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ABSTRACT

The cost of industrial destruction: Evidence from Ukrainian strikes on 
Russian refineries

We  study  the  local  economic  effects  of  Ukrainian  long -
range  strikes  on  Russian  oil  refineries,  combining  a  
manually  verified  event - level  record  of  refinery  strikes  with  
quality - screened  daily  satellite  radiance  from  NASA  Black  
Marble .  The  analysis  covers  29  large  Russian  refineries,  22  
of  which  sustain  verified  direct  hits  over  June  2022 –May  
2026 .  Using  a  monthly  staggered  difference - in - differences  
design  that  compares  refineries  after  their  first  verified  
strike  with  not - yet - struck  and  never - struck  refineries,  we  
find  that  nighttime  radiance  falls  immediately  and  
persistently  after  a  refinery  enters  the  strike  campaign :  by  
roughly  30  percent  in  the  innermost  measured  ring  around  
the  facility  and  by  15–18 percent  within  five  kilometers,  with  
the  effect  attenuating  until  it  becomes  small  at  twenty - five  
kilometers .  The  innermost  ring  shows  no  recovery  within  the  
first  post - strike  year .  A  complementary  daily  instrumental -
variables  design  uses  directional  wind  alignment  to  shift  
strike  incidence  and  traces  the  strike - day  dynamic  at  
higher  frequency .  Radiance  rises  at  short  horizons,  
consistent  with  a  fire - related  light  signature  corroborated  
by  independent  NASA  FIRMS  detections,  and  turns  negative  
at  a  six - month  horizon,  with  weak - instrument - robust  
inference .  Applying  the  same  satellite  product  and  
empirical  specification  to  106  non - refinery  deep - strike  
targets  produces  no  comparable  contraction,  weighing  
against  a  generic - war - disruption  interpretation .
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Abstract

We study the local economic effects of Ukrainian long-range strikes on Russian oil
refineries, combining a manually verified event-level record of refinery strikes with
quality-screened daily satellite radiance from NASA Black Marble. The analysis
covers 29 large Russian refineries, 22 of which sustain verified direct hits over June
2022–May 2026. Using a monthly staggered difference-in-differences design that
compares refineries after their first verified strike with not-yet-struck and never-
struck refineries, we find that nighttime radiance falls immediately and persistently
after a refinery enters the strike campaign: by roughly 30 percent in the innermost
measured ring around the facility and by 15–18 percent within five kilometers,
with the effect attenuating until it becomes small at twenty-five kilometers. The
innermost ring shows no recovery within the first post-strike year. A complementary
daily instrumental-variables design uses directional wind alignment to shift strike
incidence and traces the strike-day dynamic at higher frequency. Radiance rises
at short horizons, consistent with a fire-related light signature corroborated by
independent NASA FIRMS detections, and turns negative at a six-month horizon,
with weak-instrument-robust inference. Applying the same satellite product and
empirical specification to 106 non-refinery deep-strike targets produces no comparable
contraction, weighing against a generic-war-disruption interpretation.
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1 Introduction

Ukrainian long-range strikes on Russian oil refineries have become a sustained campaign
against a key asset of Russia’s war economy. Refineries transform crude oil into fuels
for domestic use and refined products for export; they operate through large, fixed,
geographically identifiable facilities; and refined-product markets are difficult to adjust at
short horizons. Hydrocarbon revenues account for a substantial share of federal budget
resources, while refining capacity is concentrated in a limited number of industrial sites
that cannot be dispersed or replaced quickly (Dabrowski, 2025; Yermakov, 2025; Kaushal
and Suess, 2025). Yet the damage caused by these attacks is difficult to assess from official
accounts alone: losses to strategic infrastructure are politically sensitive, and reported
damage is often downplayed or denied.

This paper estimates the local economic consequences of Ukrainian strikes on Russian oil
refineries. We do not quantify the aggregate macroeconomic or fiscal cost of the campaign,
and we do not assess its strategic effectiveness. Instead, we ask whether strikes on refineries
leave a measurable economic footprint in the local economy around targeted facilities. We
first examine the spatial signature of this footprint: whether the decline is strongest near
the refinery and attenuates with distance, marking a local contraction of economic activity
rather than a broad, region-wide wartime downturn. We then ask whether the disruption
persists beyond the immediate fire and emergency-response phase.

The setting raises two empirical challenges. The first is measurement. Timely and verifiable
local economic data around Russian strategic infrastructure are not available at the spatial
and temporal resolution required for this analysis. Even where aggregate official statistics
exist, their interpretation is difficult in an authoritarian wartime economy. Nighttime lights
provide an independent alternative: Martínez (2022) shows that autocracies systematically
report higher growth than nighttime lights would predict. We therefore measure activity
around each refinery using satellite-based nighttime radiance, following the broader lit-
erature that uses satellite imagery to study economic outcomes when conventional data
are unavailable, unreliable, or too aggregated (Henderson et al., 2012; Donaldson and
Storeygard, 2016).

The second challenge is identification. Refinery strikes are not randomly assigned. Target
selection and timing plausibly reflect strategic value, operational feasibility, expected
damage, Russian defensive capacity, and the evolving reach of Ukrainian long-range drones.
A comparison between struck and unstruck refineries, or between periods before and after
a strike, therefore, cannot by itself be interpreted as causal. Any empirical design must
separate the local economic consequences of being struck from the strategic process that
determines which refineries are attacked and when.

We address these challenges with two complementary empirical strategies. The first exploits
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the staggered timing of first verified strikes across refineries to estimate the evolution of
nighttime radiance after a facility first enters the strike campaign, relative to refineries not
yet struck or never struck. This monthly design captures the medium-run consequences
of entering the strike campaign, rather than the effect of an isolated attack: subsequent
strikes on the same refinery are part of the post-treatment exposure regime. Because
first-strike timing may still reflect unobserved features of targeted facilities, we report the
full event-study profile and assess sensitivity to violations of parallel trends.

The second strategy operates at the strike-day frequency. It exploits directional wind
alignment as an instrument for strike incidence, using day-to-day variation in wind
conditions to isolate strike-favorable days. This daily design provides a distinct source
of variation with which to trace the immediate and delayed response of radiance around
strike days. The dynamic profile is informative about the physical sequence of a strike.
If a strike causes fire at the refinery, radiance should initially rise; if it disrupts ordinary
productive activity, the initial light signature should later give way to a decline. We
validate the fire component of this sequence using independent active-fire detections from
NASA FIRMS, which provide a separate satellite record of thermal anomalies around
recorded strike dates.

The results point to a substantial and persistent decline in nighttime radiance around
refineries that enter the strike campaign. The monthly DiD estimates are organized along
two dimensions: time since the first strike and distance from the refinery. The decline
begins in the month of the first strike and does not visibly reverse over the horizons we
observe. For refineries struck early enough in the campaign to be followed for more than a
year, the decline remains large beyond month 13. Pre-strike event-study coefficients are
small and jointly insignificant, providing no evidence that refineries about to be struck
were already on differential radiance trajectories.

The spatial pattern follows a clear local gradient around the facility. Radiance falls by
approximately 30% in the nearest measured ring, between 0.5 and 1 kilometer from the
refinery centroid, immediately outside the 500-meter disk excluded because it is most
exposed to facility lighting, flaring, and immediate fire signatures. Within 5 km, the
aggregate decline is 15–18%. The effect attenuates with distance and is small at 25 km.
The ring decomposition places the largest and most persistent losses in the inner industrial
zone, while showing that the contraction extends beyond the immediate refinery footprint
rather than collapsing into a purely mechanical signature at the point of impact.

The daily IV yields a complementary dynamic profile. On days when wind conditions make
strikes more likely, radiance initially rises around the targeted refinery, consistent with fire
and emergency response at the strike site. The increase is visible at short horizons and
is corroborated by FIRMS active-fire detections around recorded strike dates. At longer
horizons, the sign reverses: the same strike-favorable variation is followed by a decline in
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radiance around six months after the strike, consistent with a loss of ordinary nighttime
illumination after physical damage and partial disruption of refinery operations. Anderson–
Rubin confidence intervals support the short-run positive phase and the medium-run
negative phase despite moderate first-stage strength. The daily evidence also highlights
an important measurement issue: around violent events, the immediate fire signature and
the subsequent change in ordinary nighttime illumination are distinct objects, and the
quality-screened daily product helps separate them.

The result is not an artifact of a single specification or spatial window. It is visible in the
event-study profile, robust to sensitivity analyses for violations of parallel trends, supported
by wild-cluster and weak-instrument-robust inference, and follows a clear local gradient
around struck refineries. The same satellite product and empirical specification produce
no comparable decline around other deep-territory targets. Military targets, fuel depots,
other industrial plants, power infrastructure, and transport nodes show no statistically
significant contraction in the main 5 km comparison, and the contrast remains visible at
the 1 km buffer. The refinery effect is therefore difficult to reconcile with an interpretation
based only on proximity to strike activity or generic wartime disruption.

The paper speaks first to the empirical literature on the economic consequences of conflict.
Existing work has studied terrorism, bombing, civil war, and military destruction through
their effects on output, firms, trade, and long-run recovery (e.g., Abadie and Gardeazabal,
2003; Miguel and Roland, 2011; Korovkin and Makarin, 2023; Riaño and Valencia Caicedo,
2024). We contribute to this literature by studying a contemporary campaign of long-range
drone strikes against fixed industrial infrastructure inside an authoritarian economy at war.
Refineries are especially useful for this purpose because they are economically important,
geographically fixed, and observable from space. The analysis provides systematic evidence
on the local economic footprint of drone warfare against industrial infrastructure, including
its magnitude, timing, and spatial concentration around targeted facilities.

A smaller set of papers studies economic consequences and behavioral responses linked
more directly to Russia’s war against Ukraine. This work includes evidence on the
disruption of Ukrainian production networks, aggregate activity (Korovkin et al., 2025),
and social capital (Korovkin and Makarin, 2023), civilian evacuation during the invasion
(Martinez et al., 2026), the effects of the full-scale invasion on global wheat markets
(Devadoss and Ridley, 2024), the reorganization of trade, foreign direct investment, and
portfolio flows across geopolitical blocs after the invasion (Gopinath et al., 2025), and the
short-run macroeconomic consequences of the war for inflation and aggregate economic
activity in Central and Eastern Europe (Daianu et al., 2025). These studies focus on the
invaded country, international markets, third-country macroeconomic outcomes, or civilian
behavior during the war. We instead study the local economic footprint of Ukrainian strikes
inside Russia, around the refinery infrastructure targeted by the campaign, providing
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systematic evidence on whether the war produces measurable local economic losses within
the aggressor’s economy itself.

Second, the paper contributes to studies using satellite data to measure economic activity in
settings where conventional data are unavailable, unreliable, or too aggregated. Following
the nightlights literature (Henderson et al., 2012; Donaldson and Storeygard, 2016), we
use nighttime radiance to study changes in satellite-visible activity around strategic
infrastructure. The Russian wartime setting makes this approach valuable, but it also
illustrates a measurement problem that is likely to arise in conflict applications: violent
events generate short-run fire signatures that can contaminate nightlight outcomes at
the same spatial and temporal scale at which treatment is defined. By combining a
monthly difference-in-differences design with a higher-frequency daily analysis and FIRMS
active-fire detections, we distinguish the immediate fire signature of a strike from the
subsequent decline in ordinary nighttime illumination.

Third, the paper adapts wind-based identification to a data-poor conflict setting. Closest
to our use of weather-driven variation, Mahmood and Jetter (2023) exploit day-to-day
wind conditions to study the consequences of U.S. drone strikes in Pakistan. More broadly,
the use of wind as a source of quasi-random variation builds on environmental and applied-
economics work that exploits wind direction to identify the effects of transported pollutants
on mortality, medical costs, crime, and educational outcomes (Deryugina et al., 2019;
Anderson, 2020; Herrnstadt et al., 2021; Persico and Venator, 2021). In our setting, wind
affects the operational feasibility of long-range drone movement rather than the transport
of pollution. This adaptation raises its own exclusion concerns, because weather can
affect satellite measurement directly. For this reason, the wind-based estimates are read
alongside the other evidence in the paper: the timing of the response, the spatial gradient
around struck refineries, the strike-day dynamics, the target-heterogeneity exercises, and
independent fire detections from FIRMS.

The remainder of the paper is organized as follows. Section 2 describes the refinery strike
campaign and its strategic context. Section 3 presents the data. Section 4 lays out the
empirical strategies. Section 5 reports the main results from the monthly and daily designs.
Section 6 presents the spatial signature of the response, independent satellite-fire validation,
and the convergence of the two designs. Section 7 discusses interpretation and limitations.
Section 8 concludes.

2 Background: the refinery strike campaign

Ukrainian strikes on Russian oil refineries are a distinct part of the broader long-range
campaign against targets deep inside Russian territory. Unlike attacks on mobile military
assets, frontline logistics, or border-zone targets, refinery strikes hit fixed industrial facilities
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whose location and surrounding economic activity can be observed consistently over time.
The first attributed refinery events in our record occur in mid-2022, but the campaign
remains limited through 2023 before expanding in 2024 and accelerating sharply in 2025.
In our verified strike record, attributed refinery events rise from a single strike in 2022 and
4 in 2023 to 22 in 2024, 83 in 2025, and 32 in the first five months of 2026. Over June
2022–May 2026, the record contains 142 attributed refinery events, 101 of which are verified
direct hits on the facility. By 2025–2026, the campaign spans much of European Russia,
including refineries in the North Caucasus, the Moscow region, the Volga refining complex,
Bashkortostan, and more distant sites reached as Ukrainian long-range capabilities expand.
Figure 1 summarizes this escalation.
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Source: ACLED Partner-Tier extract; manually verified strike-refinery attributions (event-level classification)

Ukrainian drone strikes on Russian oil refineries, monthly frequency
Verified direct hits
Suspected / debris attributions

Figure 1: Monthly frequency of Ukrainian drone strikes on Russian refineries
Notes. The figure plots the monthly count of ACLED-recorded strike events on operational Russian
oil refineries over the period June 2022–May 2026. Strike events are attributed to refineries through
manual, event-level verification of the ACLED record (Section 3.3). The manually verified record contains
142 attributed refinery events over the sample period, of which 101 are verified direct hits; the stacked
shading distinguishes verified direct hits from suspected-hit and debris-only attributions. Source: authors’
calculations from ACLED Partner-Tier extract.

Figure 2 maps ACLED-recorded Ukrainian deep-territory strikes on Russian targets over
the sample period, by target type, with each location drawn as a circle whose area
reflects the number of strikes it has received. The refineries studied in this paper are
one component of a broader deep-strike campaign that also reaches military and airfield
targets, other industrial plants, power and energy infrastructure, and ports and shipyards.
Within the ACLED air/drone-strike record used here, deep-territory strikes are a small
subset of Ukrainian strike activity on Russian territory. Of roughly twenty-seven thousand
recorded air/drone-strike events, about 95 percent occur in the three border oblasts of
Belgorod, Kursk, and Bryansk and consist primarily of short-range, frontline-adjacent
operations against villages and border districts rather than strikes on identifiable strategic
infrastructure. We exclude these border-zone events, here and in the analysis, in order to
isolate the strategic deep-strike campaign of which refinery strikes form a part.

The Ukrainian refinery campaign is therefore a specific component of a larger and highly
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