JANUARY 2019

Working Paper 161

Dying Light: War and Trade of
the Separatist-Controlled Areas
of Ukraine

Artem Kochnev

The Vienna Institute for International Economic Studies
Wiener Institut fiir Internationale Wirtschaftsvergleiche






Dying Light: War and Trade of the Separatist-
Controlled Areas of Ukraine

ARTEM KOCHNEV

Artem Kochnev is PhD student at Johannes Kepler University (JKU) Linz and at the University of
Innsbruck (UIBK), Austria.

The author thanks Francisco Litvay for providing access to the GIS software, and participants of
the research seminars at the Vienna Institute for International Economic Studies and the University
of Innsbruck for helpful comments. Special thanks go to Alexei Kochnev for fruitful discussions.






Abstract

The paper investigates how war and the war-related government policies affected economic activity of
the separatist-controlled areas of Ukraine. The paper applies a quasi-experimental study design to
estimate the impact of two events on the separatist-controlled areas: the introduction of the separatist
control and the introduction of the second round of the trade ban, which was imposed by the government
of Ukraine on the separatist-controlled territories in 2017. Using a difference-in-difference estimation
procedure that controls for the yearly and monthly effects, individual fixed effects, and the region-specific
time shocks, the study finds that the separatist rule decreased the economic activity by 38% in the
Donetsk region and 51% in the Luhansk region according to the preferred specifications. At the same
time, the trade ban of the year 2017 against the major industrial enterprises of the separatist-controlled
areas decreased luminosity by 20%. The paper argues that the trade disruptions due to the war actions
were nested within the negative effect of the separatist rule and accounted for half of it.
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1 Introduction

After years of studying countries at war, economists barely have doubts about
the general effect the conflicts have on the economies. It’s badﬂ Yet, the ques-
tion “how bad?” remains open. As|Smith (2014) and Blattman and Miguel| (2010)
emphasize, lack of credibility of the cross-country studies and difficulties in un-
equivocally defining what to count as conflict costs are just two basic reasons why
the discussion is going on. To achieve greater credibility, researchers started to
focus on specific channels, through which hostilities affect economic outcomes
(Blattman and Miguel (2010) and Mueller| (2013) provide comprehensive sur-
veys). In doing so, however, the field seemed to pay little attention to the relative
importance of the different channels and the way they contribute to the aggregated
decline of economic activity. Even after assuming a perfect external validity, of
the micro-studies, it remains unclear how one can compare the findings of Besley
and Mueller| (2012) on the change in house prices due to terrorist attacks or de-
cline in trade volumes caused by civil war in Martin, Mayer and Thoenig| (2008)
to the aggregated GDP loss estimated by |Abadie and Gardeazabal (2003).

Lack of attention to the question might lead to a misinterpretation of the com-
monly observed patterns such as a rapid economic recovery that usually follows
the end of the war. For instance Blattman and Miguel (2010) propose the neoclas-
sical model of economic growth as a unifying framework, where a war introduces
a negative shock to the capital stock, which recovers quickly due to an assump-
tion of a technology-augmented labor force. But the production might stop dur-
ing the war due to indirect effects: for instance, because the hostilities destroyed
the transport infrastructure or because agents are reluctant to transport the al-
ready produced goods to their customers because of the insecurity. In the case,
the war affects the economy as a trade tariff. Anincrease in the costs of trade, not
the destruction of physical assets, would be a major factor that contributes to the

decline of economic activity. It is important to distinguish between the two effects

IThe point of view finds support in numerous empirical studies on a macro (Collier et al., 2003;
Garfinkel and Skaperdas| 2012;|Brauer and Dunne, |2012) and a micro scale (Blattman and Miguel,
2010; Ray}, [2010).



because it implies different policy responses. In the case of the capital depletion,
one needs to provide finance to private agents to restore physical assets. In the
second case, the government should focus on recovering public infrastructure,
restoring confidence, and guaranteeing security.

In the current study, I address the issue using the context of a large-scale
separatist insurgency in Eastern Ukraine to disentangle several channels of the
conflict-related costs using a quasi-experimental setting as a foundation for the
difference-in-difference estimator. I start by estimating the impact of the sepa-
ratist territorial control on the nighttime luminosity of the urban areas. After
that, I try to disentangle the effect by using an exogenous exploiting the effect of
a trade shock introduced by the government’s trade ban with the separatist terri-
tories. The point estimates in the preferred specification imply that the trade ban
reduced luminosity in a range between -20.3%. The estimate constitutes roughly
half of the negative impact induced by the separatist control. I argue, therefore,
that the increase in trade costs accounted for roughly one-half of the luminosity-
decline in the separatist-controlled areas. Additionally, I investigate other events
that could cause a negative impact on the economic performance: break-up with
Ukraine’s banking sector, withdrawal of the public services and social security
payments and worsening quality of public governance. I find no evidence that
any of the channels had a statistically significant impact on the luminosity lev-
els in the separatist-controlled areas. In line with Besley and Mueller| (2012) and
Ksoll, Macchiavello and Morjaria (2009), the paper argues that the puzzle is most
likely to be explained by negative expectations of the agents prior to the active
policy interventions by Ukraine’s government.

The study contributes to several strands of literature. First, it enhances the lit-
erature on the economic costs of conflict by highlighting how the war affects eco-
nomic activity by impeding trade and shows how much it could account for an
aggregate loss in economic activity (Mueller, 2013; Amodio, Baccini and Di Maio,
2017). Second, it provides a new application for using satellite data as a proxy

for economic activity in war-torn regions (Chen and Nordhaus, |2015; Li and Li,



2014; Li et al., |2017). Third, it gives a first systematic account on assessing the
costs of conflict in Ukraine, which got - given its size and intensity - limited at-
tention in the economic literature with an exception of just several contributions
(Zhukov, 2016 (Coupe, Myck and Najsztub), 2016 Gorodnichenko and Talavera,
2016; Mirimanoval, 2017; Makarin and Korovkin, 2018).

2 Setting

2.1 Context of the Conflict and the Territorial Control

The Donetsk People’s Republic (DNR) and the Luhansk People’s Republic (LNR)
are two unrecognized states that are located on the territories of Donetsk and
Luhansk respectivelyf| The region, commonly referred as Donbass, was a highly
industrialized region with 6 million people living there prior to the war (see
Figure for the exact location of the unrecognized states)[| DNR and LNR
proclaimed their independence from Ukraine in Mai 2014, two months after the
protest opposition in Kiev overthrew the administration of the previous presi-
dent of Ukraine, Viktor Yanukovich. See Figure 2| for the territory controlled by
the insurgents.

The immediate roots of the separatist insurgency in Eastern Ukraine trace
back to the results of the confrontation between the president Yanukovich and
the protest opposition, whose leaders demanded to stop political repressions and
continue the process of Eurointegration (Kyivpost.com, 20130)f] By the end of

February 2014, the protests resulted in hostilities between the demonstrators and

There is no consensus about how to properly refer to the DNR and LNR republics. The truce
on February 12th, 2015 does not contain any references to DNR and LNR in the texts. The lead-
ers of DNR and LNR, who signed the truce, do not have any formal status in the documentﬂ
(OSCE, 2015). Media tended to strategically select labels of the DNR/LNR armed supporters to
appeal to a certain connotation: Ukrainian media frequently called them terrorists (“boyoviks”)
(Segonya.ua), 2014), militants, and Russian occupation troops (UNIAN| 2017) whereas, Russian
media tended to call them rebels (“povstanci”) (RBK} 20144) and militiamen (“opolchency”) (RIA)}
2018). This paper calls them “separatists” following |[BBC| (20144) although the term might not
carry the ‘neutral” representation.

*Media and public persons frequently use the term ‘Donbass’. Donbass is a name for a coal-
mining region in the contemporary East-Ukraine with no strict borders. Media, however, use
the name as a shortcut for the Donetsk and Luhansk administrative regions together. I follow the
convention in my paper as well.

>See the complete breakdown of the major events in Appendix
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the state security forces with at least 88 dead people (BBC, 2014a). After sign-
ing a political agreement with the opposition next day, Yanukovich fled from the
country and was dismissed from his duties by the Parliament on February 22nd.

Despite wide support of the interim government in Kiev, the elites faced a se-
ries of the pro-Russian rallies in East Ukraine starting from early March. Starting
as peaceful rallies, it turned into an armed rebellion when a group of insurgents
under command of Igor Girkin — led by the group of “volunteers” from Russia
— stormed police headquarters and set up checkpoints in the city of Sloviansk in
the North of the Donetsk region (Rachkevych, 2014). The actions motivated the
interim government to launch a military operation in East Ukraine.

The contemporary territorial control between the separatists and the govern-
ment was barely predictable at the beginning of the war. Ukraine’s Govern-
ment expected to eliminate insurgents immediately but the military operation
launched on April 15th stalled quickly (Smith-Spark and Morgan, 2014; BBC,
20144). The separatists, on the contrary, expected an intervention from Russia
similar to the Crimean case and planned to spread their territorial control to the
other Eastern and South-Eastern regions of Ukraine. According to the military
leader of the insurgency, it was “a shock” when insurgents realized it is not going

to happen:

We thought that the Russian administration will come, Russia will or-
ganize the rear and there will be a new republic within Russia. And I
did not think about any kind of state-building. But later, when I real-
ized that Russia will not absorb us (I associated myself with a militia)

- the decision was a shock for us. (Zavtra.ru/ (2014))

The conflict outcome was particularly dependent on the ambiguous positions
of Russia and the foreign countries involved in the conflict resolution (Pravda.com.ua,
2014). By August 2014, the rapid advances of the State troops forced the insur-
gents’ groups to leave the initial areas of the armed insurgency and move into the
regional capitals: Donetsk and Luhansk (see the upper panel of Figure [2). Girkin

stated that August was the critical month for the insurgency. Government forces
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encircled the insurgents, which lacked provision and firearms:

In August — at the peak of the crisis — we fought almost in an agony.
We simply tried to fix the holes [in the defense — A.K.] and military
breakthroughs. We were completely encircled and could not break
through. [...]

I am accused of intending to leave Donetsk. To be honest, at a certain
point I stopped to believe that support from Russia would come at
all. Ijust stopped to believe! And nobody could guarantee me that.
(Zavtra.ru (2014))

The situation changed in the last week of August when insurgents suddenly
got reinforcements, whose background remains disputed. The insurgency back-
up helped to encircle several government military units and expanded the front
line to the south of Donetsk, which separatists had not controlled before (see the
bottom-left panel of Figure [2). By September 5th, the territorial control largely
took the form of the area close to a contemporary one (as of May 2018) with an
exception of the Debaltsevo settlement, which was taken over by separatists in
February 2015. By February 2015, representatives of both sides signed the truce
that regulated the peace process and implicitly settled the areas of the territorial
control between the parties. After the end of February 2015, no large changes in
territorial control occurred. Although the war intensity seemed to decline after
signing the second Minsk agreement — a diplomatic document that established
a framework for diplomatic negotiation between the government and separatists
in February 2015 — armed skirmishes, explosions, and shell bombings continue
to happen regularly with varying intensity (OSCE.org, [N.d.; Chernenko, 2018).

As of May 2018, separatists controlled around 30% of the Donbass area: the
territory similar to the size of Northern Ireland and Israelﬂ Although there is no
readily available official statistics at a fine spatial resolution, the indirect assess-

ments based on the GAR dataset (De Bono and Chatenoux, 2015) show that the

®The estimated area of the territorial control of separatists - based on the georeferenced maps
by the author - is 16.5 thousand sq.km. The area of Northern Ireland is around 14.1 thousand
sq.km., for Israel: 20.8 sq.km.



basic economic characteristics (such as the average number of people living in ur-
ban areas and capital stock per capita) are statistically indistinguishable between

the separatist- and government-controlled areas at the level of 5x5 km cells.

2.2 State of the Separatist Economies

Prior to the war, the regions were part of a regional industry cluster of Ukraine
with a highly urbanized population. Donetsk and Luhansk regions specialized
in mining industries and accounted for 25% of total exports and 15% of the to-
tal GDP of Ukraine (Havlik and Astrov, 2014). With the notable exceptions of
Coupe, Myck and Najsztub, (2016), Mirimanova| (2017), and Gorodnichenko and
Talavera| (2016)), there was little academic contributions devoted to the state of the
separatist economies. The major source of evidence comes therefore from jour-
nalistic investigations. Some of the widely mentioned war-related factors that
contributed to the shrinkage of the economies are destruction of physical cap-
ital, mass emigration and market disintegration (Golovatjuk, 2017; BBC, 20154;
Gorodnichenko and Talaveral, 2016; Mirimanova, 2017} (Golunov and Artemev,
2015; Skorikl, 2017).

Additionally, Ukraine’s and Separatists’ governments introduced a number
of policies that should have had a negative impact on the local economies. The
policy changes are of particular importance because they allow for hypothesis

testing. Here is the list of the ones I exploit in the paper:

® December 1st, 2014: The government of Ukraine introduces a ban on bank-
ing operations in the separatist territories, stops social security payments
and withdraws all Government services from the separatist-controlled ar-

eas (Walker, 2014).

* January, 2015: Separatists start to re-register enterprises within their own

‘legal space’ (Golunov and Artemev, 2015).

* January 16th, 2015: The government of Ukraine introduces a trade ban on

the occupied territories except for strategically important products. Major



industrial enterprises continue to operate (Rada.gov.ua, [2014).

e January 25th, 2017: Ukrainian activists block several roads and railways to
stop the remaining trade between the mainland Ukraine and the enterprises

of the separatist areas (Euromaidanpress.com, 2017b).

* March 3rd, 2017: Separatist authorities introduced an “external administra-
tion” at 46 companies previously operating in the Ukrainian legal space (43
in DNR, 3 in LNR). Company owners called the process a nationalization

(Euromaidanpress.com) 20174).

* March 16th, 2017: The government of Ukraine imposes a complete ban on
the cargo movement to the separatist-controlled areas (Euromaidanpress.com,

2017).

Despite the attempts of the government of Ukraine to isolate DNR and LNR
economies, there are several channels that kept them connected with both the
Ukrainian and external markets. Until 2016, the government-controlled areas
of Donetsk and Luhansk continued to supply both water and electricity to the
DNR and LNR consumers with little to no payments in return (Kirillov, 2017).
Apart from that, the biggest DNR/LNR enterprises continued to operate in the
Ukrainian legal space - until their de-facto nationalization in March 2017 - supply-
ing goods to the Ukrainian ‘mainland” and refusing to pay taxes to the separatist
‘authorities” (Golunov and Artemev, 2015} Skorik, 2017).

Media investigations reported that Russia supplies gas and electricity energy
to the region and finances the overwhelming part of the local state budgets (Fa-
deeva and Serkov, [2018; Golovatjuk, 2017} Golunov and Artemev, 2015). Jour-
nalists also mention that some DNR/LNR enterprises sell their goods across the
Russian border or establish /use firms in Russia to export goods to the third coun-
tries (Golunov and Artemev), 2015; BBC| 20154; |Golovatjuk, 2017).

One particular feature of the region was the prevalence of vertically integrated
companies that possessed business assets in various parts of the regions. A dense

railway network served to establish dense value chains between mines, manu-



facturing enterprises, and harbors. The Minsk-II agreement left parts of the en-
terprises on either side of the contact line: most of the coal producing mines fell
under control of separatists, whereas the major coal consumers (mainly the ther-
mal power stations) and the city of Mariupol, which has the only harbor in the
region to ship goods for export, are located in the government-controlled areas.
The split imposed a break-up of the traditional value chains forcing the compa-
nies either to find alternative supply routes or set the production sites idle DTEK
(2015, 2016); Metinvest, (2015).
The aforementioned factors - the remaining connections with the rest of Ukraine,

negative spillover effects and the incomplete isolation from the external markets
- will have implications on the direction and the size of the bias of the estimators

in the regression analysis. I discuss and address the issues in section 5|

3 Data Sources and Processing

I use two major data sources in my analysis. The first one is the nighttime satellite
images of Earth provided by NOAA|(2018). I process the images and calculate the
values of the nighttime luminosity, which I use as a proxy for economic activity.
AsHenderson, Storeygard and Weil|(2012) and Chen and Nordhaus|(2015) argue,
luminosity can be a suitable proxy for GDP in certain cases. Albeit the nighttime
lights are prone to measurement error, there are several reasons to use them in
the study. First, it is one of the few ways to measure the state of economies in the
regions with absent manually produced statistics. Both economists and geogra-
phers applied them in a variety of contexts from measuring poverty (Pinkovskiy,
2017; Pinkovskiy and Sala-i Martin, 2014) and studying the effect of international
sanctions (Lee, 2018) to estimating the economic costs in the war-afflicted areas
(most notably in the context of the civil war in Syria (Li et al., 2017} |Li and Li,
2014; Witmer and O’Loughlin, 2011) and in a short note with an application to
Ukraine by (Coupé and Obrizan, 2016)). Second, contrary to the standard na-
tional accounts, they cannot be manipulated. At last, the nighttime lights allow

extracting spatially referenced information at a more detailed scale than tradi-
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tional data sources, allowing to perform analysis beyond the observational units
defined by the administrative borders and increase the number of observations
in the sample.

In the study, I use the VIIRS cloud-free satellite images of NOAA| (2018) to
compute luminosity in Ukraine at the level of individual cells with the size of
0.01x0.01 degrees (approximately 0.605 sq. km at the 48 degrees of latitude,
where Donetsk - the largest city of the region - is located)[| Unfortunately, im-
ages for Ukraine are available from October to March only as sunshine in other
months compromises images in the other months of the year. Thus for each year,
I am able to track luminosity for half of the year with a gap between March and
October.

The VIIRS nighttime images are considered to be superior compared to the
previously used DMPS-OLS satellites in several respects: the sensor does not sat-
urate, performs an onboard calibration of the images, has a finer resolution and
has a constant effective instantaneous field of view that prevents blurring dark
pixels by the light ones (Elvidge et al.,|2013)). Yet the finer resolution has its draw-
backs. VIIRS tends to capture lights that are temporal in nature and might not be
caused by human productive activity (fires, flares, boat lights etc). To mitigate the
problem, I extract only the cells within the urban areas of Ukraine only. I utilize
the MODIS shapefile as a mask to define the urban areas, split them into a cell
grid and extract the mean cell luminosity for each month available from January
2013 to December 2017 F| Moreover, some of the image cells have negative values
due to the calibration of the images. The processed cells within the urban areas
of Ukraine spanning from January 2013 to December 2017 contain 1352 (out of
746796 cells) observations with negative values. I set the values of the images

equal to zero. As some of the cells were split by the mask of the urban areas, I

71 degree contains 100 arc-minutes or 3600 arc-seconds. The area on the surface of the Earth -
assuming it is a perfect circle - is calculated according to the following formula: .S = (m X cos(d) x
N)?2, where S is the square, s is the distance measured in arc-minutes, d stands for a degree of an
angle, and N is a value of a nautical mile. In the case, m = 0.6 (because 0.01 degree contains 36
arc-seconds), d =48, and N = 1852 m.

8The MODIS dataset uses a machine learning algorithm to classify Landsat imagery of the year
2002 into urban and rural areas. The predictive power of the classification on the test sample is
90%. See|[Schneider, Friedl and Potere|(2009) for details of the methodology.



delete cells with an area less than 551 000 sq. meters - the minimal resolution of
the VIIRS sensor - to keep observations with a comparable image quality only])|

Tables[E.1} [E.2} [E.3] [E.4]in Appendix [E]summarize the differences in the distribu-

tion of the variables after the changes of the dataset.

As a result, I obtain two balanced panel datasets with gaps between March
and October that contain mean monthly luminosity of the urban cells of Ukraine.
The first one spans from January 2013 to March 2016 and covers the total urban
area of Ukraine (Table[E.2). I use it to estimate the impact of the separatist control
on the economy. The second one spans from January 2016 to December 2017 and
contains the cells of the separatist territories only. I use the dataset to analyze
the impact of the trade ban, which was effectively imposed first by activists in
February 2017 and then established by the government since March 2017 (Table
E4).

To control for battle events, I use the ‘Cross-sub’ battle events dataset for the
Ukrainian conflict (Zhukov, Davenport and Kostyuk), 2017) that was first intro-
duced by Zhukov| (2016). Specifically, I use the district-level number of recorded
violent events (coded as All violence in the regression tables): protests, selective
violence (e.g. small arms), indiscriminate violence (e.g. artillery and air strikes).
The dataset has several advantages compared to the other available alternative
datasets: it is collected by using a support vector machine classifier enabling to
analyze the media messages faster and at a greater scale compared to the man-
ual processing, Zhukov uses his own training and test dataset collected specifi-
cally for the study on Ukrainian conflict, the dataset is collected using the media
reports from both Ukrainian, Russian and English-speaking sources minimizing
the media bias (see Zhukov|(2016) for more details on the data collection process).

I use the district level borders of Ukraine from the GADM Project as of Au-
gust 2015 (Hijmans, Garcia and Wieczorek, 2015) and digitized the contact line
using the map that was apparently used for negotiations during the first Minsk

agreement (UNIAN| 2015) adjusted for the advances of the separatists since then

9The minimal resolution of the satellite at nadir - point on the Earth’s surface orthogonal to the
location of a satellite - is 742 x742 = 550 564 m.

10



using the manually georeferenced map of Ukraine’s ministry of defense (Medi-
arnbo.org, 2018).

To investigate the impact of the trade ban in 2017 on the luminosity in sepa-
ratist republics, I georeferenced the locations of the industry and mining enter-
prises (from the list of Euromaidanpress.com! (20174)), to which the ban became
applicable and presumably had a high share of labor in production (see the full
list in Table [C.T). Each cell within 3.5 Km away from any of the enterprises was

assigned I counted as to be affected by the trade ban.

4 Descriptive statistics

Tables [3} ] provide the first glance at the changes occurred to the luminosity in
Donetsk and Luhansk regions. Comparison of the means reveals that the lumi-
nosity of the separatist-controlled areas declined stronger than in the ones con-
trolled by the state forces.

The change of logarithm of luminosity declined in DNR areas from -0.519 to
-0.99 vs -0.717 to -0.803 in the state-controlled ones of the Donetsk region (-0.916
to -1.537 in LNR vs -0.846 to -1.871 for the state-controlled areas of the Luhansk
region). One has to keep in mind, however, that the variation of the luminosity
cells is too great to claim that the results are statistically different from each other.
Yet, as the subsequent regressions will demonstrate, accounting for time and in-
dividual fixed effects support the conclusions that follow from the changes in the
means.

Figure |3| demonstrates the evolution of luminosity in the surroundings of
Donetsk — the largest urban area of the region’| — in January of the four con-
secutive years from 2014 to 2017. One can clearly see how the luminosity drops
from 2014 to 2015 and recovers in the later years.

One may notice a similar pattern for the aggregated change of the log of quar-

terly luminosity over the observed period of time. Figures and give a

0The pre-war population was close to 1 million inhabitants (1/6 of the whole Donbass region
and 2% of Ukraine’s total as of 2011.
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sense of the relative differences in nighttime luminosity for the government- and
separatist- and Russia-controlled areas from 2013 to 2016.

Notice that in the case of Donetsk and Luhansk (to a somewhat lesser extent
though) both government- and separatist-controlled areas show similar trends
prior to the conflict with a change of the trajectory thereafter. The separatist-
controlled cells, however, show a greater decline and a slower recovery than the
government-controlled ones. Yet the luminosity dynamics of Crimea - whose
economy did not experience an armed confrontation, showed the same dynamics
up to the last quarter of 2015 when the electricity supply from Ukraine to the

peninsula was stopped (Fadeeva and Serkov, 2018).

5 Econometric Results

5.1 Estimated Model

To estimate the impact of the separatist regimes on the economies, I apply a

difference-in-difference estimator assuming the following model:

In(lum); a,¢ = Bo+1 xDNR; x (Post April 2014),4 5, x LNR; x (Post April 2014),+

B3 x (Battle Events),;, + p-id+7-t+d-rt+¢e;; (1)

Where In(lum); 4., is luminosity of a cell ¢, in a district d, region r, and time ¢;
DNR,; x (Post April 2014), and LNR; x (Post April 2014), are interaction terms that
take value 1 in case the cell i fell under control of the DNR or LNR separatists,
which changed at a date #, (Battle Events), , stands for a number of the district-
level battle events in a cell ¢ at a period ¢, r and t are vectors of dummies for
individual and time fixed effects for every cell ¢ and time ¢ respectively, rt is the
vector of interaction terms between a region r and time ¢ such that the number
of regions r is strictly less than the number of cells [T The coefficients 3, and

2 present the major interest of the studies because they show the effect of the

nStated more formally rt = [Tlth ’I"1t2, . ,Tltt_1|7"2t1, T2t27 . ,Tgtt_1| . ‘T’Ttl, Trt27 PN rrtt—l]'
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separatist control on the luminosity of a cell <.

A potential pitfall of the estimation procedure is the violation of the stable unit
treatment variable assumption, which may appear in the results of the present
study in two ways.

‘Cross-border” migration is the first cause for concerns. Despite the restric-
tions on the movements of people and goods imposed by Ukraine’s Government
in January 2014, the population of Donetsk and Luhansk could massively migrate
away from the separatist territories at the early stages of the conflict and could
potentially increase the light intensity in the government-controlled areas. It is
hard to verify, to which extent migration affected the luminosity as there is not
enough data to make reliable estimations

Another potential pitfall is related to the existing economic ties between the
urban economies. Cities in close proximity could have strongly integrated econo-
mies. Thus, the shocks introduced in the separatist-controlled areas could have
a negative spillover effect on the government-controlled areas blurring the dif-
ference between the treatment and control group. Gorodnichenko and Talavera
(2016)) pointed out that the price movements for a basket of basic consumption
goods in government-controlled areas move differently compared to prices in the
separatist-controlled areas of Donetsk region indicating a weak market integra-
tion between the regional economies. Nonetheless, their analysis covers the time
span from October 2015 to March 2016 and their conclusions might not apply to
the early stages of the conflict. Yet even if the spillover effects would take place,
the estimates would be biased toward zero as the negative shock would propa-
gate in the neighboring regions (attenuation bias). Thus in case of the statistically
significant coefficient, the point estimate would be of a lesser magnitude than the
counter-factual providing a stronger argument in favor of the causal effect.

I address both of the issues in three ways. To account for spatial spillovers,
I estimate the model with time-specific regional shocks (an interaction term be-

tween the dummy of a region and a time dummy) similar to the approach demon-

120n the other hand, the large-scale conflicts usually ignite mass migration, which is a natural
reaction to insecurity and is hard to prevent once the conflict started. Therefore, the migration-
biased estimations could be of greater interest for the decision-makers.
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strated by |Dube, Lester and Reich| (2010) with an exception that I allow for greater
flexibility of the shocks without restricting them to individual linear trends only.
This type of modeling should account for idiosyncratic shocks that happened for
all cells in a region r in a time period ¢. First, I estimate the model with two re-
stricted samples. One subsample excludes the cells that contain a segment of a
contact line. The second one restricts the sample to the cells that are located 20-40
KM away from the contact line. The purpose of the sample restriction is to pick-
up cells that are similar in characteristics but are less likely to be affected by the
spillover effects due to as they are more distant from each other than the direct

neighbors.

5.2 Difference-in-Difference Estimates of the Separatist Control

Table 5| presents the baseline results. It estimates the impact of the separatist
control on the nighttime luminosity for three samples: column All estimates the
difference for all regions of Ukraine, column East Ukraine estimates using cells
of five most-eastern regions onlyﬂ column Donbass estimates using urban areas
of Donetsk and Luhansk regions only. The benchmark result is the estimates
performed for the Donbass subsample as the control group there is most likely to
be similar in unobserved characteristics.

Regardless of the sample (the full or the censored one), coefficients of the
DNR- and LNR-control are statistically significant at the 1% level and are neg-
ative: -0.327 for DNR and -0.579 for LNR in a simple regression. Adding controls
that account for violence intensity and the effect of the Minsk-II truce increases
the effect: -0.480 for DNR and -0.706 for LNR. Since the regressions are of the log-
level form, the point estimates would imply a 30% decline in the cell luminosity
after introducing a DNR-regime and a 40% decline for an LNR-regime (-38% and
-51% respectively after adding controls). The differences in magnitudes of the
DNR- and LNR-control are in line with the previous observations made by media

(BBC, 20154) and Mirimanova| (2017), who pointed out that the LNR-controlled

B3That is Kharkiv, Dnipropetrovsk, Zaporizhia, Donetsk, and Luhansk
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areas experienced a sharper economic downturn. Note that the effect of the truce
agreement is significant for the DNR-controlled areas but not for LNR one - an
increase of log luminosity by 0.265 or 30% for the Donbass sample.

As it follows from the estimations that do not account for additional controls,
the magnitude of the coefficients declines with the average distance to the war-
afflicted areas. For instance, the point estimate for the DNR-control with the
model that contains all regions of Ukraine (column All) is -0.826 (-1.077 for LNR-
control), while the estimated effect for the Donbass subsample is -0.327 (-0.579 for
LNR-control). The pattern remains the same irrespective to controlling for battle
events, aggregation by quarters, restricting the sample to years 2013 — 2014 only
or excluding the districts crossed by the contact line (see Tables [} [E.5| [E.9).

This observation is important for the discussion on the direction of the bias
caused by the spillover effects. If they would be at work, the decline in the mag-
nitude of the point estimates would support the view that the negative spillovers
are stronger than the positive ones. The assumption is that the regions close to
the war-torn areas must be affected by the consequences of war greater than those
unaffected directly by them (East Ukraine or Ukraine in general). Since the differ-
ence in the luminosity levels between the control and the treated group declines
with the distance to the war-torn regions, the negative spillovers must be greater
than the positive ones leading to an attenuation bias.

I test the robustness of the estimates in several ways. First, I exclude the cells
that are located in the districts that contain a segment of the contact line that
divides the separatist- and government-controlled areas. A concern is that local
population and enterprises could strategically regulate the light illumination for
security reasons (e.g. to permanently turn off lights to avoid artillery strikes or
looters). As it follows from Table [f| reducing the sample size in the following
manner does not alter the previous conclusions. The major change occurs in the
relative magnitude between the coefficients for the DNR-, and LNR-control but
the standard errors are too large to claim a marked difference between the two.

I additionally test the robustness by selecting the cells that lie within 20-40 km
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away from the contact line. The lower bound for the distance of the sample is
mainly driven by the effective distance of the employed artillery to fire on tar-
get. [*| The upper bound is selected to include enough observations that would
include some government-controlled cities that were occupied by the separatist
forces during at start of the conflict (April — June 2014).

Figures [D.5[show the change of the average luminosity in the areas within
the range for Donetsk and Luhansk regions. As one may notice, the pattern is
similar to the one observed for the full sample of Donetsk and Luhansk regions.
Table 6 confirms the impression. The values of the point estimates are similar to
the ones obtained in Table 5 but with somewhat lower standard errors.

To evaluate whether the obtained point estimates for DNR- and LNR-control
could be driven by expectations, I estimate regressions with a placebo treatment:
a dummy variable that turns 1 for the separatist-controlled regions before the war
started and is 0 otherwise (Bertrand, Duflo and Mullainathan, 2004). I introduce
the placebo treatment in December 2013, when the massive protests against Yanu-
kovich became permanent. I select the event as a placebo due to the high media
coverage and a presumable impact on the protests in Donbass later on. To avoid
multicollinearity between the placebo and the ‘true treatment’ variable, I restrict
my sample to years 2013-2014 only.

Table [E.6[shows that the estimations for the placebo treatment alone and with
the “true treatment’. In the first panel, the coefficient of DNR-control is insignifi-
cant at 5% level, while the contrary is true for the LNR-control one. Yet the point
estimates for it are at least two times smaller than the point estimates in Table
and the coefficients are no more significant when both placebo and ‘true treat-
ment’ are present in the regression. Notice also that the ‘treatment’ regressors
stay virtually unaffected for the main control group (Donbass) and specifications

with the region-specific time shocks.

142519 “Msta-S”- a 152.4 mm self-propelled howitzer used by both government and separatists
armed forces — has a maximal range of fire within of 25 km. Albeit according to the Minsk-II
agreement, all artillery systems of caliber 100 mm and more must stay ca. 25 km away from the
contact line, the media continuously reported about violations of the rule. Yet, it is unlikely that
artillery of the type would be used within the distance of 5 km around the contact line, as it comes
within the firing range of the portable infantry mortars.
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Tables in Appendix [E| show additional regression results with

other specifications that include standard errors clustered at the regional level,
estimations for years 2013-2014 only, and estimations for quarterly luminosity.

The results discussed above remain robust to the changes for all of them.

5.3 Impact of Trade

The estimates of the previous subsection showed the effect of the separatist con-
trol on the nighttime luminosity. The results, however, show the aggregated effect
and do not provide much information about the relative importance of different
the channels that had an impact on the Donbass economy. I now exploit the
trade ban - imposed by the government of Ukraine on the separatist-controlled
areas - to identify the impact of the break-up of trade between the separatist and
government-controlled areas.

In February 2017, the DNR- and LNR-governments introduced an ‘external
administration” at 46 enterprises that did not work in the ‘legal space’ of the
separatists, continued to export goods to the third countries, and paid taxes to
the government of Ukraine. The decision was formally caused by the actions of
the pro-Ukrainian activists, who blocked the railroads connecting the separatist
and government-controlled areas starting from January 25th, 2017. According to
the DNR-messages, the ‘external administration” was introduced as a temporary
measure until the government of Ukraine unblocks the railway routes. Albeit
Ukraine’s government claimed to free the tracks by the beginning of March, the
‘external administration” remained in force. As a result, Ukraine’s government
prohibited trade with the enterprises leading to a complete trade ban with the
separatist economies.

The event could cause a negative impact on luminosity for the following rea-
son. Most of the enterprises were major regional industrial plants (steel, coke,
chemical production plants), coal mines and energy firms that had strategic im-
portance for the region and local employment. As the trade ban effectively cut

off the enterprises from their major market - Ukraine - it should negatively affect
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local real wages and reduce consumption. Assuming that the households resid-
ing closer to the enterprises are more likely to be employed there, the luminosity
should fell down stronger in the areas close to the affected enterprises.

To identify a possible effect of the ‘external administration” and the trade ban
on the separatist economies I compare changes in luminosity in the urban areas
that were most likely to be affected by the ‘policy” with the all other urban areas
within the territory of DNR. I restrict the sample to DNR only because only 3 of
the nationalized enterprises were in LNR imposing a severe limit on the sample
size. I proceed in the following way: I georeferenced the locations of the national-
ized enterprises in DNR listed by (Euromaidanpress.com, 2017b). After manually
georeferencing the locations of the enterprises using online search machines (see
Table for detailed information), I assigned the treatment status to the cells
that are located within a circle radius of 3.5 km away from any of the enterprise
(see Figure|6).

The area of the circle radius was selected to be approximately equal to a sin-
gle city district of Donetsk (38.5 sq.km) that had around 100 thou. inhabitants
per districts prior to the war. The control group for them consists of the cells
that lie beyond the distance. To assure comparability and minimize the impact
of expectations, I compare the luminosity levels for the cells from January 2016
to February 2018 with February 2017 as a date when the trade ban was imple-
mented [

A valid concern with respect to the identification strategy is related to the ex-
pectation of companies’ management. The separatist leaders had a clear incentive
to establish effective control over the major enterprises to collect taxes from the
most valuable business assets Golunov and Artemev| (2015). The management of
the enterprises could, therefore, anticipate the events to come sooner or later and
adapt their business strategies that would result in lower economic performance

(for instance by cutting capital expenditures). Figure [7] demonstrates, however,

15T assume that all agents realized that separatist rule is going last long (and, therefore, formed
their long-term expectations) by January 2016. First because as aggregated luminosity started to
recover starting from the year (see Figures [} [5). The recovery is also reflected in the business
surveys of small and medium enterprises by Mirimanoval (2017). Second, because neither side
was able to advance its territorial control since March 2015.
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that the negative expectations did not take place as the luminosity of the presum-
ably non-affected and affected areas do go in parallel prior to the treatment.

To test the robustness of the estimates, I provide the analysis for the subsam-
ples selected exactly the same way shown in the previous subsection. Namely, I
exclude cells within the districts that contain a segment of a contact line or select
only the cells within the 20-40 km distance from the contact line. Unfortunately,
the battle dataset by Zhukov, Davenport and Kostyuk! (2017) does not extend be-
yond March 2016. Thus all estimates do not account for battle events that could
happen. To mitigate the issue, I provide estimations that control for the district-
specific time shocks as a way to control for battle events at the district level. As
Figures suggest, however, the sample selection is probably not balanced
good enough as luminosity in the ‘treatment’ regions was growing faster than
in the unaffected regions prior to the trade ban. I thus refer to the sample that
contains all regions (column All) as the benchmark one.

Table |8 shows the range of the point estimates of introducing the trade ban
for the different subsamples. The regressor of interest is statistically significant at
the 5% level among five out of six specifications with the only model, at which
one can reject the null hypothesis at the 10% level['| The point estimates vary
considerably once the district-specific time-shocks are introduced: from -0.196 to
-0.337 in the baseline model and -0.096 to -0.227 after controlling for district-level
trends. Yet as the limited samples reduce the number of ‘treated” cells (Naz;, =
643, Nycr, = 151, Nyg_y9 = 74), I assume that the model with the district-specific

time shocks (-0.227 implying -21% decline) is more accurate.

Tables [E.11} [E.12} [E.13| show that the results remain robust to placebo test (the

placebo is set in October 2016 such that the length of the placebo treatment is
twice as long as the ‘true” one). Although the coefficients for the placebo treat-
ment is statistically significant in a few specifications, the magnitude of the effect
is smaller than for the ‘true’ treatment. Moreover, the statistical significance for

the placebo-effect disappears as long as both the true and placebo treatments are

1°One has to keep in mind, however, that the subsample contains only 74 unique ‘treated’
observations and a lot of additional controls are introduced due to district-specific time-shocks
drastically reducing the degrees of freedom.
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estimated jointly.

6 Discussion

The estimates in the previous sections identified an aggregate impact of the sepa-
ratist control (-38% to -50% in the benchmark model with controls) and an impact
of the trade disruption coupled by a de-facto nationalization of assets (-20.3%).
Since we cannot be sure whether the effects are driven by the nationalization,
most likely it was the trade ban that accounted for a fall in economic activity in
the second case. Thus if the early stages of war appeared to be as prohibitive to
trade as the trade ban introduced later, then half of the observed negative effect
in Tables could be attributed to the trade disruption only. Are there any
reasons to believe it is indeed the case?

There are several of them. First, consider the differences in the point esti-
mates between the DNR- and LNR-control and the respective effect of the truce
implementation presented in Table 5| The point estimate for the impact of the
truce in case of the DNR-controlled regions is 0.265, which is very close to the
magnitude of the trade disruption induced by the trade ban in February 2017.
Note also that the differences in point estimates between the DNR- and the LNR-
control in the baseline estimates is equal to 0.226. This difference is also likely to
be drawn by the severity of the trade disruption. According to surveys of small
and medium enterprises in both state- and separatist-controlled areas (N = 100)
by Mirimanova| (2017), Luhansk enterprises experienced a stronger break-up of
trade relationships in the very beginning. By 2016, only 15% of the SME in LNR
confirmed they keep the supply chains with the Ukrainian partners directly or via
third parties. This is 30% less than the value reported by the DNR entrepreneurs.
Donetsk region also has twice as many corridors (four versus two) that allow to
migrate people and move goods across the contact line.

Some limited evidence comes from the pre-war external trade statistics cou-
pled with some pencil and paper calculations. According to pre-war statistics of

2013, Donetsk region had a positive trade balance of 68 billion USD with a pre-
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war GDP of 171 billion USD (Osaulenka) 2014) implying the ratio of trade balance
to GDP equal to 40%. Assuming that a trade ban would drive export to the level
of import |/} the obtained estimates of a 20% impact easily fit in the range. An-
other piece of evidence from the dynamics of coal production - the major mining
good in the region (see Table[9).

Production of the anthracite types of coal by DTEK - the largest coal mining
and energy company of Ukraine that controlled two-thirds of the coal production
in Donbass - dropped by 9.7 Mio tons from 2013 to 2015. Albeit the total regional
production of the anthracite is unknown since 2015, it was most likely equal to
the amount produced by DTEK because the company remained one of the few
coal producers, which were able to sell coal to the “‘mainland” Ukraine after the
war started [’ As of July 2017, the DTEK management estimated that separatists
transported 0.2 Mio tons of coal per month to Russian Federation implying 2.4
Mio tons annually. If the estimation is right, the trade ban resulted in a drop of
the anthracite production by 7.2 Mio tons. The decline of the coal production after
the trade ban is, therefore, 74% of the production decline in the first two wartime
years indirectly supporting the claim that the trade costs could account for half
of the impact in the overall decline in economic activity at the early stages of the
conflict.

The last piece of evidence comes from the company reports. A senior manager
of the DTEK Group stated in August that the firm cannot transport coal. Partly

due to security concerns, partly due to destroyed transport capacities:

Trolleys — the overhead power lines of the trains — are broken. The
railway lines and infrastructure at the railway knots are destroyed.
Employees do not go to the job due to hostilities. Moreover, there are
many armed groups, which do not have a central authority. [...] Even

if some DNR body gives us permission to move the goods, there is no

7Ukraine introduced a ban on export of goods from DNR and LNR unless enterprises re-
register in the government-controlled areas.

8 According to Ukraine’s minister of energy and coal, the total demand for anthracite of
Ukraine in 2016 was 9.5 Mio tons (Epravda.com.ua, 2017). The amount is very close to the vol-
ume produced by DTEK in 2016 suggesting that DTEK indeed was the only ‘official” anthracite
producer in Donbass since 2016.
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guarantee that another group will not stop it elsewhere. (Bystritckaia

(2014))

Note that it was the inability to transport goods, not a depletion of capital
stock at the mining sites that made the enterprise idle.

Conversely, the company reported a year later how the restoration of the rail-
way connection helped to drastically increase the coal supply from the separatist-

controlled areas:

In August, DTEK helped to restore Nikitovka-Mayorska railway pas-
sage that was destroyed during military operations in 2014. These
efforts allowed increased production and supply of coal from DTEK
Sverdlovanthracite, DTEK Rovenkyanthracite, and DTEK Mine Kom-
somolets Donbassa mines. In July-December 2015, TPPs [thermal power
plants - A.K.] of DTEK Energo received 2 million tonnes of anthracite
coal from these mining companies, which is 160% or 1.4 million tonnes
more year-on-year. In aggregate, the Company’s TPPs received 3.2

million tonnes of coal from the ATO zone. (DTEK| (2016))

The largest metal produced of Ukraine - the Metinvest holding - emphasized
in the 2014 report that “none [italics mine - A.K.] of our iron ore production as-
sets were damaged by the conflict” (Metinvest, 2015). Nonetheless, the railway

destruction impeded the supply of goods from the ores to the production plants:

Beginning in late spring 2014, amid the conflict in Eastern Ukraine,
key railway supply routes to our production assets were damaged or
destroyed, while other facilities were disabled due to damage to elec-
tricity lines and substations. The subsequent logistical bottlenecks led
to a significant drop in our production of coal, coke and crude steel.
The Donetsk railway suffered more than 200 incidents of significant
damage and lost up to 80% of its throughput capacity. (Metinvest
(2015))
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The inability to supply raw materials had a drastic effect on the production

plants and overstocking of the produced goods:

In August-December 2014, the two plants received around 30% of
their raw materials from the port and shipped more than 60% of their
steel products via it. [...]

Shipments of products from Krasnodon Coal were sharply restricted,

leading to overstocking of the mine’s warehouses. (Metinvest (2015))

Albeit the cases might look as suggestive evidence only, one has to keep in
mind that DTEK and Metinvest controlled 70% of Ukraine’s coal production and
30% of steel production prior to conflict respectively. And in both cases, the dam-
age to the energy and transport infrastructure appears to be at least as important
as the effect of insecurity and damage to the capital. The reports also suggest that
the slow luminosity recovery from mid-2015 shown by Figures @ [5| coincided
with the restoration activities and finding the alternative supply routes.

It thus seems likely that the trade disruptions accounted roughly for half of
the aggregated negative impact on the economy. In the next sections, I exploit
the introduction of other policies that can help to identify the other channels that

affected the wartime economies.

6.1 Withdrawal of Banking and Public Services

Starting from December 2014, Ukraine’s authorities imposed a ban on banking
operations, prohibited the social security payments and withdrew public ser-
vices on the separatist-controlled areas (Walker, 2014). If implemented strictly,
the measure would decrease local income levels and impose severe restrictions
on the business operations and credit supply. I test the effect of the measures
by introducing additional interaction dummy terms DNR-restrictions and LNR-
restrictions to the equation [T} which are equal 1 after November 2014 if the area is
under separatist control and 0 otherwise. I also limit the sample to the period of

January 2013 to March 2015 for several reasons: a) to avoid collinearity between
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the interaction terms, b) to exclude the possible support from Russia, which ap-
parently started to subsidize local state budgets from the end of March (Golunov
and Artemev, 2015).

I estimate the regression using the observations from January 2013 to March
2015. Table [10|shows, however, that if anything, there must have been a positive
effect of the measures. There are several potential explanations of the findings.
First, there is some evidence that the population of Donbass experienced serious
problems with the access to banking and public services starting from July 2014
(UNICEF, 2014). Thus the restrictions imposed by the government could have
little effect as the services were not effectively available since the start of the con-
flict. Additionally, a large chunk of the treatment period coincides with signing
the effect of the truce signed on February 12th, 2015.

Agents could also adopt strategies to mitigate the impact of the restrictions.
On the demand side, consumers most likely used their savings to compensate
for the falling income flow or register in the government-controlled areas and
get social security payments despite spending most of the time in the separatist-
controlled areas@ On the supply side, firms could adopt strategies to bypass the
imposed restrictions. Mirimanova| (2017) and journalists (Golunov and Artemev,
2015), (Golovatjuk, 2017) mentioned the following ones: a) registering enterprises
both in separatist and government areas, b) reselling their goods through third-
party companies in Russia or South Ossetia, c) smuggling the goods across the

contact line.

6.2 Quality of Public Governance

A second potential explanation is related to the quality of public governance. Lo-
cal entrepreneurs complained about the changes in the tax system and the intro-
duction of internal trade tariffs (Skorik, 2017). Enterprises, whose owners refused
to re-register enterprises in the separatist republics were either nationalized start-

ing from Spring 2015 or the executive managers got threats. Golunov and Arte-

YOSCE reported that 700 thou. people crossed the contact line every month in 2016 (OSCE.org),
N.d.).
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mev| (2015) reported that armed people kept the CEO of the “Donetskkoks” plant
in a trunk of a car for several days demanding to re-register the enterprise in
DNR.

To see whether one can find support for the effects, I compare the baseline es-
timates of the impact of the separatist control for the whole sample (Table 5) and
for the years 2013 and 2014 only (Table [E.5). As one may see, the magnitude of
the point estimates fell over time. Within the Donbass region, the point estimate
for the DNR-control was equal to -0.455 (-0.515 for LNR) for years 2013-2014 ver-
sus -0.365 (-0.421 for LNR) for years 2013-2016 (both estimates control for battle
events). The analysis is, however, undermined by fact that the changes coincided
with the second truce signed in February 2015 that led to a temporary decline in

the battle intensity.

6.3 Perceived Security

The last explanatory factor, frequently mentioned in the reports, is the change in
perceived security. As discussed in the previous subsection, the negative impact
of the separatist control on the economic activity was stronger in the first year
of the armed conflict. This also coincided with a large number of internally dis-
placed persons, most of which (98%) came from the Donbass area. Albeit there
are no sources that would contain information on the detailed (say district-level)
migration flows, the aggregate numbers are available. Figure[§|shows the number
of internally displaced persons (IDP) officially registered in Ukraine.

Although it does not account for refugees that fled to the neighboring coun-
tries, it is reasonable to assume that it provides a fair approximation of the dy-
namics of the total emigration from both separatist areas. Figure |§ makes clear
that the largest growth of the IDPs happened between June and December 2014.
Note that there is no strong correlation between the battle intensity and the num-
ber of the internally displaced people. The monthly flow was close to 100 000 per
month until December with the largest jump occurring between November and

December 2014, when the conflict intensity passed its peak and stayed stable for
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three months.

There is survey evidence that indirectly supports the hypothesis. In June 2014,
UNICEF (2014) found that around half of the surveyed people (N = 435) residing
in urban areas of Donbass confirmed that people in their districts made the plans
to leave. They also found the number of districts with a high perception of in-
security was greater than the number of the districts where the hostilities were
taking place.

One can also find supporting evidence at the “grassroots” level. The Donetsk
journalist Stanislav Vasin — one of the few ones that worked for the Ukrainian
media from inside of the separatist republics — described the emigration groups
from Donetsk as a two-wave process. According to him, the first (and the largest

one) was driven by emotional stress caused by the insecurity:

Some people, who had families with little children and were woken
up by the strikes of the rocket assault launcher in the yard, said it is
not Ukraine anymore. And it’s not even the war that mattered. For the
people, the war became a consequence of the euphoria of the neigh-
bors’, who truly believed that rocket launchers are needed because
there is a “Ukrainian nazi” standing just a few kilometers away from
there. The fact that the rockets were launched from a children play-
ground did not surprise anyone. The absurd became a catalyst for the
tirst emigrant wave, who left “DNR” and moved to the “mainland”.

(Vasin| (2016))

The second wave left the territories after realizing the separatist rule is going

to stay for a long time:

After a modest recovery from a shock in 2014 [...] the second ones
came. Those, who after living in an occupation for a year, decided
that the war is going to stay forever. And it does not matter when it
all ends because chances are it is not going to happen within the next

2-5 years. But even after that, one will have to spend years to rebuild
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everything that was destroyed, including people’s minds themselves.
This job is for the next generations. But those who lived in “DNR” at

least a year do not have extra time anymore. (Vasin|(2016))

Albeit one cannot find a more grounded quantitative support for the impact
of perceived security, it is the only discussed determinant that does not contradict

results presented in the paper.

7 Conclusion

The data on the nighttime lights in Ukraine allow reaching several conclusions
about the state of the separatist economies. First, the separatist-controlled areas
experienced a stronger economic downturn compared to government-controlled
ones: —38% for Donetsk region and -51% for Luhansk region. The difference in
the magnitudes between the two separatist areas appears to be in line with the
assessments suggested by media although the overall magnitude of the satellite-
based estimations is lower than -50%-80% reported by BBC|(20154) in May 2015.

Second, the trade disruptions caused by conflict or introduced by the eco-
nomic sanctions appear to play a significant role in the observed economic down-
turn. The second round of the trade ban against the DNR enterprises resulted in
a —20% decline in the local economic activity. Although one cannot identify the
impact of the trade distortions caused by the war actions during the early stage
of the conflict directly, the indirect assessments based on the post-truce recovery,
difference in the point estimates between Luhansk and Donetsk regions, and the
pre-war trade statistics suggest that the trade disruption accounted for roughly
half of the magnitude attributed to the negative effect of the separatist-rule.

This observation has an implication for the discussion about the effectiveness
of the economic sanctions, which frequently go hand-in-hand with the military
action against an enemy state. Despite the wide use of economic sanctions in in-
ternational politics, the record of cases when sanctions achieved their goal is poor

(Pape, [1997). Furthermore, the cases of North Korea (Lee, 2018) and Palestina
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(Cali and Miaari, 2015) show that they may even backfire and produce an oppo-
site result.

It looks like that the case of Ukraine is not going to improve the success record
of economic sanctions in its current state. The sanctions primarily target the
whole population and hit hardest those ones, who had the deepest trade con-
nections with the “rest of Ukraine” prior to the war. At the same time, the mass
turnout at the funeral of Alexandr Zakharchenko — the former prime-minister of
DNR assassinated in August 2018 — indicates that the separatist elites still enjoy
the public support. If this interpretation is right, the economic sanctions against
the separatist-controlled areas achieve little more than suppressing the local eco-
nomic activity, promoting smuggling and corruption across the contact line, and

dividing the opposing sides even more.
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A Tables

Table 1: Economic Characteristics of the 5x5 km Urban Areas of Government-
and Separatist-controlled Areas in Donetsk Prior to the War

Government (N = 112) Separatists (N = 128)

Variable Mean Std. Dev. Mean Std. Dev.
Population
Urban 12047 23238 19613 33920
Rural 5895 5440 7389 5360
Total 17942 23690 27001 33193
Capital Stock

Total Stock, Mio USD 117 157 177 220
Per capita, USD 6357 308 6430 251

Source: GAR 15 Dataset by [De Bono and Chatenoux| (2015), Only cells within the ur-
ban areas from MODIS-dataset|Schneider, Friedl and Potere| (2009) selected.

Table 2: Economic Characteristics of the 5x5 km Urban Areas of Government-
and Separatist-controlled Areas in Luhansk Region Prior to the War

Government (N = 40) Separatists (N =75)

Variable Mean Std. Dev. Mean  Std. Dev.
Population
Urban 12093 20290 16362 31011
Rural 4835 4187 5485 4152
Total 16928 20705 21847 30730
Capital Stock

Total Stock, Mio USD 92 113 119 168
Per capita, USD 5397 249 5449 225

Source: GAR 15 Dataset by |De Bono and Chatenoux| (2015), Only cells within the
urban areas from MODIS-dataset Schneider, Friedl and Potere| (2009) selected.



Table 3: Descriptive Statistics Before and At War, Donetsk Region

Before war: 01.2013 - 03.2014 At war: 10.2014 - 03.2016

State DNR State DNR
Mean sd. Mean sd. Mean sd. Mean s.d.
Luminosity 507 1987 6.19 12.15 2.82 7.94 2.88 8.60
Log Luminosity 065 129 0.99 134 -004 167 -0.06 1.66
Cell’s area (sq. km) 0.79  0.08 0.80 0.06 079 0.08 080 0.06
All violence 024 1.04 080 391 2245 1729 2423 19.50

Luminosity growth -0.72 120 -052 185 -080 0.77 -0.99 0.88

Notes: Luminosity growth g is calculated as follows g = In(Lum;41) — In(Lum,;). Sources: lumi-
nosity tiles: NOAA| (2018), regional borders: |Hijmans, Garcia and Wieczorek| (2015)), urban areas:
Schneider, Friedl and Potere|(2009), contact line: based on|UNIAN]|(2015), Mediarnbo.org| (2018).

Table 4: Descriptive Statistics Before and At War, Luhansk Region

Before war: 01.2013 - 03.2014 At war: 10.2014 - 03.2016

State LNR State LNR
Mean s.d. Mean s.d. Mean s.d. Mean s.d.
Luminosity 350 693 3.25 5.58 231 465 133 241
Log Luminosity 036 1.30 042 1.21 -043 242 -0.88 2.58
Cell’s area (sq. km) 0.78 0.07 0.78 0.08 0.78 0.07 0.78 0.08
All violence 0.11 0.36 0.34 1.88 1758 14.02 18.97 15.22

Luminosity growth -092 0.76 -085 074 -154 338 -1.87 291

Notes: Luminosity growth g is calculated as follows g = In(Lum4+1) — In(Lum,). Sources: lumi-
nosity tiles: NOAA| (2018), regional borders: |Hijmans, Garcia and Wieczorek| (2015)), urban areas:
Schneider, Friedl and Potere|(2009), contact line: based on|UNIAN]|(2015), Mediarnbo.org| (2018).




Table 5: Impact of the Separatist-Control on Luminosity, Monthly Based

No Controls With Controls
All East Ukraine Donbass All (RSTS) All East Ukraine Donbass All (RSTS)
DNR-control -0.826*** -0.798*** -0.327=*  -0.357**  -0.482*** -0.535%** -0.480**  -0.487***
(0.081) (0.089) (0.100) (0.105) (0.096) (0.100) (0.114) (0.129)
LNR-control -1.077*** -1.049*** -0.579*** -0.506** -0.7271*** -0.778*** -0.706***  -0.690***
(0.128) (0.135) (0.156) (0.209) (0.142) (0.141) (0.148) (0.159)
Crimea: Russia-control  -0.062 -0.546* -0.149*** -0.276
(0.060) (0.324) (0.057) (0.194)
Minsk II Effect: DNR 0.112** 0.180*** 0.265*** 0.210***
(0.052) (0.058) (0.075) (0.070)
Minsk II Effect: LNR 0.009 0.077 0.162 0.291*
(0.094) (0.097) (0.103) (0.156)
All violence -0.185*** -0.199*** -0.130**  -0.144***
(0.032) (0.034) (0.044) (0.043)
Observations 351309 216489 112518 351309 351309 216489 112518 351309
Adjusted R? 0.176 0.227 0.298 0.257 0.187 0.244 0.303 0.260

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01, standard errors in parentheses, clustered by districts. Dependent variable: logarithm of a mean monthly
luminosity. Time covered: January 2013 - March 2016. Standard errors clustered by districts. All models include individual and time fixed effects.
Columns All contain all regions; East Ukraine: Dnipropertovks, Kharkiv, Zaporizhia, Donetsk, Luhansk; Donbass: Donetsk, Luhansk. Columns All
(RSTS) include region-specific time shocks. Sources: nighttime luminosity tiles by NOAA|(2018), district borders by Hijmans, Garcia and Wieczorek
(2015), urban areas by |Schneider, Friedl and Potere|(2009), the contact line based on [ UNIAN|(2015) and Mediarnbo.org|(2018).



Table 6: Impact of the Separatist-Control on Luminosity, No Districts at the Contact Line, Monthly Based

No Controls With Controls
All East Ukraine Donbass All (RSTS) All East Ukraine Donbass All (RSTS)
DNR-control -0.753** -0.784** -0.434**  -0.487**  -0.632*** -0.697*** -0.629**  -0.668***
(0.073) (0.080) (0.084) (0.072) (0.092) (0.095) (0.093) (0.089)
LNR-control -0.717*** -0.748*** -0.398*** -0.298* -0.507*** -0.574*** -0.497*** -0.425**
(0.111) (0.116) (0.120) (0.157) (0.148) (0.149) (0.149) (0.165)
Crimea: Russia-control -0.121** 0.360** -0.146** 0.320
(0.057) (0.179) (0.057) (0.200)
Minsk II Effect: DNR 0.153*** 0.218*** 0.319*** 0.288***
(0.052) (0.057) (0.067) (0.059)
Minsk II Effect: LNR -0.003 0.064 0.153* 0.210
(0.082) (0.087) (0.083) (0.127)
All violence -0.122%** -0.141%* -0.054** -0.057**
(0.022) (0.024) (0.024) (0.024)
Observations 288981 154161 50190 288981 288981 154161 50190 288981
Adjusted R? 0.137 0.199 0.319 0.226 0.140 0.207 0.323 0.227

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01, standard errors in parentheses, clustered by districts. Dependent variable: logarithm of a mean monthly
luminosity. Time covered: January 2013 - March 2016. Standard errors clustered by districts. Excludes areas within districts that contain a segment of
a contact line. All models include individual and time fixed effects. Columns All contain all regions; East Ukraine: Dnipropertovks, Kharkiv, Zapor-
izhia, Donetsk, Luhansk; Donbass: Donetsk, Luhansk. Columns All (RSTS) include region-specific time shocks. Sources: nighttime luminosity tiles by
NOAA|(2018), district borders by Hijmans, Garcia and Wieczorek|(2015), urban areas by |Schneider, Friedl and Potere|(2009), the contact line based on
UNIAN (2015) and [Mediarnbo.org|(2018).



Table 7: Impact of the Separatist-Control on Luminosity: 20-40 km away from the
Contact Line, Monthly Based

No Controls With Controls

NoRSTS RSTS NoRSTS RSTS

DNR-control -0.514** -0.507*** -0.732** -0.780***
(0.077) (0.081) (0.090) (0.094)

LNR-control -0.455** -0.461** -0.442** -0.397***
(0.111) (0.115) (0.121) (0.118)

Minsk II Effect: DNR 0.385***  0.476***
(0.072) (0.076)
Minsk II Effect: LNR 0.002 -0.087
(0.059) (0.061)
All violence -0.040 -0.038
(0.032) (0.033)
Observations 27846 27846 27846 27846
Adjusted R? 0.329 0.334 0.335 0.339

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01, standard errors in parentheses, clus-
tered by districts. Dependent variable: logarithm of a mean monthly luminosity.
Standard errors clustered by districts. Time covered: January 2013 - March
2016. Includes only the areas within 20-40 km distance away from the contact
line. All models include individual and time fixed effects. RSTS models include
region-specific time shocks. Sources: luminosity: NOAA|(2018), district borders:
Hijmans, Garcia and Wieczorek! (2015), urban areas: [Schneider, Friedl and Potere
(2009), the contact line: UNIAN]|(2015), Mediarnbo.org|(2018).



Table 8: Change of Luminosity in the DNR-controlled areas after the Trade Ban
by Controls, Monthly Based

No DSTS DSTS
All NCL  20-40km  All NCL  20-40 km
Nationalization -0.337* -0.197* -0.196 -0.227* -0.096"*  -0.223*
(0.047)  (0.040)  (0.068)  (0.066)  (0.000)  (0.108)
Observations 44422 16996 10262 44422 16996 10262
Adjusted R 0.271 0.352 0.310 0460 0518 0.512

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01, standard errors in parentheses. Dependent variable: log-
arithm of a mean monthly luminosity. Standard errors clustered by districts. Time covered: January
2016 - December 2017. All models include individual and time fixed effects. NCL columns exclude
districts containing a segment of the contact line. NCL columns contain run regressions with a sub-
sample of cells that are 20 to 40 km away from the contact line. DSTS stands for district-specific time
shocks. Sources (georeferenced): nighttime luminosity tiles by NOAA|(2018), district borders by Hi-
jmans, Garcia and Wieczorek| (2015) urban areas by Schneider, Friedl and Potere| (2009), the contact
line based on [UNIAN]| (2015) and Mediarnbo.org| (2018), list of nationalized firms by [Euromaidan-
press.com| (2017a) with locations manually georeferenced by the author|C.1}

Table 9:

Production of Anthracite Coal in Donbass in Mio tons
Producer 2013 ‘14 ‘15 ‘16 17
Donbass Total 30.3' 20.6' - 12.74% 2.42
DTEK! 19.1 148 6.6 96 -

1 Sources: DTEK (2015, 2016/, 20174).
2 Sources: DTEK (2017b); Golovatjuk|(2017).



Table 10: Impact of the Separatist-Control on Luminosity, Monthly Based

No Controls With Controls
All East Ukraine Donbass All (RSTS) All East Ukraine Donbass All (RSTS)
DNR-control -1.128** -1.1071 % -0.548** -0.626** -0.784** -0.772** -0.537** -0.608**
(0.199) (0.205) (0.240) (0.258) (0.182) (0.191) (0.242) (0.261)
LNR-control -1.844*** -1.817*** -1.264**  -1.075***  -1.536*** -1.528*** -1.2774*  -1.103***
(0.261) (0.265) (0.298) (0.350) (0.246) (0.248) (0.288) (0.354)
Restrictions: DNR 0.314 0.272 0.091 0.191 0.421** 0.347* 0.092 0.198
(0.195) (0.198) (0.230) (0.238) (0.203) (0.205) (0.245) (0.254)
Restrictions: LNR 1.135%* 1.093*** 0.912*** 0.672** 1.286*** 1.210%** 0.959*** 0.700*
(0.227) (0.228) (0.253) (0.330) (0.242) (0.244) (0.276) (0.370)
Crimea: Russia-control 0.002 0.360** -0.071 0.546***
(0.054) (0.179) (0.052) (0.163)
All violence -0.162*** -0.184*** -0.107* -0.114*
(0.036) (0.038) (0.059) (0.057)
Observations 250935 154635 80370 250935 250935 154635 80370 250935
Adjusted R? 0.160 0.223 0.317 0.241 0.169 0.238 0.320 0.243

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01, standard errors in parentheses. Dependent variable: logarithm of a mean monthly luminosity. Time cov-
ered: January 2013 - March 2015. Standard errors clustered by districts. All models control for the Minsk II truce effects for DNR and LNR. All models
include individual and time fixed effects. Columns All contain all regions; East Ukraine: Dnipropertovks, Kharkiv, Zaporizhia, Donetsk, Luhansk;
Donbass: Donetsk, Luhansk. Columns AII(RSTS) include region-specific time shocks. Sources: nighttime luminosity tiles by NOAA|(2018), district
borders by Hijmans, Garcia and Wieczorek|(2015), urban areas by |Schneider, Friedl and Potere|(2009), the contact line based on UNIAN|(2015) and
Mediarnbo.org|(2018).



B Figures

Figure 1: Graphical Abstract. Difference in Luminosity of the Donetsk and
Luhansk Regions between January 2016 and January 2014
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Note: Only cells outside of two standard deviations are colored yellow or violet. Yellow cells indi-
cate an increase of luminosity, violet shows a decline in luminosity. Source: nighttime luminosity
tiles by INOAA|(2018), regional borders by Hijmans, Garcia and Wieczorek| (2015), urban areas by
Schneider, Friedl and Potere|(2009), contact line georeferenced by author based on/UNIAN|(2015).
Albers Equal Conic Projection System.



Figure 2: Change of the Separatist-Controlled Areas
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Note: Blue polygons show official Ukrainian territorial borders, red layer shows effective control

by the separatists. Source: Regional borders by|Hijmans, Garcia and Wieczorek! (2015), separatists
areas georeferenced by author based on [UNIAN] (2015) and maps produced by Mediarnbo.org
(2018). WGS84 coordinate system.




Figure 3: Luminosity of the Donetsk surroundings in January of 2014 - 2017 years
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Note: Brighter values indicate greater luminosity, values above 10 are depicted with value 10.
Source: luminosity images fromNOAA|(2018), urban areas by |Schneider, Friedl and Potere|(2009),
regional borders by Hijmans, Garcia and Wieczorek| (2015), contact line georeferenced by author
based on |[UNIAN]|(2015).

Figure 4: Change of the mean log luminosity in the Donetsk region by quarter
and controlling party
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Note: Only cells in the urban areas with area > 551000 sq.m. are considered. Vertical bar indicates
start of the armed protests in Donbass. Values for every second and third quarter are interpolated
on the graph but not used in regressions. Source: nighttime luminosity tiles by NOAA| (2018),
regional borders by |Hijmans, Garcia and Wieczorek| (2015), urban areas by [Schneider, Friedl and
Potere|(2009), contact line georeferenced by author based on[UNIAN] (2015).
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Figure 5: Change of the mean log luminosity in the Luhansk region by quarter
and controlling party
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Note: Only cells in the urban areas with area > 551000 sq.m. are considered. Vertical bar indi-
cates start of the effective control of Russia over Crimea armed protests in Donbass. Values for
every second and third quarter are interpolated on the graph but not used in regressions. Source:
nighttime luminosity tiles by NOAA|(2018), regional borders by |[Hijmans, Garcia and Wieczorek
(2015), urban areas by [Schneider, Friedl and Potere| (2009), contact line georeferenced by author

based on [UNIAN]|(2015).
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Figure 6: Urban areas within 3.5 KM of location of nationalized firms
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Note: Blue polygons show internationally recognized state borders of Ukraine. Red layer shows
territories effectively controlled by separatists in Ukraine. Source: nighttime luminosity tiles by
NOAA(2018), regional borders by Hijmans, Garcia and Wieczorek (2015), urban areas by Schnei-
der, Friedl and Potere|(2009), contact line georeferenced by author based on|UNIAN| (2015), loca-
tion of the nationalized enterprises Euromaidanpress.com| (2017a). WGS84 coordinate system.
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Figure 7: Change of the mean log luminosity in the separatist-controlled region
of Donetsk by quarter
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Note: Only cells in the urban areas with area > 551000 sq.m. are considered. Vertical bar indi-
cates the nationalization of the largest private enterprises and a full trade ban by the Ukrainian
government. Values for every second and third quarter are interpolated on the graph but not
used in regressions. Source: nighttime luminosity tiles by NOAA|(2018), regional borders by |Hi-
jmans, Garcia and Wieczorek| (2015), urban areas by |Schneider, Friedl and Potere| (2009), contact
line georeferenced by author based on [UNIAN] (2015), location of the nationalized enterprises
Euromaidanpress.com|(2017a).

Figure 8: The Number of Internally Displaced Persons and Battle Events in the
Cities Populated Areas of Donetsk and Luhansk
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placed Persons: June - November 2014 by (OCHA|(2014), the rest by Ministry of Social Policy of
Ukraine, Battle Events: |[Zhukov, Davenport and Kostyuk| (2017).
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Dying Light: The Online-Project

Description: The author encourages the reader to visit the online-project dedi-
cated to the background and onset of the war in Ukraine. The project combines
the results of the paper together with the grassroots evidence brought by the

photo series and the video footage to illuminate the image of the war in Ukraine.


https://arcg.is/19quTr
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