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The armed conflict between Ukraine and Russia that beganin late February

2022 has far-reaching environmental consequences, especially regarding
water resources and management. Here we analysed the multifaceted
impacts of the military actions on freshwater resources and water
infrastructure during the first three months of the conflict. We identified
the nature of the impacts, the kind of pressures imposed on the water sector
and the negative consequences for the availability and quality of freshwater
resources for the civilian population. Our results showed that many water
infrastructures such as dams at reservoirs, water supply and treatment
systems and subsurface mines have beenimpacted or are at risk from
military actions. Continuation of the conflict will have multiple negative
sustainability implications not only in Ukraine but also on aglobal scale,
hampering achievement of clean water and sanitation, conservation and
sustainable use of water resources, and energy and food security.

Water is a fundamental and irreplaceable resource for life on Earth.
Accordingly, it playsapivotal rolein the Sustainable Development Goals
by securing societal and environmental well-being'. At the same time,
freshwater as aresource” and related water infrastructure®are among
the most vulnerable sectors during armed conflicts. This has led to
increased attention to both the role of water as a driver of conflicts*
and the impacts of armed conflicts on water and water systems>®,
Reported violence associated with freshwater resources and
water infrastructure, from 2500 BC to the present, is tracked by the
open-source database Water Conflict Chronology (Pacific Institute’).
Atpresent, the database consists of more than1,300 entries, covering
three separate categories: (1) water as a ‘trigger’ (the control of or access
to water leads to violence), (2) water as a ‘weapon’ (water is used as a
weapon during a conflict) and (3) water as a ‘casualty’ (direct attack
on water systems) of violence. Over the past decade, the number of
recorded conflicts hasincreased, particularly when water was used as

atrigger and/or as a casualty of a conflict (Fig. 1). In addition to these,
water resources are often threatened through collateral damage (for
example, a pollution spill caused by military action).

Despiteitsimportance, thereisalack of academicresearchrelated
tothe multifaceted impacts of armed conflicts on the water sector. For
example, a systematic review by Schillinger et al.’ identified only 48
peer-reviewed studies on water in conflict settings. Geographically,
the majority of studies have focused on the Middle East (in particular,
Iraq, Syriaand Israel), Africa and Asia.

The armed conflict between Ukraine and Russia (applying the
agreed-upon definition of the International Committee of the Red
Cross®), which started on 24 February 2022, represents an exceptional
casewithregard toitsimpactonthe environment’ " and particularly on
water resources and water infrastructure. Unlike previously reported
conflicts withintheterritories of the Global South and emerging econo-
mies’, the currentarmed conflict occursinaregion characterized by a
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Fig. 1| Water conflicts by year and type. Data from https://www.worldwater.org.
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heavily modified and industrialized water sector®'”. The extensive and
critical water infrastructure of Ukraine includes large multi-purpose
reservoirs, hydropower dams, cooling facilities for nuclear plants,
water reservoirs used for industry and mining, and extensive water dis-
tribution canals and pipelines for irrigation and household purposes”.
The majority of this water infrastructure is located in the eastern and
southern parts of the country, areas of intense agricultural production
and major industrial activities such as metallurgy, coal mining and
chemical production.

Within the first three months of the conflict, it became clear that
this conflict and its impact on freshwater resources and water infra-
structure would impact both the livelihoods of local civilians and the
globalfood supply™, reflecting the importance of water resources for
the agriculture of the region®. The impacts of the armed conflict are
further compounded by droughtand heat waves across Europe and new
constraints on water resources as a consequence of climate change'®.
All these factors argue for more detailed analyses and evaluation of
possible consequences.

In this Analysis, we compile and analyse information about the
multifaceted impacts of the armed conflict on freshwater resources
and infrastructure on the basis of reported evidence during the first
three months of the conflict. We discuss the key challenges that the
water sector of Ukraineis facing due to the armed conflict and provide a
retrospective view on previous catastrophes within the water sector of
the country to highlight potential consequences of the currentimpacts.
We aim to raise awareness of this problem and to provide evidence and
information to help motivate the international community toboth act
to stop the conflict and develop mechanisms to prevent future water-
and environment-related damages from conflicts.

Results
Type and status of identified impacts
Intotal, weidentified 64 reported impacts on the water sector,among
them 49 realized and 15 potential (Fig. 2).

Thefollowing types of realized impacts were identified: eight cases
of water-transfer interruption, six cases of surface-water pollution due

to military actions with four cases of sunken military objects and two
duetorelease of chemicals as aresult of shelling, five cases of damage
to dams (four at reservoirs and one along the North Crimean canal),
six cases of mines overflooding, one case of bacteriological pollution
due to amass poultry death and one case of interrupted operation of
ahydroelectric station (HES) (Kakhovka HES).

Furthermore, we report impacts on water supply and wastewa-
ter treatment systems, including 12 cases of disrupted operation of
water and wastewater treatment facilities, seven cases of disrupted
centralized water supply and three cases of disrupted operation of
wastewater treatment plants. For some regions, it was possible to
obtain only pooled information, with a total number of settlements
and inhabitants without water supply, and therefore these data
are not presented in Fig. 2 but are provided in Supplementary
Information 1.

From realized impacts, 17 are the result of direct attacks, 13 are
dueto power-supply cut-offs, 8 areacombination of both, 4 instances
of the pollution of surface waters are from sunken military objects, 1
isrelated to the indirect damage of the water supply system (the case
of Mykolayiv, where connection to an alternative water supply source
led to pipe corrosion and damage) and 1 is due to unusual operation
condition (flooding in Nova Kakhovka).

With respect to water supply infrastructure, military actions
affected 12 pumping stations, pipelines and dams were affected in 6
cases, damages to wastewater treatment plants were reported in 3
cases, and 2 filtering stations with water-intake facilities and 1 artesian
well were affected. For a total of 12 settlements, such damages have
caused the complete failure of the whole water supply and wastewater
treatment system.

As potential threats, we identified 15 impacts, including 8 cases
of flooding due to damage to dams (for example, missiles potentially
targeting the dams of Kyivand Kakhovka HESs, explosion of the road on
the dam of Pechenizskiy Reservoir, Sreservoirs are supposedly mined), 4
threatslinked to nuclear power plants due to low-flying missiles (poten-
tial damage of cooling ponds, spread of radioactive dust), 2 cases of
periodically flooded underground mines, 1 possible case of detonation
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of container with chlorine at the territory of wastewater treatment plant
and explosion of nautical mines in the Danube River delta.

Geographical distribution ofimpacts and affected

water bodies

Freshwater resources and water infrastructure were affected primar-
ily in the Donetsk and Luhansk regions (17 and 13 realized impacts,
respectively), where the conflict has been most intense. The number
of incidents peaked within the Siverskyi Donets River basin (Source
data and Supplementary Information 2). There the river itself as well
as demolished reservoirs located within its basin became a barrier
for movement of troops (Supplementary Information 2). A shortage
inelectricity supply in the region led to interruption in long-distance
water transfer (the main source of water supply) and caused uncon-
trolled rise of contaminated mine waters.

Severalimpacts on freshwater resources and water infrastructure
were also recorded in the western regions of Ukraine far from active
ground military operations. For example, an attack on the oil depot
in Lviv led to the pollution of the Western Bug River, the tributary to
the Narva River (Vistula River basin). North of the Ternopil region,
shellingled to the damage of six reservoirs storing mineral fertilizers,
causing the pollution of the Ikva River, the tributary of the Styr River
(the Dnieper River basin). This resulted inamajorincrease inammonia
and nitrate concentrations, leading to amass fish death. In the Odessa
region in southern Ukraine, local authorities reported the presence
of nautical mines in the Danube River delta, preventing fishing and
constraining navigation.

Discussion

Our results show that the most-affected types of infrastructure during
thefirst three months of the armed conflict were dams and reservoirs,
underground mines, urban water supply and wastewater treatment sys-
tems (overview of thisinfrastructure in Supplementary Information 2).

Ukraine’s critical water infrastructure at risk

Of special concern are large reservoirs along the Dnieper River, which
are critical for energy production, cooling of nuclear power plants,
sustaining agriculture and seasonal flow regulation. Inaddition, there
is a high concentration of settlements along the Dnieper River, with
flooding being animmediate threat if the dams would breach (Fig.
3a,b). During World War II, intentional damage to the 800-m-wide dam
of the Dnieper HES holding water in the Dnieper Reservoir, near the
city of Zaporizhzhia, affected 20,000-100,000 civilians and retreat-
ing soviet soldiers crossing the river"” (Fig. 3a). Details on a quantita-
tive flooding-risk assessment for the cascade of Dnieper reservoirs,
including those based on hydrological conditions observed in 2022,
are presented in Supplementary Information 2.

Apart from flooding, breaching of dams along the Dnieper River
poses adanger of secondary radioactive pollution due to uncontrolled
release of radioactive material accumulated in the sediments and
associated with colloidal materialsin surface waters after the disaster
at the Chernobyl nuclear power plant (NPP) in1986'". Following the
accident, thereservoirs of the Dnieper Cascade acted as sinks for radio-
caesium, with extensive accumulation recorded in the Kyiv Reservoir.
Asfor radiostrontium, about 43% of the dissolved form that entered the
Dnieper system from1987 t01993 reached the Black Sea?’. Zaporizhzhia
NPP, the largest NPPin Europe, islocated on the shore of the Kakhovka
Reservoir, 40 km downstream from the dam of the Dnieper HES. A sud-
den loss of water needed for the reactor’s active cooling system can
lead to a scenario analogous to the accident at the Fukushima Daiichi
NPP inJapan in 20117, The Kakhovka Reservoir also serves as a water
source for the largestirrigation systemin Ukraine and in Europe* (for
details, see Supplementary Information 2). The conflict raises arisk of
eitherintentional or unintentional bombing posing threats to regional
agriculture, food production and international food trade.

Military actions and severe environmental pollution

Asaresult of thearmed conflict, multiple Ukrainian communities have
been left without wastewater treatment, resulting in pollution of sur-
face waters. For example, remote-sensing images showed that polluted
wastewater was released into the Kakhovka Reservoir when the waste-
water treatment plant near Zaporizhzhia ceased operation®. Rivers
and networks of irrigation channels that are natural barriers for move-
ment of troops have also become a burial place for military objects (for
example, Figure 3¢). The underwater decomposition of ammunition
leads torelease of heavy metals and toxic explosive compounds, with
impacts that may last for decades”. This can be critical in the southern
regions of Ukraine where an extensive network of irrigation channels
exists. Low quality of irrigation water affects the agricultural cropping
and the quality of food production®. In the pre-conflict period, the
concentrations of heavy metals in waters of the Kakhovka Canal were
in compliance with water-quality standards®, but there is concern that
the conflict will lead to a deterioration of water quality.

InJune-July 2022, for the first time, traces of oil products were
reported within the area of the surface drinking water intake in the
basin of the Siverkyi Donets River, together with exceeded concentra-
tions of mercury,ammonium nitrogen, nitrites, polyaromatic carbons,
heavy metals and the insecticide cypermethrin in some rivers within
the basin® (for details on the state of the Siverskyi Donets River since
2014, see Supplementary Information 3).In addition, multiple electrical
blackouts within Donbass region have increased the threat of pollution
of water sources with mine waters because of failures in operation of
pumping equipment. Overflooding of geologically connected mines,
a problem present in the region for a long time (for details, see Sup-
plementary Information 2), leads to increase in the concentration of
saltsin mine water up to 20-70% (except for chloride) and candouble
concentrations of organic substances and hydrocarbons®. High con-
centrations of sulfates, chlorides and heavy metals in mine waters pose
severe risks for groundwater and surface-water quality (for example,
the Kamyshevakha River hasbecome severely polluted by mine waters
since 2018; Fig. 3d).

Access to safe water resources and the danger of epidemics

During the armed conflict, water supply infrastructure has been sub-
jectedtorepeated attacks, with limited time and few opportunities for
repair and recovery. By 20 April 2022, the United Nations reported that
6 million people in Ukraine were struggling every day to get access to
drinking water, with1.4 million people being reported tolack accessto
safe waterinthe east of the country and another 4.6 million people hav-
ing only limited access®. For the period between March and December
2022, the UN estimates that some 16 million people in Ukraine will need
water, sanitation and hygiene assistance”. In the city of Mariupol, more
than 40% of the water supply systemis reportedly damaged, and on
17 May 2022, the World Health Organization raised concerns about the
danger of a cholera epidemic in the city due to mixing of sewage and
drinking water®°. In Mykolayiv, the population was left without a cen-
tralized water supply for more than a month (Fig. 3e,f), and water sup-
plied withinterruptions fromanalternative source later had excessive
concentrations of chlorides, sulfates and other mineral salts even after
treatment®. The population of Donetsk is reportedly receiving water
for only two hours once every 3-4 days, and all specialists capable of
addressing problems with the water system are mobilized in the armed
conflict, limiting the ability to repair the system*’. The Luhansk region,
witha pre-conflict populationof 2.1 million, was left completely without
water supply in the beginning of May, and delivery of water was possible
only externally through humanitarian organizations. The lack of access
to clean water poses aserious threat of epidemic outbreaks, which was
worsened by both extremely hot temperatures observed during the sum-
merin2022and reduced capabilities of the medical system™. According
to UNICEF, children living through prolonged conflicts are more likely
todie fromwater-borne diseases than from the military conflict itself**.
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Fig.2| The effects of conflict on the water resources and infrastructure in
Ukraine. a, Locations of major river basins in Ukraine. b, Identified impacts on
water resources and infrastructure in Ukraine (18 February 2022-24 May 2022).
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Fig.3|Examples ofimpacts on water resources and infrastructure in
Ukraine during armed conflicts. a, The dam on the Dnieper River near the

city of Zaporizhzhia after reportedly being blown up by Soviet special forces in
1941in an attempt to delay the offence of German troops. b, Demolition of the
damontheIrpin River on 26 February 2022 caused flooding near the village of
Demidov in the Vyshhorod district of Kyiv region. ¢, Craters formed by shells on
the floodplain of the Irpin River. d, Water in the Kamyshevakha River polluted by

mine waters (picture taken in 2021). e, Damaged pipe near Kiselevka village in
the Khersonregion (picture takenin April 2022). f, Peoplein aline for drinking
water in Mykolayiv (picture taken in April 2022). Panels adapted with permission
from: a, ref. **, Taras Shevchenko National University of Kyiv; d, ref. *°, Deutsche
Welle; e, ref. *°, Korabelov.info; f, ref. ”, Novosti-N. Credit: photographsinb,c,
Vincent Mundy.

Caveats and uncertainties

Expert evaluation of reported and projected impacts of armed con-
flictis limited in many cases by the lack of safe access to affected sites
and by possible biases and discrepancies in reporting. However, to a
certain extent, consequences of the use or targeting of water systems
in conflicts can be estimated on the basis of retrospective analyses
of similar impacts on freshwater resources and infrastructure. For
example, catastrophic flooding due to damage to the Dnieper HES
during World War Il and the spread of radionuclides through water
as aresult of the catastrophe at Chernobyl NPP indicate the spatial
extent of potential impacts in cases when large reservoirs or NPPs
are affected by military actions. The long-lasting consequences of
environmental pollution due to impacts on water infrastructure have
been highlighted by an accident of a potash spill into the Dniester
River due to overflooding of the Stebnik waste pond in the Lviv region
in 1983, In this event, more than 3.8 km® of highly concentrated
waste salts were spilled, raising the salinity of the Dniester River to
levels higher than seawater. This event disrupted water supply to
millions of people in Odessa, Kishinev and the Tiraspol region, killed
hundreds of tons of fish and heavily contaminated the sediments of
theriver®™¥,

Although modernmilitary technologies can allow precise destruc-
tion of localized objects, the damage to industrial targets is not always
environmentally local, and many of the attacks have been not precise
but general. In highly industrialized Ukraine®®, targeting urban and
industrialinfrastructure leadsinevitably to widespread and severe envi-
ronmental consequences. By the beginning of June 2022, more than
25big Ukrainianindustrial companies were damaged or fully destroyed.
Most prominent are the ammonia producer AZOT, the Coke and Chem-
istry concern in Avdievka and the centre of metallurgy AZOVSTAL in
Mariupol®. Portinfrastructures in the Black Sea and Azov Sea coastal
areas were heavily bombed in Mykolayiv, Odessa and Mariupol.

Otherimpacts on water resources can be only roughly estimated
atthemoment, including the threat toregional biodiversity. It has been
reported that 14 Ramsar wetland sites covering400,000 hectares along
the coastline and lower reaches of the Dnieper River are under threat*.
Damage to reservoirs during spring spawning led to mass fish deaths
(confirmed for the Oskil Reservoir)*.

The need for urgentaction
Our study on theimpacts of the armed conflict on freshwater resources
and water infrastructure in Ukraine highlights diverse and long-lasting
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consequences not only for local populations and ecosystems, but also
for progress towards the global Sustainable Development Goals*.

Catchments cut across political borders and pollutants released
intothe environment from armed conflicts can spread across national
borders. Ninety-eight percent of the catchment area of Ukrainianrivers
flows to the Black Seaand Azov Sea, and the remaining 2% to the Baltic
Sea. Although the international community has already identified the
risk of environmental pollution in the Donbass region in the eastern
part of Ukraine since 2014**, military actions have dramatically inten-
sified and are now taking place in the previously unaffected southern
part of Ukraine. This area is important for agricultural activities that
depend on an extensive network of irrigation channels. According to
the World Food Programme, Ukraine contributed 50% of sunflower oil
and 10% of wheat to the total global exports in2021, being the firstand
the sixth global producer, respectively**. Due to the armed conflict,
agricultural production has been substantially reduced, leading to
food shortage on the global scale, with countries of Middle East and
Africamost affected".

Alack of access to safe water and the environmental threats urge
promptaction. Priority activities should focus on providing safe drink-
ing water for millions of civilians in the affected areas and protecting
civilianwater supply and treatment systems. A set of international rules
related to protection of the environment and civilian water infrastruc-
ture during armed conflictsis defined by the Geneva List of Principles,
including especially the 1977 Protocols to the Geneva Convention**.
According to the recent resolution adopted by the United Nations
Security Council on 27 April 2021, all parties of the armed conflict are
obliged to protect civilians and civilianinfrastructure, including water
facilities*®. Nevertheless, multiple cases of attacks on water techni-
cians since the start of the conflict have been reported in Chernihiv,
Kharkiv and Mykolayiv, adding to at least 35 water engineers who
have been killed or injured in the Donetsk and Luhansk region since
2014*7*%, We argue that protection of civilian water technicians should
beensured, providing the so-called ‘green corridors’ for safe access to
water infrastructure.

Support by international agencies and partners is needed to
provide water-treatment systems that can be used by individual
households and to provide temporary access to safe drinking water
or assistance in rebuilding and replacing destroyed civilian water
infrastructure. For places without current access to safe drinking water,
sustainable options should be investigated apart from the tempo-
rary and costly option of transporting bottled water. In particular,
water-treatment systems should beinstalled at critical locations such
as hospitals, schools and community centres. Individual households
could be supplied with individual small-scale filtration systems. In
the longer term, options such as desalination should be considered
because most of the local surface watersin the southeastern parts of the
country are characterized by high mineralization*’ (for example, the
current water supply to Mykolayiv from the Southern Bug toreplace the
damaged supply system from the Dnieper’). For settlements that were
receiving water from the basin of the Siverskyi Donets River, the option
for desalinationis even more convincing due to both the proximity to
alternative water supply sources and the fragility of water-transfer
facilities as has been shown by this armed conflict.

Importantly, environmental monitoring and data collection
efforts to better understand the environmental risks are urgently
needed. Unfortunately, in March 2022, the Organization for Security
and Cooperationin Europe, the official international conflict monitor,
announced closure of its Special Monitoring Mission in Ukraine*’. The
mission was enabling the repair and maintenance of the critical civil-
ian infrastructure facilities benefitting civilians on both sides of the
contactline in eastern Ukraine since 2014.

The current crisis demands coordinated action from Ukraine
and Russia, mediated and facilitated by other countries of the Euro-
pean Union and the United Nations. We recommend that science and

management focus on assessing the dynamic state of the environment
and water conditionsin the zone of the conflict, with the aim to develop
effective and prompt approaches forits post-war rebuilding. Although
the conflictis stillongoing, freshwater resources and water infrastruc-
ture should be protected and maintained because of their central role
in supporting basic human needs, health and well-being. Because
accesstothesitesinthe zone of conflictis limited, particular attention
should be given to spatial mathematical and cartographic modelling
using remote-sensing data, which allow efficient use of limited input
information. Such an approach can be applied to simulating flooding
due to dam breaching under different hydrological scenarios, spread
of pollutants from sunken military monitions, effect of land mines on
surface and groundwater, predicting quality of subsurface mine waters
and their overflow to geologically connected areas, forecast of quantity
and quality of water for drinking and irrigation purposes and assess-
ment of the effect on freshwater biodiversity. From a management
perspective, we recommend that future studies focus on assessing
financial apparatus and the economic dimensions of sustainable water
management, onthe enforcement of water-related regulations and on
identification and evaluation of current and post-conflict needs, facili-
tating the recovery of Ukrainian water resources and infrastructure.

Methods

Information about the effects of the armed conflict on water resources
andinfrastructure was collected between 18 February 2022 and 30 May
2022, covering the first three months of the armed conflict. Although
the conflict started on 24 February 2022, we included information from
one week before due to massive attacks on water infrastructurein the
eastern part of Ukraine during this period. Furthermore, because the
conflict area occupies almost the same territories, the main results
reported here remain fairly actual.

To avoid biased presentation of theinformation, we cross checked
data from governmental and media sources of Ukrainian, Russian
and international origin. As a primary source of information, we used
weekly reports of the Ministry of Ecology and Natural Resources of
Ukraine, reports of the Ministry for Reintegration of the Temporary
Occupied Territories and Internally Displaced Persons of Ukraine and
reports of the Ukrainian regional war administrations. To search for
information from mediasources, we used keywords related to reported
impactsin Ukrainian, Russian and English languages in Google Search.
Asatimeline for checkinginformationsources, we defined the period
between 15 February and 15 September 2022. We also included infor-
mation not only reported by the Ukrainian governmental sources, but
provided by mediasourcesindifferent countries, including Russia. For
most of the identified events (64 in total), the majority of theinforma-
tion was derived from Ukrainian official governmental and media
sources (43 and 56, respectively); less information was available from
sources of international and Russian origin (28 and 24, respectively).
Allreferences and sources are listed in the Source data file and can be
assessed and evaluated by readersif required.

The database onimpacts (Source data) consists of three informa-
tion clusters. First, the cluster on location characteristics contains
information aboutlocation (for example, name of the region, city, res-
ervoir or mine), including coordinates and dates of impacts, together
withinformation on affected hydrographic sub-basin and main basin,
water body and water infrastructure. Second, the cluster related to
the type of incident provides ashort description of theimpact and its
status, defined as realized (with documented evidence) or potential
(impacts for which high likelihood of the event was documented,
but no evidence on irreversible damage had been reported). In addi-
tion, each impact is described according to the DPSIR framework
(drivers, pressures, states, impacts, responses), which is commonly
used to assess and manage environmental problems®. Thus, for each
impact, we described related drivers, pressures and states and pro-
vided animpact description. Due to the ongoing nature of the current
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conflict and difficulties in obtaining reliable information on the state
of water resources or infrastructure, we did not include the category
‘response’ proposed by the framework. Although other methodologi-
calapproaches canbe applied to analyse theimpact of armed conflict
onwater resources, this framework provides agood balance between
aneed to collect complex information over a long-term period of
conflict duration (for example, used in the social-ecological system
framework®?) and the necessity to include certain analytical assump-
tions on the dynamic nature of conflict and the operation of water
utility companies (for example, such asin the ISO 31000 standard for
risk management*’) or generalize collected information (for example,
when impacts on water resources are classified according to Sustain-
able Development Goals and their specific targets**). Finally, the third
cluster of the database provides references to Ukrainian governmental
sources and media sources, Russian media sources and international
sources used in data collection. Cases for which information in the
respective informational source was not found are marked with‘NA’. In
addition, we collected information on regions of Ukraine left without
water supply since the start of the armed conflict in February 2022
(Supplementary Information1).

Although we aimed to collect and arrange a database that is as
comprehensive as possible, it is clear that, given the difficult circum-
stances intrinsic toanarmed conflict, the data that we collected might
be incomplete, and our account is an underestimate of the extent of
the problem. Certain territories of Ukraine were left without internet
access, and therefore adequate data onimpacts were not available, or
impactstook placein areas where adequate tracking of consequences
was not possible. In addition, certain potential impacts could not be
confirmed with full confidence.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

Source data are provided with this paper.

References

1. Water and Sanitation Interlinkages Across the 2030 Agenda
for Sustainable Development (UN-Water Technical Advisory
Unit, 2016).

2. Francis, R. A. The impacts of modern warfare on freshwater
ecosystems. Environ. Manage. 48, 985-999 (2011).

3. Mason, M. Infrastructure under pressure: water management and
state-making in southern Iraq. Geoforum 132, 52-61(2022).

4. Gleick, P. H. Water as a weapon and casualty of conflict:
freshwater and international humanitarian law. Water Resour.
Manage. 33, 1737-1751(2019).

5. Schillinger, J., Ozerol, G., Giiven-Griemert, S. & Heldeweg, M.
Water in war: understanding the impacts of armed conflict
on water resources and their management. WIREs Water 7,
e1480 (2020).

6. Khilchevskyi, V. K. & Mezentsev, K. V. Water conflicts and Ukraine:
Donbas region. In Proc. 15th International Scientific Conference:
Monitoring of Geological Processes and Ecological Condition of
the Environment 1-5 (European Association of Geoscientists &
Engineers, 2021).

7. Water Conflict Chronology (Pacific Institute, accessed 25 July
2022); https://www.worldwater.org/water-conflict/

8. How Is the Term “Armed Conflict” Defined in International
Humanitarian Law? (ICRC, 2008); https://www.icrc.org/en/doc/
assets/files/other/opinion-paper-armed-conflict.pdf

9. Pereira, P, Basi¢, F., Bogunovic, I. & Barcelo, D. Russian-Ukrainian
war impacts the total environment. Sci. Total Environ. 837,
155865 (2022).

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

Zheleznyak, M. et al. Ecological footprint of Russia’s Ukraine
invasion. Science 377, 6612 (2022).

Rawtani, D., Gupta, G., Khatri, N., Rao, P. K. & Hussain, C. M.
Environmental damages due to war in Ukraine: a perspective.
Sci. Total Environ. 850, 157932 (2022).

Khan, M. The Environmental Impacts of War and Conflict KAD
Helpdesk Report (Institute of Development Studies, 2022);
https://doi.org/10.19088/K4D.2022.060 .

Sukhodolov, A. N. et al. in Rivers of Europe (eds Tockner, K. et al.)
685-716 (Elsevier, 2022).

Behnassi, M. & El Haiba, M. Implications of the Russia-

Ukraine war for global food security. Nat. Hum. Behav. 6,
754-755 (2022).

Dvigun, A. O., Datsii, O. I., Levchenko, N. M., Shyshkanova, G. A.
& Dmytrenko, R. M. Rational use of fresh water as a guarantee
of agribusiness development in the context of the exacerbated
climate crisis. Sci. Innov. 18, 85-99 (2022).

IPCC Climate Change 2022: Impacts, Adaptation and
Vulnerability (eds Portner, H.-O. et al.) (Cambridge Univ.

Press, 2022).

Moroz, D. & Bigg, C. Ukrainian activists draw attention to little-
known WWII tragedy. Radio Free Europe (23 August 2013);
https://www.rferl.org/a/european-remembrance-day-ukraine-
little-known-ww2-tragedy/25083847.html

Sanada, Y. et al. Accumulation and potential dissolution of
Chernobyl-derived radionuclides in river bottom sediment.
Appl. Radiat. Isot. 56, 751-760 (2022).

Matsunaga, T. et al. Association of dissolved radionuclides
released by the Chernobyl accident with colloidal materials in
surface water. Appl. Geochem. 19, 1581-1599 (2004).

Sansone, U., Belli, M., Voitsekovitch, O. V. & Kanivets, V. V. ¥’Cs
and °°Sr in water and suspended particulate matter of the
Dnieper River-Reservoirs System (Ukraine). Sci. Total Environ. 186,
257-271(1996).

Castelvecchi, D. Ukraine nuclear power plant attack: scientists
assess the risks. Nature https://doi.org/10.1038/d41586-022-
00660-z (2022).

Reznik, V. S., Morozova, O. S., Morozov, O. V., Jaskulska, I. &
Kamieniarz, J. Current state of irrigation in the Kherson steppe
zone of Ukraine and in Kujawsko-Pomorskie province in Poland.
Acta Sci. Pol. Agric. 15, 73-83 (2016).

Shevchuk, S., Vyshnevskyi, V. & Bilous, O. The use of remote
sensing data that is studying the environmental consequences of
Russia-Ukraine War. J. Landsc. Ecol. 15, 36-53 (2022).

Malakar, A., Snow, D. D. & Ray, C. Irrigation water quality—a
contemporary perspective. Water 11, 1482 (2019).

Khokhlova, L. & Lukashev, D. Assessment of heavy metal
contamination of the technoecosystem of the Kakhovka main
canal of the Kakhovka irrigation system. Environ. Probl. 4,
197-202 (2019).

Analytical Review of the Qualitative State of Surface Water Bodies
in the Area of the Don River Basin in August 2022 (State Agency of
Water Resources of Ukraine, 2022); https://sdbuvr.gov.ua/news/
analitychnyy-ohlyad-yakisnoho-stanu-poverkhnevykh-vodnykh-
obyektiv-rayonu-baseynu-richky-don-u

State of the Siverskyi Donets Basin and Related Risks Under
Military Operations (OSCE, 2019); https://www.osce.org/files/f/
documents/8/6/419459.pdf

1.4 Million People Without Running Water Across War-Affected
Eastern Ukraine (UNICEF, 20 April 2022); https://www.unicef.org/
ukraine/en/press-releases/14-million-people-without-running-
water-across-war-affected-eastern-ukraine

Ukraine Situation Report (UN Office for the Coordination of
Humanitarian Affairs, 12 October 2022); https://reports.unocha.
org/en/country/ukraine/

Nature Sustainability


http://www.nature.com/natsustain
https://www.worldwater.org/water-conflict/
https://www.icrc.org/en/doc/assets/files/other/opinion-paper-armed-conflict.pdf
https://www.icrc.org/en/doc/assets/files/other/opinion-paper-armed-conflict.pdf
https://doi.org/10.19088/K4D.2022.060
https://www.rferl.org/a/european-remembrance-day-ukraine-little-known-ww2-tragedy/25083847.html
https://www.rferl.org/a/european-remembrance-day-ukraine-little-known-ww2-tragedy/25083847.html
https://doi.org/10.1038/d41586-022-00660-z
https://doi.org/10.1038/d41586-022-00660-z
https://sdbuvr.gov.ua/news/analitychnyy-ohlyad-yakisnoho-stanu-poverkhnevykh-vodnykh-obyektiv-rayonu-baseynu-richky-don-u
https://sdbuvr.gov.ua/news/analitychnyy-ohlyad-yakisnoho-stanu-poverkhnevykh-vodnykh-obyektiv-rayonu-baseynu-richky-don-u
https://sdbuvr.gov.ua/news/analitychnyy-ohlyad-yakisnoho-stanu-poverkhnevykh-vodnykh-obyektiv-rayonu-baseynu-richky-don-u
https://www.osce.org/files/f/documents/8/6/419459.pdf
https://www.osce.org/files/f/documents/8/6/419459.pdf
https://www.unicef.org/ukraine/en/press-releases/14-million-people-without-running-water-across-war-affected-eastern-ukraine
https://www.unicef.org/ukraine/en/press-releases/14-million-people-without-running-water-across-war-affected-eastern-ukraine
https://www.unicef.org/ukraine/en/press-releases/14-million-people-without-running-water-across-war-affected-eastern-ukraine
https://reports.unocha.org/en/country/ukraine/
https://reports.unocha.org/en/country/ukraine/

Analysis

https://doi.org/10.1038/s41893-023-01068-x

30. Cholera outbreak: a new health concern in war-torn Ukraine.
Euractiv (18 May 2022); https://www.euractiv.com/section/health-
consumers/news/cholera-outbreak-a-new-health-concern-in-war-
torn-ukraine/

31. Quality of technical water at the outlet of water treatment
facilities. Mykolayiv Vodokanal (6 June 2022); https://www.
vodokanal.mk.ua/uk/noviny/publichna-informatciia/iakist-
vodi-tekhnichnoyi-na-vikhodi-z-ochisnikh-sporud-vodoprovodu-
za-06-06-2022-r-6950

32. Donetsk remained without water—all specialists were mobilized
by the occupiers. Focus.ua (14 May 2022); https://focus.ua/
voennye-novosti/515609-doneck-ostalsya-bez-vody-vse-
specialisty-mobilizovany-okkupantami

33. Zaliska, O., Oleshchuk, O., Forman, R. & Mossialos, E. Health
impacts of the Russian invasion in Ukraine: need for global health
action. Lancet 399, 1450-1452 (2022).

34. Children Living in Protracted Conflicts Are Three Times More Likely
to Die from Water-Related Diseases than from Violence (UNICEF, 22
March 2019); https://www.unicef.org/ukraine/en/press-releases/
children-living-protracted-conflicts-are-three-times-more-likely-
die-water-related

35. Russians report vast waste spill in West Ukraine. The New York
Times (29 October 1983); https://www.nytimes.com/1983/10/29/
world/russians-report-vast-waste-spill-in-west-ukraine.html

36. Garmatuk, O. M. & Khudyi O. I. in Behaviour, Ecology and
Evolution of Animals Vol. 3 (ed. Zhigarev, |. A.) 267-287
(NP “Golos Gubernii”, 2012).

37. Zhdanova, G. A., Shevtsova, L. V., Kuzko, O. A, Tsaplina, Y. N. &
Golovko, T. V. Ecological assessment of water quality in the lower
Dniester River. Hydrobiol. J. 34, 84-96 (1998).

38. Lishchynskyy, I. Spatial concentration of industry and local
production systems in Ukraine. Acta Univ. Lodz. Folia Oecon. 2,
51-63 (2016).

39. Briefing on the Environmental Damage Caused by the Russia’s War
of Aggression Against Ukraine (2-8 June 2022) (Ministry of Ecology
and Natural Resources of Ukraine, 10 June 2022); https://mepr.
gov.ua/news/39274.html

40. Cundy, A. Dead dolphins: how nature became another casualty
of the Ukraine war. The Guardian (7 June 2022); https://www.
theguardian.com/environment/2022/jun/07/dead-dolphins-how-
nature-became-another-casualty-of-the-ukraine-war

41. State Environmental Inspectorate of Ukraine State Environmental
Inspection: Water Discharge at the Oskil Reservoir During the
Spawning Period Caused Fish Death Worth over 883.7 MIln Hryvnas
(State Environmental Inspectorate of Ukraine, 14 July 2022);
https://dei.gov.ua/posts/2297

42. Pereira, P. et al. The Russian-Ukrainian armed conflict will push
back the sustainable development goals. Geogr. Sustain. 3,
277-287 (2022).

43. Hook, K. & Marcantonio, R. Environmental dimensions of conflict
and paralyzed responses: the ongoing case of Ukraine and future
implications for urban warfare. Small Wars Insurg. https://doi.org/
10.1080/09592318.2022.2035098 (2022).

44. The Importance of Ukraine and the Russian Federation for Global
Agricultural Markets and the Risks aAssociated with the War in
Ukraine (FAQ, 10 June 2022); https://www.fao.org/3/cb9013en/
cb9013en.pdf

45. Hussein, H. Russia is weaponizing water in its invasion of Ukraine.
Nature 603, 793-793 (2022).

46. Resolution 2573 (2021) / Adopted by the Security Council on
27 April 2021 (United Nations Security Council, 2021);
https://digitallibrary.un.org/record/3924402

47. Risk Assessment of the ‘Voda Donbasa’ Water System—2017 Risk
Assessment Report (UNICEF, 2019); https://www.unicef.org/ukraine/
media/8971/file/UNICEF_Risk%20Assessment_Sep2019_ENG.pdf

48. Water Under Fire: Utility Workers Risk Their Lives to Restore Water
Supply to Eastern Ukraine (UNICEF, 19 March 2021); https://www.
unicef.org/ukraine/en/stories/water-under-fire-0

49. Khilchevskyi, V. K., Kurylo, S. M. & Sherstyuk, N. P. Chemical
composition of different types of natural waters in Ukraine.

J. Geol. Geogr. Geoecol. 27, 68-80 (2018).

50. OSCE Chairman-in-Office and Secretary General Announce
Upcoming Closure of Special Monitoring Mission to Ukraine
(OSCE, 28 April 2022); https://www.osce.org/chairmanship/
516933

51. Borja, A. et al. The European Water Framework Directive and the
DPSIR, a methodological approach to assess the risk of failing
to achieve good ecological status. Estuar. Coast. Shelf Sci. 66,
84-96 (2006).

52. Schillinger, J., Ozerol, G. & Heldeweg, M. A social-ecological
systems perspective on the impacts of armed conflict on water
resources management: case studies from the Middle East.
Geoforum 133, 101-116 (2022).

53. Batashvili, D. The battle of Ukraine. Rondeli Russian Military Digest
https://gfsis.org.ge/russian-monitor/view/3240 (2022).

54. Khilchevskyi, V. K. Water and armed conflicts—classification
features: in the world and in Ukraine. Hydrol. Hydrochem.
Hydroecol. 1, 6-18 (2022).

55. Ptak, G. Toxic waters in war-torn Ukraine: how not to phase out
coal. Deutsche Welle (21 December 2021); https://www.dw.com/
en/toxic-waters-in-war-torn-ukraine-how-not-to-phase-out-
coal/a-60084288

56. The Ukrainian armed forces pushed back the Orks from Kiselevka:
with heavy losses, the enemy retreated towards Chernobaevka.
Korabelov (24 April 2022); https://korabelov.info/2022/04/
243529/vsu-otkinuli-orkov-ot-kiselevki-s-bolshimi-poteryami-
vrag-otoshel-v-storonu-chernobaevki/

57. In Mykolaiv, crowds of people go to the rivers and springs, and
there are huge queues at the places where water is picked up.
Novosti N (14 April 2022); https://novosti-n.org/ua/news/U-
Mykolayevi-natovpy-lyudej-jdut-do-richok-ta-dzherel-bilya-miscz-
pidvezennya-vody-velychezni-chergy-239918

Acknowledgements
This research was partly supported by the grant SU 405/10-1 from the
Deutsche Forschungsgemainschaft (DFG).

Author contributions

0.S., KT, A.S. and P.G. designed the study. O.S., A.S., V.K,, KT.

and P.G. collected the information on impacts of freshwater
resources and water infrastructure from media sources. P.G. provided
additional data from the Water Conflict Chronology. J.A.H.-A.
produced Figs. 2 and 3 presented in the manuscript. O.S. wrote the
paper with contributions from KT., A.S., VK., L.D.M., PG., GT, S.S.
and J.A.H.-A. All authors participated in reviewing and editing the
full manuscript.

Funding
Open access funding provided by Leibniz-Institut fir Gewasserokologie
und Binnenfischerei (IGB) im Forschungsverbund Berlin e.V.

Competinginterests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary
material available at https://doi.org/10.1038/s41893-023-01068-x.

Correspondence and requests for materials should be addressed to
Oleksandra Shumilova.

Nature Sustainability


http://www.nature.com/natsustain
https://www.euractiv.com/section/health-consumers/news/cholera-outbreak-a-new-health-concern-in-war-torn-ukraine/
https://www.euractiv.com/section/health-consumers/news/cholera-outbreak-a-new-health-concern-in-war-torn-ukraine/
https://www.euractiv.com/section/health-consumers/news/cholera-outbreak-a-new-health-concern-in-war-torn-ukraine/
https://www.vodokanal.mk.ua/uk/noviny/publichna-informatciia/iakist-vodi-tekhnichnoyi-na-vikhodi-z-ochisnikh-sporud-vodoprovodu-za-06-06-2022-r-6950
https://www.vodokanal.mk.ua/uk/noviny/publichna-informatciia/iakist-vodi-tekhnichnoyi-na-vikhodi-z-ochisnikh-sporud-vodoprovodu-za-06-06-2022-r-6950
https://www.vodokanal.mk.ua/uk/noviny/publichna-informatciia/iakist-vodi-tekhnichnoyi-na-vikhodi-z-ochisnikh-sporud-vodoprovodu-za-06-06-2022-r-6950
https://www.vodokanal.mk.ua/uk/noviny/publichna-informatciia/iakist-vodi-tekhnichnoyi-na-vikhodi-z-ochisnikh-sporud-vodoprovodu-za-06-06-2022-r-6950
https://focus.ua/voennye-novosti/515609-doneck-ostalsya-bez-vody-vse-specialisty-mobilizovany-okkupantami
https://focus.ua/voennye-novosti/515609-doneck-ostalsya-bez-vody-vse-specialisty-mobilizovany-okkupantami
https://focus.ua/voennye-novosti/515609-doneck-ostalsya-bez-vody-vse-specialisty-mobilizovany-okkupantami
https://www.unicef.org/ukraine/en/press-releases/children-living-protracted-conflicts-are-three-times-more-likely-die-water-related
https://www.unicef.org/ukraine/en/press-releases/children-living-protracted-conflicts-are-three-times-more-likely-die-water-related
https://www.unicef.org/ukraine/en/press-releases/children-living-protracted-conflicts-are-three-times-more-likely-die-water-related
https://www.nytimes.com/1983/10/29/world/russians-report-vast-waste-spill-in-west-ukraine.html
https://www.nytimes.com/1983/10/29/world/russians-report-vast-waste-spill-in-west-ukraine.html
https://mepr.gov.ua/news/39274.html
https://mepr.gov.ua/news/39274.html
https://www.theguardian.com/environment/2022/jun/07/dead-dolphins-how-nature-became-another-casualty-of-the-ukraine-war
https://www.theguardian.com/environment/2022/jun/07/dead-dolphins-how-nature-became-another-casualty-of-the-ukraine-war
https://www.theguardian.com/environment/2022/jun/07/dead-dolphins-how-nature-became-another-casualty-of-the-ukraine-war
https://dei.gov.ua/posts/2297
https://doi.org/10.1080/09592318.2022.2035098
https://doi.org/10.1080/09592318.2022.2035098
https://www.fao.org/3/cb9013en/cb9013en.pdf
https://www.fao.org/3/cb9013en/cb9013en.pdf
https://digitallibrary.un.org/record/3924402
https://digitallibrary.un.org/record/3924402
https://www.unicef.org/ukraine/media/8971/file/UNICEF_Risk%20Assessment_Sep2019_ENG.pdf
https://www.unicef.org/ukraine/media/8971/file/UNICEF_Risk%20Assessment_Sep2019_ENG.pdf
https://www.unicef.org/ukraine/en/stories/water-under-fire-0
https://www.unicef.org/ukraine/en/stories/water-under-fire-0
https://www.osce.org/chairmanship/516933
https://www.osce.org/chairmanship/516933
https://gfsis.org.ge/russian-monitor/view/3240
https://www.dw.com/en/toxic-waters-in-war-torn-ukraine-how-not-to-phase-out-coal/a-60084288
https://www.dw.com/en/toxic-waters-in-war-torn-ukraine-how-not-to-phase-out-coal/a-60084288
https://www.dw.com/en/toxic-waters-in-war-torn-ukraine-how-not-to-phase-out-coal/a-60084288
https://korabelov.info/2022/04/243529/vsu-otkinuli-orkov-ot-kiselevki-s-bolshimi-poteryami-vrag-otoshel-v-storonu-chernobaevki/
https://korabelov.info/2022/04/243529/vsu-otkinuli-orkov-ot-kiselevki-s-bolshimi-poteryami-vrag-otoshel-v-storonu-chernobaevki/
https://korabelov.info/2022/04/243529/vsu-otkinuli-orkov-ot-kiselevki-s-bolshimi-poteryami-vrag-otoshel-v-storonu-chernobaevki/
https://novosti-n.org/ua/news/U-Mykolayevi-natovpy-lyudej-jdut-do-richok-ta-dzherel-bilya-miscz-pidvezennya-vody-velychezni-chergy-239918
https://novosti-n.org/ua/news/U-Mykolayevi-natovpy-lyudej-jdut-do-richok-ta-dzherel-bilya-miscz-pidvezennya-vody-velychezni-chergy-239918
https://novosti-n.org/ua/news/U-Mykolayevi-natovpy-lyudej-jdut-do-richok-ta-dzherel-bilya-miscz-pidvezennya-vody-velychezni-chergy-239918
https://doi.org/10.1038/s41893-023-01068-x

Analysis

https://doi.org/10.1038/s41893-023-01068-x

Peer review information Nature Sustainability thanks Stefanos
Xenarios and the other, anonymous, reviewer(s) for their contribution
to the peer review of this work.

Reprints and permissions informationis available at
www.nhature.com/reprints.

Publisher’s note Springer Nature remains neutral with
regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2023

Nature Sustainability


http://www.nature.com/natsustain
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s):  Dr. Oleksandra Shumilova

Last updated by author(s): Dec 15, 2022

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
|:| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|:| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

D The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] A description of all covariates tested

|:| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

X XX X XX 5

D A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

D For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

X X X

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used for data collection.

Data analysis No software was used for data analysis.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The study does not use information from publicly available datasets. The authors declare that links to original data sources supporting the findings of this study are
available within the supplementary information files.




Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

>
Q
=)
e
(D
O
@)
=4
o
=
—
(D
O
@)
=
)
(@]
wv
C
=
=
)
<

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences |:| Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Ecological, evolutionary & environmental sciences study design

All studies must disclose on these points even when the disclosure is negative.
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military actions on freshwater resources and water infrastructure. Reported impacts are unique cases and can not be reproduced

due to their devastating impact on the environment and human population.

Randomization This is not applicable for the data of the manuscript as no experimental work was conducted. We aimed to collect as comprehensive
database as possible from available information sources.

Blinding Blinding was not relevant for the current study. In the study our aim was to collect complete and reliable information on impacts on
freshwater resources and infrastructure, without excluding any cases.

Did the study involve field work? |:| Yes |Z| No

Reporting for specific materials, systems and methods




We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |Z |:| ChIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
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