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The military factors which influences on the environment were analyzed. The environmental situation after the Iraq 

war was described. The types of soil violations after the war were considered. The dynamic of plant communities in 
disturbed areas was studied. The succession processes were observed during three years. Consequently, the zoning of 
disturbed areas and measures for the soil recovery were formed. 
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Проведений аналіз чинників, які впливають на довкілля в ході військових дій. Охарактеризована екологічна 

ситуація, що склалася  після Іракської війни. Розглянуті види порушених в ході війни ґрунтів. Вивчення дина-
міки рослинних угрупувань на порушених ділянках та спостереження на протязі трьох років сукцесійних про-
цесів дозволили провести зонування порушених територій  та запропонувати заходи по їх відновленню 
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PROBLEM STATEMENT. The 20th century ob-

served a dangerous increase in the number and duration 
of local wars and armed conflicts. Numerous military 
conflicts that took place in different regions of the world 
were accompanied not only with great loss of life, de-
struction of towns, inhabited areas, but also with the 
negative environmental consequences. [1, 2]. The mili-
tary operations in the Middle East resulted in degrada-
tion of natural complexes on a large scale. The specific 
character of changes in natural complexes and the extent 
of environmental and economic damage have not been 
completely estimated so far. Accordingly, it is necessary 
to carry out the all-round analysis of war effects, to 
study the laws that reflect the process of further change 
and self-renewal in natural complexes, as well as to sub-
stantiate and make arrangements for intensifying the 
recovery processes. 

MATERIAL AND RESULTS OBTAINED. Where-
as before the twentieth century the damage inflicted to 
the environment during wars was unintentional, the war 
in Vietnam was actually the first in the history of man-
kind, when deliberate environmental destruction in the 
enemy territory was the main part of one of the belliger-
ents’ strategy and tactics. In those years the military 
lexicon received a new term "ecocide" ("biocide", "ter-
racide")  which  involves  a  variety  of  means  used  by  
Americans to destroy nature in order to deprive the en-
emy of freedom of movement, shelter, local sources of 
food and other vital resources [3]. 

Quantitative and qualitative enhancement of modern 
weapons has significantly changed the nature of military 
objectives. So, alongside with the enemy manpower and 
equipment, the environment became the object of Iraqi 
military aggression in Kuwait in 1990–1991. Deliberate 
destruction of ecosystems in different regions of Kuwait 
was considered as a special and effective way to weaken 
the enemy. In that situation, nature became a hostage of 
one  of  the  belligerents.  Thus,  the  arson of  hundreds  of  

Kuwaiti oil wells appeared to be a terrorist act, the con-
sequences of which have both economic and environ-
mental damage. As a result of oil blowouts around the 
Gulf, the total area of oil patches made 10,000 km². 
Emissions of combustion products reached 12–16 tons / 
day, small particles – 18 million tons / year. At the same 
time, the content of sulfur dioxide was 20 tons / day, 
and from March to July 1991, there were emitted 3 tons 
of vanadium, 4800 tons of nickel. The fires caused acid 
and soot rains that were observed in Turkey, Iran and in 
the Himalayan region of India. Over a period of the war, 
the Gulf received 1.5 million tons of oil. The oil patch 
which appeared on the Kuwaiti coast expanded to 1000 
km long, 4300 km wide in the water area of 35 meters 
deep. That resulted in a thick, up to 30 cm, layer of tar 
which polluted the coast of the neighboring states. Be-
cause of the oil spill, 75% of desert surface and 90% of 
alkaline lands became covered with oil. Coastal man-
groves and date palms were severely affected by the 
fires. Oil film led to the death of not only fish, but all 
sea animals. An enormous damage was inflicted to the 
nesting sites and to sea birds themselves. The scientists 
claim that the disaster killed more than 15 thousand 
birds. According to UN estimates, Kuwait suffered at 
least 200 billion dollars damages. The entire impact on 
the environment is called "geophysical weapon" [4, 5]. 

Thus, contemporary wars can cause the following 
ecological disturbances: 

– activation of exogenous processes (landslides, 
slopes erosion); 

– contamination of surface and groundwater; 
– air pollution; 
– microclimate fluctuations; 
– violation of biological cycle of matter; 
– destruction of infrastructure, agricultural produc-

tion, industrial potential, and communications; 
– fundamental change in the state of natural com-

plexes. 
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Besides, application of chemical, biological and nu-
clear weapons during military operations can cause the 
contamination of large areas. 

The scale and nature of military impact on the envi-
ronment depend on the following groups of factors: 

– geological structure and specific geomorphological 
processes; 

– climatic conditions that affect both the degree of 
environmental pollution, and self-purification, self-
healing capabilities; 

– the degree of land development. 
The  war  in  Iraq  became  a  vivid  demonstration  of  

negative impact on the environment. In this conflict the 
actions of the U.S.A. and its anti-Iraq coalition partners 
were especially disregarding for the environment. 
Bombing campaign in the zone of battle actions wors-
ened the ecological situation in the region dramatically, 
and on some parameters – in the considerable area of 
the whole Arabian Peninsula as well. The consequences 
of the hostilities affected not only the combat zone it-
self, but the flora and fauna of a number of continents. 

In the course of the war, Iraq used up-to-date weap-
ons and military equipment, constructed special installa-
tions, employed different troops, organized air bom-
bardment,  carried  out  mining  in  the  vast  areas  that  fa-
cilitated the formation of a dense network of disturbed 
terrain. Those actions were accompanied with fires at 
oil wells and storages that broke out as a result of terror-
ist attacks. During the air attack, apart from military and 
government control systems and air defense systems, 
there were destroyed missile sites, airfields, nuclear and 
chemical centers, oil-producing companies and refiner-
ies, factories, defense industry plants, communications 
nodes. 

On the outskirts of Baghdad a large chemical factory 
and a rocket fuel warehouse were destroyed by bomb-
ing. Anti-Iraqi aviation bombed a petrochemical plant in 
Iraq, a big complex for producing chlorides in the vicin-
ity of Baghdad with a large nuclear waste repository. As 
a lot of oil storage tanks were destroyed, oil got into the 
Gulf. International experts when assessing the effects of 
the bombing stated that the maximum allowable con-
centration of harmful substances was exceeded by more 
than 10 000 times, and the color of water samples taken 
in the refinery area resembled venous blood. Almost all 
of Iraq's bordering countries ascertained that a serious 
environmental damage resulted from oil pollution in the 
Gulf. All this brought about a complex pollution not 
only in Iraq but in neighboring countries as well. 

Application in Iraq of the armor-piercing warheads 
with a core from the so-called "depleted" uranium 
caused radiation and chemical area contamination. In-
ternational experts revealed more than 300 pockets of 
contamination. 

The war in Iraq aggravated the problem of water 
scarcity and its poor quality. The UNEP special report 
devoted to the ecological situation in Iraq after the war 
says that the erosion resulting from the military opera-
tions, as well as redeployment of troops and armored 
vehicles affected the condition of far too poor water 
resources. Experts of the World Health Organization 
(WHO) affirm that during the war at least 1.5 million 

Iraqi inhabitants of the south - the main scene of combat 
operations - had no access to their usual water sources. 
City infrastructure had been almost completely de-
stroyed that negatively affected the sanitary situation. 
Exhausted with dehydration, people had to take the dirty 
water for their household needs from the Tigris and Eu-
phrates, which are the two largest cities, respectively – 
five-million Baghdad and 1, 2–million Basra, that 
brought about the outbreaks of infectious diseases. 

Soil disturbance, oil pollution of surface and ground 
water sources bring about the critical situation of water 
supply in Iraq that raises the problem of developing the 
arrangements to improve the situation. The causes of 
environmental deterioration in Iraq were determined as 
follows: physical destruction of ecosystems, reduction 
in biological productivity and crop yield, change of 
landform, formation of gullies and landslides, deteriora-
tion in physical, chemical and hydrological properties of 
soils, decrease in self-regulating and self- regenerative 
capacity of natural complex elements; deterioration in 
the living conditions, destruction of housing, enterpris-
es, communications, that afterwards required their re-
covery at the expense of intensive exploitation of other 
resources. 

The negative impacts on soil resulting from the mili-
tary actions include: 

– easing, termination of natural soil formation pro-
cesses; 

– destruction (removal, disposal) of natural soils; 
– compression (packing) and violation of the natural 

structure; 
– increased seasonal drying out; 
– reduced water permeability; 
– increased erosion; 
– contamination with toxic substances; 
– availability of anthropogenic waste products 

(shells, fragments); 
– change in acid-alkaline balance of the soil; 
– change in physical and mechanical properties of 

soils. 
The terrain, where the fighting took place, is mainly 

the southern part of the republic, it penetrates deep 
along the river valleys and occupies more than 1/3 of 
the country. The anthropogenic influence on natural 
ecosystems as a result of combat actions can entail the 
significant changes in natural vegetation and disappear-
ance of natural landscapes. Those changes may occur 
both due to direct disturbance and indirectly. Vegetation 
recovery after combat operations goes by way of pro-
gressive reconstructive secondary succession in the di-
rection of disturbed plant communities that previously 
existed there. In case when acute stress is attached to 
chronic, for example, by intensive grazing and soil ero-
sion, the course of succession can completely change 
and bring about the degression of plant communities, or 
the time of succession will significantly increase. 

Reconstructive succession that follows the disturb-
ances caused by combat operations includes several 
stages. In the first stage the disturbed substrate is colo-
nized by annual plants which are replaced by ruderal tall 
perennials which in their turn give place to natural spe-
cies. 

In order to estimate the regenerative succession after 
disturbances resulting from military action, a series of 
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trial sites was laid out on the main types of disturbances: 
bomb craters, fortified areas, dugouts, trenches. The 
analysis has identified 113 species of plants: shrubs – 11 
species, herbaceous plants – 102 species. The registered 
self-healing processes were considered in three axes: the 
scale of anthropogenic impact, the degree of disturb-
ance, the time. The species composition of vegetation 
considerably changed over the three years of observa-
tions. Analysis of the plants as to their biological, eco-
logical, coenotic types showed that annuals dominated 
over perennials and biennials. 

Studying the dynamics of plant communities in the 
disturbed areas, as well as the processes of succession, 
which had been observed for three years, allowed to 
carry out the zoning of the disturbed areas with the help 
of which spatial and temporal changes in functioning of 
plant groups were registered. It has been found that 
plant communities in their development and according 
to the direction of change in species composition under-
go two stages: 1) directional change (trend), 2) periodic 
fluctuations. At the same time, the equilibrium phase 
and the transient state are missing, that reflects the ex-
treme instability in groups. In the specified areas thana-
tocoenoses are commonly observed– dead vegetable 
groups killed as a result of explosions of bombs, shells 
and direct hits. The vegetation of neobiotopes arisen on 
the disturbed sites in extreme conditions is of particular 
interest. Those biotopes include landfills of anthropo-
genic wastes of cartridge cases, ammunition boxes, and 
so on. 

Differences in the landscape, the levels of disturb-
ance, moisture conditions are crucial in forming the 
vegetation, its temporal and spatial variability. Different 
combinations of factors and different environmental 
conditions exerted a direct impact on the formation of 
plant communities in the disturbed areas. 

The conducted researches showed and allowed to 
draw the following conclusions:  

1) stages of syngenesis in the disturbed areas flow 
fairly quickly, vegetation is mainly in the stage of pio-
neer group;  

2) weed-ruderal species of low coenotic value are 
well represented;  

3) assimilation of the disturbed areas with natural 
species is slow;  

4) the presented groups do not ensure self-regulation 
in the disturbed areas;  

5) as a whole, the level of synanthropisation is high, 
except for isolated forest plots. 

The acquired data are necessary for ecological sub-
stantiation of technical and biological revegetation of 
the disturbed areas, organization of the environmental 
arrangements. 

Taking into account the limited potential for the nat-
ural recovery of the nature complex components in the 
disturbed areas, there is a need for their recovery. The 
most effective nature protecting activities in the Iraqi 
disturbed areas are: land improvement, land reclama-
tion, revegetation and optimization. Classification of the 
main methods on environmental protection is performed 
on the basis of differentiation of nature protecting ac-
tivities as to their purpose, as well as the impact on the 

environment. On the basis of the obtained estimates 
with respect to the degree of disturbance, heat and water 
supply, conditions for self-regulation and self-renewal 
formation in natural complexes, we offer the measures 
to restore the disturbed areas. 

To analyze the spatial disturbance of natural land-
scapes we used a density index of the disturbed sites per 
a unit area and the concentration of the types of dis-
turbed sites [6]: 

                  F
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where P – area disturbance index; f – individual ob-
jects in the given aggregate (craters, dugouts, etc.); P – 
site area (terrain area). 

Moreover, we can distinguish undisturbed (<1%), 
slightly disturbed (1–5 %), disturbed (5–25 %), strongly 
disturbed (25–50 %) and over disturbed (> 50 %) areas. 

Erosive processes usually develop in craters, trench-
es, communication trenches and dugouts. The recom-
mended arrangement in over disturbed areas is revegeta-
tion by using biological restoration trends. The primary 
measures for strongly disturbed areas are reclamation 
and land improvement. The distinctive feature of the 
disturbed areas is that military influence was of short 
duration. The most acceptable methods for disturbed 
areas restoration in those districts are improvement and 
soil-conservation.  Slightly disturbed and undisturbed 
areas require improvement with the help of landscaping, 
revegetation and recovery in recreational areas. 

CONCLUSIONS. The research made it possible to 
identify the impacts of combat actions on the environ-
ment and to propose the measures with regard to the 
restoration of the areas damaged in the course of the 
war.  
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Проведен анализ факторов, влияющих на окружающую среду в ходе военных действий. Охарактеризована 

экологическая ситуация, сложившаяся после Иракской войны. Рассмотрены виды нарушенных в ходе войны 
грунтов. Изучение динамики растительных сообществ на нарушенных участках и наблюдаемые в течение трех 
лет сукцессионные процессы позволили провести зонирование нарушенных территорий и предложить меро-
приятия по их восстановлению. 
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