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ABSTRACT

Investigation of the environmental impacts of armed conflict has been made easier in recent years with the development of new and improved

methods for documenting and monitoring environmental damage and pollution. For decades, research into conflict-linked environmental

damage and its links to human health have been overlooked and research underfunded, hindering a complete humanitarian response and

effective post-conflict reconstruction. Recent developments in the field of open-source investigation have shown promising results due to the

increased use of mobile phones, access to the internet and freely available methods for remote observation by satellite. Utilizing and analysing

these sources of data can help us to understand how conflicts are associated with environmental damage, pollution and their negative impacts

upon public health. Further research and development in this field will help to inform more effective humanitarian responses, mitigate risks to

health and identify priorities for post-conflict reconstruction programs. Data-driven open-source research can also strengthen international

discussions on state accountability for military activities and build a case for the responsibility of warring parties to protect the environment as

well as the people who depend on it.
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Introduction

Armed conflicts can cause widespread and/or localized envi-
ronmental damage, with acute or long-term health and envi-
ronmental impacts. Documenting this type of impact has
been difficult and ad hoc, often focusing on only the most
extreme and acute examples, such as large-scale destruction
of oil wells in Kuwait in 1991 and Iraq in 2016. Nation
states and the international community have long ignored
the environmental health dimension of conflicts, mainly due
to concerns over political accountability for military actions,
absence of funding for research or ignorance of this link.

In this article, we argue that environmental health risks
born from conflict-related pollution deserve better incorpo-
ration in the framing and analysis of medical and public health
research, as well as a wider integration in policy develop-
ment for the humanitarian response. The rise of open-source

information investigation (OSINT) techniques has created an
important opportunity to collect data and develop warnings
and indicators of potential human health risks caused by
environmental pollution or damage to the natural and built
environment during conflict.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpubhealth/article/42/3/e352/5628132 by guest on 04 D

ecem
ber 2020



SOLVING THE JIGSAW OF CONFLICT-RELATED ENVIRONMENTAL DAMAGE e353

Environment and conflict: a brief historical
overview

The destruction and damage armed conflicts inflict upon
people, and societies have been well documented, driving
international efforts to prevent and limit the humanitarian
consequences of warfare through instruments such as
the Geneva Conventions, international norm building and
military guidelines.1 However, there is growing concern in
humanitarian circles with how armed conflicts and military
activities per se can contribute to widespread pollution,
lead to significant environmental and ecosystem damage
and constitute significant threats to civilian health. Direct
environmental damage pathways include toxic hazards from
targeting industrial sites, hazardous remnants of weapons
and munitions, human displacement, the by-products of
extractive industries used to fund conflict, damage to
sanitation infrastructure and deliberate destruction of natural
resources. Conflict economies are often the drivers of indirect
environmental damage; e.g. through artisanal oil refining or
charcoal production. Another indirect driver is the collapse
of environmental governance and relevant state institutions,
which lead to lack of enforcement of laws and regulations.2

History is full of examples where scorched earth tactics,
such as destroying agricultural lands or poisoning water wells,
have been employed by armed forces as a direct tactic or as
retribution against local populations.3 Modern weapon tech-
nologies developed rapidly after the invention of gunpowder,
and as industrialization accelerated in the 19th century, so
did the possibilities for militaries to create significant envi-
ronmental damage through munitions. Examples include the
intense shelling of battlefields in World War I, polluting soils
with heavy metals,4 to attack on oil fields in Romania in
World War II, the testing and use of nuclear weapons and
the extensive use of toxic defoliants such as Agent Orange
in the Vietnam War.5 Despite the end of the Cold War,
the world continues to witness environmental damage, e.g.
when retreating Iraqi troops set oil wells on fire in Kuwait in
19916 or with the destruction of industrial sites in the Balkan
wars.7 In the most recent conflicts in Syria and Iraq, the so-
called Islamic State in 2016 burned down the Al Mishraq Sul-
phur factory, releasing a toxic plume of sulfur dioxide.8 This
killed dozens and hospitalized over 1500 local civilians and
internally displaced persons (IDPSs), while at the same time
setting fire to oil wells at Qayyarah that burned for 8 months9

Most recently in the Ukraine, shelling of chemical plants and
factories storing toxic waste have created yet another focus
of environmental pollution.10 Both actual contemporary con-
flicts and the doctrines of major armed forces continue to
pose significant risks to the environment and to human health.

There are acute and long-term risks from munitions, explo-
sives and rocket propellants polluting ecosystems, both during
conflict and a long-term post-conflict period. These threats
range from exposure to munition-related toxic (and some-
times radioactive) heavy metals in the local environment,
to military remnants such as scrapped vehicles and tanks
and to ammunition storage sites that can leak hazardous
waste, particularly toxic propellants from poorly stored muni-
tions. Indirect analysis of military firing ranges,11,12 as well
as pollution impacts from unplanned explosions in munition
storage sites,13 and a range of military munition storage
guidelines14–16 acknowledge the health risks presented by
a wide range of munitions. The use of depleted uranium
munitions in the Balkans (1995, 1999), the Gulf Wars (1991,
2003)17 and in Syria (2015) are more recent examples of
ordnance-related threats to both environment and human
health.18 In line with the precautionary principle which has
been adopted as the core for environmental risk assessment
and management, UNEP’s advisories have recommended tak-
ing a precautionary approach to managing the risk posed by
munitions, a position supported by UN General Assembly
resolutions.19

Damage to the environment and critical infrastructure
can have direct impact on the huminitarian situation, while
also limiting opportunities for economic recovery in the
post-conflict reconstruction phase. The destruction of
water pumping and sewage systems in Yemen significantly
contributed to outbreaks of cholera, affecting over a million
people.20 Water pollution combined with a collapse of
environmental governance, e.g. due to the absence of waste
collections, resulted in multiple infectious disease outbreaks in
Iraq in 2003 and throughout the Syrian and Yemen conflict.
Tens-of-thousands were affected, particularly in vulnerable
groups like children, pregnant women and the elderly.21,22 In
Ukraine, attacks on water filtration stations not only risked the
release of massive amounts of chlorine but also continued to
hinder access to drinking water for hundreds of thousands of
civilians.23 At the same time, wide-scale destruction of Syria’s
oil infrastructure stimulated artisanal oil refining, involving
thousands of people, including many children working in
hazardous conditions.24 Large-scale damage to urban areas
in Iraq and Syria has produced millions of tons of conflict
rubble, often mixed with household, medical and industrial
wastes, while pulverized building materials itself are suspected
to be a source of health problems through contamination
with asbestos and/or heavy metals.25–27 In Gaza, decades of
occupation and intense fighting combined with sanctions are
slowly toxifying the environment, with the UN indicating
that the area will become unhabitable in the near future
due to waste management problems, pollution and lack of
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sufficient infrastructure to provide for its population.28,29

These examples illuminate the similarities and differences in
the multiple pathways that lead to environmental degradation
through pollution and the impact on human health.

Armed conflicts can also lead to the destruction, more
broadly, of entire ecosystems through mechanisms such as
desertification and deforestation. In southern Turkey and
northern Iraq, shelling by the Turkish and Iranian army
against Kurdish armed groups during dry summers resulted
in severe destruction of forestry and woodlands by
wildfires,30, 31 while the need for firewood by refugee and
IDP camps in Bangladesh, Lebanon and Syria has depleted
local forests. Forests have been used for charcoal production,
as illustrated in the case of the armed group Al-Shabaab
in Somalia.32 Reconstruction of built-up areas also severely
affected local water resources due to the rise of quarries and
river bed excavations used for cement, affecting water levels
and local river flows as seen in Lebanon in 200633 and Iraq in
2016.34

Conflict pollution and human health risks

Documenting the causal relationship between conflict-related
exposures and acute and chronic health conditions requires
quantifying exposures to known toxins associated with
conflict and their correlation with disease outcomes. The
basic elements that make up the exposure assessment are
the source, the pathway of exposure, exposure time, quantity
and other individual characteristics such as age, gender and
past health conditions.35 Effects can be acute through direct
exposure or release of hazardous chemicals which are then
inhaled, ingested or exposed to bare skin, while other health
effects can be caused by chronic exposure, such as polluted
groundwater or soils that are contaminated by heavy metals or
other toxic chemicals in the food chain. There are ranges of
heavy metals used in munitions or as a part of weapon systems
to which civilians and military personnel can be exposed
during and after conflicts, with DU being the most reported
in the literature. However, there are no data on exposure of
populations through conflict, and the DU debate has been
clouded by a lack of empirical research, propaganda and a
lack of transparency over its use and hindered by proper
environmental assessments.36

Cumulative toxification (bioaccumulation) may also occur
in a conflict-related environment due to exposure to multi-
ple toxins, further complicating exposure-impact studies.37 It
must be noted that for populations in conflict areas other
factors increase their vulnerability to pollution such as mal-
nutrition, a general absence of healthcare and other non-
environment-related diseases. The impacts of warfare on

environmental governance and services often lead to the
collapse of municipal waste disposal and water treatment.
Those subsets of exposed populations with a generally higher
vulnerability, such as children, (pregnant) women and elderly
people, are particularly vulnerable. The source of pollution,
defined as the origin of the agent, or stressor, can be in air,
food, water and/or other products.38 Transportation of the
stressor can occur within a medium or between multiple envi-
ronmental mediums. Biotic organisms can also be exposed by
chemical releases from abiotic media, for example.39 Conflict
zones are by nature complex and therefore present significant
confounding issues in data analysis. Relatively small sample
sizes and multiple potential causes for outcomes of interest
can confound observed associations.40 As a result, establish-
ing cause and effect can often be very difficult and open to
considerable challenges. Even in well-controlled studies such
as those conducted on firing ranges, the pathways to pollution
and the spectrum of pollutants are invariably heterogeneous
and complex, which makes linkage with specific health out-
comes even more challenging.41

Heavy metal contamination in conflict ecosystems has
other often overlooked consequences on health and health-
care systems. Recent researches on industrial and agricultural
settings have shown how heavy metal contamination is
closely bound up with the development of antimicrobial
resistance (AMR).42, 43 High levels of heavy metals have been
demonstrated in conflict zones in the Middle East44 and have
been linked to a number of health-related outcomes in war-
afflicted populations.45 Destruction of the built environment,
a new feature of contemporary conflicts, also releases heavy
metals contained in building and civic infrastructures and
can lead to leakage of heavy metals and antibiotics otherwise
contained in waste treatment systems. Other research also
suggests a link between exposure to hydrocarbons, such as
oil products and AMR,46 which is relevant in the Middle East
when one considers the significant damage to the oil industry,
and civilian exposure to hydrocarbons. These observations
and reports raise many questions about the links between
environmental contamination with heavy metals and the
proliferation of AMR that is now being seen across conflict-
impacted countries.

Identifying environmental damage

There is limited research on the potential health risks of
pollutants of military origin for exposed communities. Post-
conflict environmental assessments (PCEA) are mainly
carried out by UN Environment yet come with range of
limitations47 including political sensitivities, such as in the case
of Gaza, where no PCEA has been undertaken since 2009.48
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Despite the value of these PCEAs, very few health studies
have been undertaken to broaden the understanding how
conflict pollution can impact health in exposed populations.
This limits understanding of how environmental pollution
and damage may affect human health. Similarly, there has
been limited research undertaken on the impact of conflict
on ecosystems. The absence of data is largely due to
a lack of active monitoring undertaken during conflicts,
either due to the absence of capacity, funding or mandate.
This has severely limited the collection of necessary data
to identify potential environmental pathways of exposure
to conflict pollutants and related human health risk. The
environmental health dimension has been often overlooked
due to a number of security, financial and organizational
constraints. Moreover, environmental health evaluations
have neither been a priority in recent conflict assessments
nor in recovery work. Having said that, over the past 5
years, information collection on environmental impacts in
conflict has witnessed a significant transformation due to
the rise of novel technologies, open access to data and
innovative technologies. This development spurred progress
on identification and monitoring environmental damage and
potential hotspots of conflict pollution.

Open-source data revolution

The application of open-source information collection
or open-source intelligence (OSINT) has created novel
opportunities, particularly through digital technologies.49

With increasing access to the internet across the globe, more
information is collected and shared online than through any
other medium. Social media platforms, in particular, such
as Twitter, YouTube, VKontakte, Facebook and Instagram,
have created vast data troves. Various online platforms
have been created based on crowd-sourced knowledge
or collaborative projects, where users can provide input
and share knowledge, e.g. Wikipedia, but also open-source
projects such as OpenStreet Maps and Wikimapia. Projects
like Warwire and Echosec collect geo-tagged information
from social media that helps tracing events in the area of
interest, while LiveUAmap collect data on incidents in conflict
areas, providing user with near real-time information of
attacks with links to the original sources.50 The information
available pertains to everything from locations of individuals,
travel patterns through flight and ship tracking data, to all
kinds of governmental reports on various industries, national
policies and statistics.

Limitations to OSINT are that a great deal of time is spent
on verifying and geo-locating the images and videos. Another
pitfall is that researchers will only focus on which they can

digitally ‘see’, thus risk ignoring ground level human data.
Finally, information overload can make OSINT signal to noise
high and detection very challenging.

Humanitarian organizations have contributed to informa-
tion shared on what is happening in conflict areas through
platforms such as ReliefWeb51 and Humanitarian Data
Exchange,52 which collects every type of usable data for
humanitarian responses. This can range from health statistics,
camp locations, damage assessment of towns and cities
and population movements to geographical boundaries,
all available in different formats and available for use in
Geoinformation Systems (GIS) programs. The latest example
is the UN Environment-led MapX project, which will
use geospatial information to monitor the use of natural
resources through a crowd-sourced platform.53

Another important development is the democratization
of data through open access to information used in remote
sensing and earth observation (EO), such as satellite imagery,
that can be applied for environmental monitoring purposes.54

The use of satellite imagery for conflict monitoring is a tool
that has spurred interest from researchers working on conflict
analysis, human rights55 and cultural heritage sites.56 From
the satellite Sentinel Project57 that monitored the conflict in
Darfur to the burning oil wells at Qayyarah,58 optic imagery
has been a driving factor for gaining public attention because
of the strong visuals created.

Satellites can collect information on the Earth’s atmo-
sphere through various radar and optical sensors and envi-
ronmental monitoring protocols. The optical imagery comes
in various forms and resolutions sets, ranging from 30–80 cm
high-resolution images to 3–5 meter medium resolution and
10–60 meter low-resolution imagery. Google and Digital
Globe are providing free high-resolution satellite imagery.
Low-resolution imagery is provided through government-
funded programs such as the US NASA Landsat program59

and the joint EU Commission-European Space Agency’s
Copernicus program60 on a weekly basis. Various commercial
companies, such as Sinergise and Earth Observation Systems,
have now created tools such as Sentinel Hub and Landviewer
for easy access and on-the-go analysis of the imagery from
the different satellite programs and have been widely used by
the open-source community for environmental monitoring.61

Lately, free or low-cost medium resolution imagery has
become available through UrtheCast and Planet Labs, which
has given open-source communities a significant boost in
their abilities to use remote sensing.

The largest obstacle for near real-time satellite monitoring
was the time and effort it took to download and process and
analyse the imagery.62 This timeframe has been significantly
reduced, with near real-time availability of images through
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Planet Labs and Sentinel-2 satellites. Spatial analysis on
vegetation and water use will require longer time periods to
identify major changes, yet smaller changes in landscapes or
the built environment are relatively easy to identify and verify.
Crowd-sourced approaches and individual analysis of satellite
imagery have been used to assess airstrikes in Raqqa63 or to
identify oil spills from tampered oil wells in Iraq.64 There are
also obvious limitations to remote sensing, as cloud cover
limits the view of certain areas, particularly in wet seasons.
Secondly, not all pollution or environmental damage is directly
visible to the eye and can either take time to become visible or
is not visible at all. Lastly, ground verification is always needed
as optical imagery only provides a 2D version of a situation
and could lack crucial information on the scale and impact of
a certain incident.

The wealth of personal, public and geospatial information
available at the fingertips of anyone with an internet
connection has opened the possibility of linking various
data streams and generating new insights into global affairs.
Ground-breaking research was conducted by the open-
source investigation collective Bellingcat,65 which used all the
available open-source information combined with satellite
imagery to prove the use of a Russian BUK-missile to shoot
down the Malaysia Airlines flight 17 over eastern Ukraine in
2014. Bellingcat also proved the use of chemical weapons
by Assad in Syria. Its reports have been used as evidence
in the International Criminal Court in the case against the
Libyan commander Werfalli, a commander of the Saiqa
Brigade who executed prisoners.66 Other in-depth specialized
OSINT research also came from research institutes such as
Forensic Architecture, which used open-source information
for computer-based modeling and investigation into war
crimes, criminal investigations or environmental damage.67

The utilization of OSINT is now becoming a major technique
for monitoring environmental degradation and pollution.

Environmental monitoring in conflicts

Open-source data collected through social media, satellite
imagery, humanitarian data, damage assessments and exist-
ing information on environmentally sensitive sites, such as
industrial zones and critical infrastructure, form layers of data
that can build an environmental risk profile of a country
affected by armed conflict. Research on Syria, the Ukraine
and Iraq has used novel methods and tools to cast a wide
net. The information collected was linked with existing data
to assess environmental health risks. One unique approach
forecast pollution risk by applying the Flash Environmental
Assessment Tool (FEAT, a tool that was developed for use in
natural disasters and chemical incidents) to known damaged
sites.68 In Syria, this approach has been successfully applied

in conflict settings to identify sites suspected of storing haz-
ardous chemicals and other toxic materials, and combined
with information collected through social media, it helped
identify or verify damage resulting in a mapping of potential
environmental hot spots.69 A similar exercise was undertaken
both by PAX and UN Habitat before the operation leading
up to the liberation of Mosul,70, 71 a city with over 1 million
inhabitants.72

The use of satellite imagery in the case of Iraq was crucial
for monitoring the ongoing fighting for both humanitarian
response and environment impacts.73 In the Ukraine, the con-
tinued shelling around chemical factories and critical infras-
tructure sites also posed serious risks for chemical incidents.
Open-source data collection has provided assessments of
environmental risks.74, 75

Environmental monitoring in current conflicts has iden-
tified a range of other pollution and ecological risks. In the
case of the Syrian conflict, satellite analysis was used to
monitor changes in land-use76 the rise of artisanal oil refining
and subsequent health and environmental impacts24 and the
legacy of the damaged oil industrial sector,77 while in Gaza78

and Iraq,31 satellite imagery was used to monitor wildfires
created by burning kites or shelling and airstrikes. In Somalia,
massive deforestation caused by Al Shabaab has also been
analysed using remote sensing,79 and current open-source
projects such as Global Forest Watch provide a ready-to-
use data set from research communities on deforestation and
wildfires collected.80

Environmental jigsaw of conflict-related
damage

Gaining a full and comprehensive picture of what is happen-
ing on the ground during armed conflicts and their long-term
impacts will be limited due to the various obstacles to col-
lecting and verifying information. Nonetheless, the increase
of data generation and dissemination through social media
and remote sensing is helping to improve that quality and
size of that picture.81 Existing knowledge on the direct and
indirect pathways of environmental damage through open-
source data collection and remote sensing can support a
layered approach that can generate insight into the impacts of
conflicts. The current practice of open-source date collection
can be harnessed to:

• Function as an early-warning system in case of severe
chemical incident in armed conflicts.

• Identify areas of concern for humanitarian response work
to prevent or minimize environmental health risks.

• Provide timely information for post-conflict assessments
and health research and remediation work.
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• Support post-conflict rehabilitation and reconstruction
work that includes environmental factors.

• Strengthen awareness raising in affected communities on
health risks and environmental considerations.

Conclusion

Wars and armed conflicts have resulted in significant environ-
mental damage, exposed populations to conflict pollution and
other environmental health risks with potentially significant
public health impacts. For decades, the health risks associated
with environmental damage have been neglected. Large-scale
internet access and open-source satellite imagery now make it
possible to identify, monitor and assess conflict-born environ-
mental damage. These new tools and investigative techniques
allow effective and timely mapping of environmental damage.
Open-source data collection and remote sensing have opened
up an era of citizen science with the potential to generate
new insights into the intersection of conflict, environmental
damage and human health. This review demonstrates the
potential for this approach to minimize and prevent civiliand
and environmental harm through improving humanitarian
response work, providing a baseline for post-conflict envi-
ronmental assessments and facilitate better health research on
conflict pollution.
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