 plot
these predictions.

6.2 Validation

We first validate our methodology by comparing the predicted growth with
the actual growth of real GDP from the Penn World Table for the three

25Due to multicollinearity, we need to drop one dummy for either a country or a year
when we estimate equation (1). We drop the dummy for year 1992. Consequently, year
fixed e↵ects, ⌘t, are interpreted as the average di↵erences in real GDP in each year relative
to the 1992 level.

26Henderson et al. (2012: Table 2) report the elasticity of 0.28 for the sample period
of 1992–2008. Hodler and Raschky (2014: Appendix B) find the elasticity of 0.39 for
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parent countries.
Figure 2 shows the results for Azerbaijan. For years 1993–2004 and 2012–

2013, the predicted growth rates do not align well with the actual growth
rates, even showing a wrong sign in some years. From 2005 to 2011, however,
the predicted growth rates capture the trend in the actual growth rates.
The predicted growth generally underestimates the actual growth, probably
because nighttime light does not capture the GDP growth due to world oil
price hikes.27

Figure 3 compares the actual growth rates with the predicted ones for
Georgia. Similarly to Azerbaijan, years 1993–2003 see discrepancies between
the predicted and actual growth rates, with opposite signs in some years. For
years 2004–2013, however, the predicted growth roughly picks up the trend
in the actual growth (except 2009), with the magnitude also comparable.

Figure 4 shows the results for Moldova. For years 1993–2003 and 2011–
2013, the predicted growth deviates from the actual growth, with a wrong
sign in some years. Years 2004–2010 see the predicted growth approximate
the actual growth relatively well.

Overall, the predicted growth around years 2004–2010 appears to be trust-
worthy. Outside this period, either our prediction methodology fails or the
o�cial GDP statistics from these countries is prone to errors.28

6.3 Predicted Growth in Unrecognized States

We now compare the predicted annual growth rates between unrecognized
states and their parent countries. We use as a benchmark the predicted
growth, not the actual growth, in the parent countries because the underlying
data generating process is comparable.

Nagorno-Karabakh Figure 5 shows the predicted annual real GDP growth
rates for Nagorno-Karabakh in comparison to the ones for its parent coun-
try, Azerbaijan. For years 1993–1995, Karabakh’s economy is estimated to
have annually shrunk by 10% or more, reflecting the damage from the war
of secession from Azerbaijan. From 1996 to 2004, the estimated economic

subnational regions across the world for 1992–2009. Storeygard (2016: Table 1) obtains
the elasticity of 0.25 for Chinese cities and prefectures for 1990–2005.

27Azerbaijan has become an oil exporter over the sample period. World oil prices surged
during the period of 2005–2008.

28The discrepancies in the 1990s may be due to the incapability of statistical o�ces in
these countries to provide accurate GDP figures in the aftermath of the collapse of the
socialist economic system. This explanation, however, does not account for why there are
also discrepancies in the 2010s.
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growth was very volatile. For the period 2005–2011, where Azerbaijan’s pre-
dicted growth rates trace the trend in the actual growth (see Section 6.2
above), Nagorno-Karabakh’s economic growth exceeds 10% (except for 2009
and 2011).

The growth rates for 2005–2008 exceed the predicted growth rates in
Azerbaijan proper whose economy was boosted with oil price hikes. It may
just reflect the higher marginal product of capital per worker in Nagorno-
Karabakh as the territory is poorer than the rest of Azerbaijan. However,
it may also suggest that the impact of being unrecognized as a sovereign
state is minimal in terms of economic recovery from civil wars in the case of
Nagorno-Karabakh.

Abkhazia Figure 6 shows the predicted annual real GDP growth rates for
Abkhazia in comparison to the ones for Georgia proper. For years 1993–2003,
the estimated economic growth rates are very volatile in Abkhazia though
the ones in Georgia are equally volatile as well. For the period 2004–2013,
when Georgia’s predicted growth corresponds well with its actual growth
(see Section 6.2 above), Abkhazia’s growth rates are positive and largely
comparable to Georgia’s growth.

Overall, the impact of being unrecognized as a sovereign state appears
to be minimal in the case of Abkhazia as long as Georgia proper is a valid
counterfactual.

South Ossetia Figure 7 compares the predicted growth rates for South
Ossetia with the ones for Georgia proper. For the period 2004–2013, when
Georgia’s predicted and actual growth rates co-move, South Ossetia’s pre-
dicted growth is comparable to Georgia’s. From 2010, South Ossetia outper-
forms Georgia in predicted growth, probably reflecting the consequences of
South Ossetian War in 2008: Russia actively helps South Ossetia financially
while Georgia loses its trade with Russia due to the strict border control by
the Russian army (see Sections 2.4 and 2.6).

As in Nagorno-Karabakh and Abkhazia, the impact of being unrecognized
appears to be fairly limited for South Ossetia in comparison to Georgia.

Transnistria Finally, Figure 8 reports the predicted economic growth rates
for Transnistria in comparison to the ones for Moldova proper. Transnistria’s
predicted economic growth is volatile during the entire sample period, includ-
ing years 2004–2010, when Moldova’s predicted and actual real GDP growth
rates correspond well to each other (see Section 6.2 above). Its magnitude is
overall smaller than the other three unrecognized states, perhaps reflecting
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a lower marginal product of capital due to its relatively better production
capacities (see Section 2.6).

Overall, the predicted growth rates are comparable between Transnistria
and Moldova proper, suggesting that the impact of being unrecognized as a
sovereign state is minimal in the case of Transnistria as well.

7 Conclusions

This study focuses on four unrecognized states in the former Soviet Union
and attempts to recover their economic growth data from the satellite images
of nighttime light. Our findings suggest that the impact of non-recognition
as sovereign states on economic activities may be fairly limited.

Future research needs to examine whether this conclusion is robust to
more rigorous empirical research design and also applies to all the other un-
recognized states. Constructing the precise data on the boundaries of unrec-
ognized states will allow us to conduct spatial regression discontinuity design
to provide more credible estimates on the impact of non-recognition.29 Ex-
tending the analysis to include other unrecognized states outside the former
Soviet Union will also help us understand under what conditions (such as
the number of countries that recognize them as states) the non-recognition
as sovereign states has limited impacts on economic activities.
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Figure 1: Unrecognized States in the Former Soviet Union

Notes: This map is drawn based on GADM (2018) for international boundaries and for Transnistria;

ACASIAN (2014) for Abkhazia and South Ossetia; and Armenian Ministry of Foreign A↵airs (2018) for

Nagorno-Karabakh. WGS 1984 is used as the coordinate system. The enclave surrounded by Armenia

and Iran belongs to Azerbaijan.
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Figure 2: Actual and Predicted Annual Real GDP Growth in Azerbaijan

Notes: The data source for the actual annual real GDP growth is the Penn World Table (version 9.0). The

predicted annual real GDP growth is due to the author’s calculation (see the text for detail), based on night-

time light intensity within Azerbaijan proper, excluding the territory occupied by Nagorno-Karabakh’s

authority.
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Figure 3: Actual and Predicted Annual Real GDP Growth in Georgia

Notes: The data source for the actual annual real GDP growth is the Penn World Table (version 9.0).

The predicted annual real GDP growth is due to the author’s calculation (see the text for detail), based

on nighttime light intensity within Georgia proper, excluding the Soviet-era territories of Abkhazia and

South Ossetia.
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Figure 4: Actual and Predicted Annual Real GDP Growth in Moldova

Notes: The data source for the actual annual real GDP growth is the Penn World Table (version 9.0).

The predicted annual real GDP growth is due to the author’s calculation (see the text for detail), based on

nighttime light intensity within Moldova proper, excluding the Soviet-era territory of Transnistria. The

actual growth in 1993 is very close to zero, rather than being missing in the data source.
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Figure 5: Predicted Annual Real GDP Growth in Nagorno-Karabakh and
Azerbaijan

Notes: The predicted annual real GDP growth for Nagorno-Karabakh is due to the author’s calculation

(see the text for detail). The corresponding data for Azerbaijan is the same as in Figure 2.
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Figure 6: Predicted Annual Real GDP Growth in Abkhazia and Georgia

Notes: The predicted annual real GDP growth for Abkhazia is due to the author’s calculation (see the

text for detail). The corresponding data for Georgia is the same as in Figure 3.
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Figure 7: Predicted Annual Real GDP Growth in South Ossetia and
Georgia

Notes: The predicted annual real GDP growth for South Ossetia is due to the author’s calculation (see

the text for detail). The corresponding data for Georgia is the same as in Figure 3.
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Figure 8: Predicted Annual Real GDP Growth in Transnistria and
Moldova

Notes: The predicted annual real GDP growth for Transnistria is due to the author’s calculation (see the

text for detail). The corresponding data for Moldova is the same as in Figure 4.
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Table 1: Estimated coe�cients on mean light intensity and year dummies

Dependent Variable: Log real GDP

Log mean light 0.344⇤⇤⇤ Year 2003 0.301⇤⇤⇤

(0.064) (0.035)

Year 1993 �0.040 Year 2004 0.349⇤⇤⇤

(0.037) (0.044)

Year 1994 �0.009 Year 2005 0.429⇤⇤⇤

(0.035) (0.047)

Year 1995 �0.038 Year 2006 0.484⇤⇤⇤

(0.037) (0.052)

Year 1996 0.014 Year 2007 0.535⇤⇤⇤

(0.033) (0.057)

Year 1997 0.089⇤⇤⇤ Year 2008 0.552⇤⇤⇤

(0.026) (0.065)

Year 1998 0.077⇤⇤ Year 2009 0.575⇤⇤⇤

(0.031) (0.059)

Year 1999 0.121⇤⇤⇤ Year 2010 0.486⇤⇤⇤

(0.030) (0.089)

Year 2000 0.153⇤⇤⇤ Year 2011 0.618⇤⇤⇤

(0.037) (0.080)

Year 2001 0.178⇤⇤⇤ Year 2012 0.628⇤⇤⇤

(0.039) (0.085)

Year 2002 0.208⇤⇤⇤ Year 2013 0.668⇤⇤⇤

(0.044) (0.083)

Country fixed e↵ects Yes
Number of countries 177
Observations 3,894
Adjusted R2 0.988

Notes: Estimated coe�cients from equation (1) are reported with standard errors clustered at the country

and year levels in parentheses. *** indicates statistically significant at the 1% level; ** 5%.
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