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Abstract 
Landmines and explosive remnants of war (ERW) create serious threats to human safety and the 

environment. Decades of armed conflict have resulted in widespread landmine contamination in 
Iraq, severely affecting ecosystems and land use. The Maidan sub-district in particular remains 
heavily contaminated and requires detailed spatial analysis to assess both the extent and the 
environmental consequences of landmine presence. This study used a GIS-based mapping approach 
to identify and visualize the spatial distribution of contaminated areas in the Maidan sub-district. 
Data provided by the Mine Action Agency (MAA) of the Kurdistan Regional Government (KRG), 
collected using Garmin GPS and Trimble devices, were integrated into ArcGIS Pro for analysis. 
The total contaminated land area (in square meters) was calculated, and mine-affected sites were 
classified into categories to support statistical and spatial interpretation. The findings revealed that 
landmine contamination has significantly degraded local ecosystems by restricting vegetation 
regrowth, fragmenting habitats, and preventing the safe use of land for agriculture, grazing, and 
various forms of human activity. Several previously productive agricultural zones are now unusable 
due to persistent contamination. Furthermore, environmental degradation was observed in the form 
of reduced biodiversity and limited natural land recovery in affected areas. GIS mapping proved 
effective in delineating mined zones, quantifying contaminated land, and visualizing patterns of 
environmental impact. This spatial analysis enables more targeted mine clearance operations and 
supports post-conflict recovery efforts. Ultimately, the study demonstrates how GIS-based 
environmental assessment can inform land-use planning, ecological restoration, and policy 
decision-making in post-conflict regions like Maidan. 

Keywords: Landmines, environmental impacts, GIS, Maidan sub-district. 
 

   پوخته
كی  گهورە لهســهر ســهلامهتی مــرۆڤ و ژیــنگه دروســت  رییــه كاریگه )ERW(مین و پاشماوە تهقینهوەکــانی جهنــگ 

تونــدی  ش به مــه كی زۆر، ئه یــه ڕ̃ژه  وی بــه دەکهن. له ع̄راقدا چهنــدین دەیه شــهڕی چهکــداری بــووە هــۆی مینɇ̃ژیــی زه
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و پ̄ویســتی   ربʥو مینر̃ژكــراوه ی مهیدان به ش̄وەیهکی به سهر ئیکۆسیستهم و كشتوكاڵ. ناحیه  کاریگهریی زۆری كرده
ــۆ ئــه ــژه وه به شــیکاری شــو̃نی ورد ههیه ب ــۆ بكر̃ــت بــۆ ههردوو ڕ̃ و دەرئهنجــامه ژینگهییهکــانی   ی ههʁســهنگاندنی ب

بـــۆ   بهکاره̄نـــاوه GISدا. ئهم تـــو̃ژینهوەیه ڕ̃بـــاز̃کی نهخشهســـازی لهســهر بنهمـــای  كــه ناوچه مـــین له  پیســبون بـــه
ی که  . ئهو داتایانــهیــدان ی مه ناحیــه كــان له مینر̃ژراوه  كانی ناوچــه شــو̃نییه  دەستنیشانکردن و و̃ناكردنی دابهشــبوونه

رگیرابوون، که به بهکاره̄نــانی ئام̄رەکــانی  لهلایهن دەزگای گشتی كاروباری مینی حکوومهتی ههر̃می کوردستانهوە وه
Garmin GPS  وTrimble  کۆکرابوونهوە، له ن̄و سۆفتو̃ریArcGIS Pro  .کــۆی ڕووبهری یهکخــران بــۆ شــیکاری ورد

کــانی مینــیش پــۆل̄ن کــران بــۆ گرووپــی  كرا، و شــو̃نه کارت̄كراوه پ̄وانــه )به مهتــر چوارگۆشــه( كان مینɇ̃ژكراوهزەوییه 
ــاری و شــو̃نی. ده ــدانهوەی ئام ــۆ پشــتگیریکردن له ل̄ک ــاواز ب ــه ره جی ــه وه كانی تو̃ژینه نجام ــه  ك   دەریانخســت که ناوچ

ـــاو  مینɇ̃ژكراوه ـــان به شـــ̄وەیهکی بهرچ به ســـنووردارکردنی دووبـــارە   ی شـــ̄واندووه كـــه ئیکۆسیســـتهمی ناوچهك
ندرووســتی   شكردنی شو̃نی نیشتهج̄بوونی گیانداران و ڕ̃گریکردن له بهکاره̄نان̄كی ته گهشهسهندنی ڕووەکی و دابه

پ̄شــتر كان بۆ کشتوکاڵ و لهوەڕاندن و جــۆرە جیاوازەکــانی چــالاکیی مــرۆڤ. چهنــدین نــاوچهی کشــتوکاʁی که  وییه زه
بهرههمدار بــوون ئ̄ســتا بههــۆی پیســبوونی بهردەوامهوە بهکارنــاه̄نر̃ن. جــگه لهوەش، ت̄کچــوونی ژیــنگه له شــ̄وەی 

كان له نــاوچه  سرووشــتییه  وییــه زه  ی ناوچــه وه كان و سنوورداربوونی زیندبوونه ره وه کهمبوونهوەی جۆراوجۆری زینده
کــاریگهر بــوو له ه̄مــاكردنی نــاوچه مینɇ̃ژکراوەکــان،  GISكاره̄نــانی   بــه  زیانل̄کهوتووەکاندا بهدیکــرا. نهخشهســازیبه

ــیه مینر̃ژكراوه ــاریکردنی زەوی ــوی و دی ــیکارییه  ڕووپ̄ ــان. ئهم ش ــاریگهرییه ژینگهییهک ــ̄وازە ک ــاكردنی ش ــان، و و̃ن ك
نهوەی دوای دات و پشــتگیری له ههوʁهکــانی چــاکبوو كانی مــین ده ی پــاککردنهوە ئامانجــداره تی پرۆســه یارمه  شو̃نییه

كاره̄نانی  بــه نگی دەکات. له کۆتاییــدا، تــو̃ژینهوەکه نیشــانی دەدات که چــۆن ههʁســهنگاندنی ژینگهیــی به ململان̄ی جه
GIS ــانی زەوی، گه ــدانانی بهکاره̄ن ــت پلان ــه دەتوان̄ ــانی دوای  ش ــت له ناوچهک ــاردانی دروس ــۆژی و بɇی پ̄دانی  ئیکۆل

 ڕوو. نگی وەک مهیدان بخاته ململان̄ی جه

 ی مهیدان. ، ناحیهGISكان، کاریگهرییه ژینگهییهکان،  مینɇ̃ژكراوه  شهی سهرەکی: ناوچهو

 
 ملخص البحث

ُشكل الألغام الأرضية ومخلفات الحرب القابلة للانفجار تهديدات خطيرة على ســلامة الإنســان والبيئــة. فــي العــراق،  ت
أدت عقود من النزاع المسلح إلى انتشار واسع النطاق للألغــام الأرضــية، ممــا أثــر بشــدة علــى الــنظم البيئيــة واســتخدام 

ً لتقيــيم مــدى وجــود الأراضي. ولا تزال ناحية الميدان، على وجه الخص ً مفصلا ً مكانيا وص، ملوثة بشدة، وتتطلب تحليلا
الألغام الأرضية وعواقبه البيئية. اعتمدت هذه الدراسة على نهج رسم الخرائط القــائم علــى نظــم المعلومــات الجغرافيــة 

مجت البيانات التي قدم ُ تها وكالة مكافحة الألغــام لتحديد وتصوير التوزيع المكاني للمناطق الملوثة في ناحية الميدان. د
معت باستخدام أجهزة  ُ  ArcGIS Pro، فــي برنــامج Trimbleو Garmin GPSالتابعة لحكومة إقليم كردستان، والتي ج

سب إجمالي مساحة الأرض الملوثة  ُ نفت المواقــع المتضــررة بالألغــام إلــى فئــات لــدعم )بالأمتار المربعة(لتحليلها. ح ُ ، وص
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ني. كشفت النتائج أن تلوث الألغام الأرضية قد أدى إلى تدهور كبير في النظم البيئيــة المحليــة التفسير الإحصائي والمكا
من خلال تقييد نمو النباتات، وتفتيت الموائل، ومنع الاستخدام الآمن للأراضي للزراعة والرعي ومختلف أشكال النشــاط 

ا، غير صالحة للاستخدام بسبب التلــوث المســتمر. البشري. أصبحت العديد من المناطق الزراعية، التي كانت منتجة سا ً بق
علاوة على ذلك، لوحظ تدهور بيئي تمثل في انخفاض التنوع البيولــوجي ومحدوديــة اســتعادة الأراضــي الطبيعيــة فــي 
المناطق المتضررة. وقد أثبتت خرائط نظم المعلومات الجغرافية فعاليتها في تحديد المناطق الملغومة، وتحديد كميــات 

ّن هذا التحليل المكاني من إجراء عمليات إزالة ألغام أكثــر دقــة، ويــدعم الأ مك ُ راضي الملوثة، وتصور أنماط الأثر البيئي. ي
مكن للتقييم البيئــي القــائم علــى نظــم المعلومــات  ُ جهود التعافي بعد الصراع. وفي نهاية المطاف، توضح الدراسة كيف ي

سهم في تخطيط استخدام الأ ُ راضي، والاستعادة البيئية، وصنع القرارات السياساتية في منــاطق مــا بعــد الجغرافية أن ي
 الصراع مثل ميدان.

 الكلمات المفتاحية: الألغام الأرضية، الآثار البيئية، نظم المعلومات الجغرافية، ناحية ميدان.

 
1. Introduction  
Over 100 million buried landmines are thought to have polluted 3,000 km² of land globally 

(Kasban et al., 2010).  Landmines and unexploded ordnance (UXO) are examples of explosive 
remnants of war (ERW), which are among the most deadly and enduring effects of armed conflict.  
Because they limit access to vital resources like water, pastureland, agricultural fields, and forests, 
landmines in mine-affected areas continue to endanger civilian lives and livelihoods.  Beyond their 
direct humanitarian effects, landmines have a significant—yet usually disregarded—impact on 
protecting the environment. The harm or death of wildlife is the most obvious example of this 
influence, but it also affects more general elements of the natural environment, such as soils, water 
systems, and physical landscapes.  These abiotic elements have inherent significance as the 
principal targets for environmental conservation and are necessary for the maintenance of many 
biological processes (Alegría et al., 2017; Kiernan, 2007). 

Landmines not only promote disease but also lead to poverty and starvation.   In Angola, a 
country with rich agricultural land and copious amounts of rainfall, starvation is killing thousands 
of people because of landmines.   Because they fear losing their lives or limbs to landmines, they 
avoid cultivating areas with fertile soils.   Thus, landmines have a greater harmful impact than 
drought and natural calamities, leading able-bodied people to starve even in the face of an 
abundance of fertile soil (Oppong & Kalipeni, 2005). 

Anti-personnel landmines have contaminated large areas in over 60 nations, according to the 
Geneva International Centre for Humanitarian Demining (GICHD) (Popov et al., 2022).  Iraq is 
regarded as one of the nations most severely impacted by landmines worldwide (Iraq, 2023).  The 
Gulf War in 1991, the Iran-Iraq War in 1980–1988, and the U.S.-led invasion in 2003 are the main 
causes of the widespread contamination.  Among the mined sites are minefields along Iraq's borders 
with Iran and Saudi Arabia.   Furthermore, the contamination issue has been worse since 2014 when 
improvised explosive devices (IEDs) began to litter regions that were formerly under the control of 
the Islamic State group (Impact – Iraq, 2025). 
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In post-conflict areas across the world, an estimated 60 million landmines are still buried, 
resulting in about 25,000 fatalities or injuries annually.  People who work on contaminated property 
or are minors make up the majority of the victims.  Many players have started extensive initiatives 
to lessen this disaster through mine clearance, victim aid, and public awareness campaigns, 
including governmental agencies, humanitarian groups, and armed units (Kranitzle, 2000). 

In demining operations, geospatial technologies are becoming more and more important.  Over 
the past 20 years, groups like The HALO Trust have used Global Navigation Satellite Systems 
(GNSS) and Geographic Information Systems (GIS) to improve the accuracy and security of 
explosive ordnance disposal (Speed, 2024).  Prioritising clearance operations requires the use of 
these technologies' high-resolution mapping, data-driven planning, and spatial analytic capabilities. 

This study tackles the pressing issue of widespread landmine contamination in the Sulaymaniyah 
Governorate, Iraq's Maidan sub-district, where decades of armed conflict have severely degraded 
the environment and rendered vast regions unfit for human usage.  There is still a dearth of 
thorough, geographically explicit data to direct efficient demining and ecological restoration 
operations, despite continuous clearing efforts. The primary research issue is the lack of thorough 
mapping and environmental impact assessments of landmine-affected areas, which makes it more 
difficult for decision-makers to set priorities for clearance efforts and create sustainable land use 
plans.  In order to close this gap, the study uses GNSS-gathered field data and GIS-based mapping 
to categorise mine-affected areas, quantify contaminated land area, and assess the environmental 
effects of landmine presence.  

Two hypotheses serve as the foundation for the study: (H1) landmine contamination is spatially 
clustered, with higher concentrations close to areas that were once involved in conflict, like the 
Iranian border; and (H2) areas with higher contamination levels show more environmental 
degradation, such as vegetation loss and altered land use.  Through testing these theories, the study 
aims to show how integrated geospatial technologies might help with ecological recovery, mine 
clearance operations, and sustainable land-use planning in post-conflict environments. 

 

2. Study area and Methodology 
Study area 
The study investigates Maidan sub-district in Khanaqin district at Diyala province of Iraq, as 

indicated in Fig. 1. The Maidan sub-district is an agricultural and semi-mountainous place which 
has a fairly suitable climate. The land is located in the southeastern of Sulaymaniyah city. The land 
is bordered on the north by the Bamo sub-district, on the south by the Qoratoo sub-district, on the 
east by Iran, and on the west by the Sheikh Tawel and Pebaz sub-districts. The Maidan sub-district 
is located between the latitude and longitude of 34.9182 north and 45.6197 west. The area of the 
Maidan sub-district is 556.8 km2 and the population number is 4911 individuals, consisting of 915 
families (Sabir et al 2022). 

After the 1991 Iraqi uprisings, Maidan sub-district is governed by Garmian administration by 
KRG (Khanaqin, n.d.; Sabir et al 2022). A high rate of landmine have been buried in a number of 
villages in the Maidan sub-district by Ba'athist regime in order to hurt and kill the Kurdish villagers. 
As a result, since General Energy have started working in the area, they have continuously tried to 
clean the area for the people, beside their main jobs, in order to ensure that they can live in safety 
and away from any danger (Yarwais 2013). 
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Figure 1. Geographic location of the study area. 
 

2.2 Structure of Landmines 
Three parts make up each landmine: the case, which can be made of metal, wood, plastic, or a 

combination of these materials; the explosive material, which can be Tetryl, mixed RDX/TNT, 
TNT, or other high explosives; and the initiator, which can be an electronic sensor, a pressure 
sensor, or any other type of sensor.  Landmines can be categorized based on their targets or design 
(Kasban et al. 2010). 

 

2. 2.1 Classification According to Design 
Three primary categories can be used to classify landmines based on their design: Blast, 

Bounding (bouncing Betty), or Fragmentation landmines (Abujarad 2007). 
 

2.2.1.1 Blast Landmines 
Blast landmines are often buried at the soil's surface and are set off by handling or disturbing 

them, or by pressure (such as stepping on or driving over them).  For pressure-activated mines to 
detonate, roughly 5–16 kg of pressure is needed.  These landmines' primary objective is to demolish 
whatever is around, such a person's foot or leg.  The intended object is intended to be broken up into 
pieces by a blast landmine, which may result in secondary harm like infection or amputation 
(Abujarad, 2007). 

 

2.2.1.2 Bounding Landmines 
Only a tiny portion of the initiator of these landmines often protrudes from the ground after they 

are buried.  To injure a person's head and chest, the initiator raises the mine approximately one 
meter into the air when it is activated, setting off a propelling charge. (Abujarad 2007). 
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2.2.1.3 Fragmentation Landmines 
These landmines have the ability to shoot fragments in all directions or in a single direction.  At 

closer range, these landmines can kill and injure people up to 200 meters away.  Glass or metal 
particles are utilized in these landmines (Abujarad 2007). 

 
2.2.2 Classification According to Target 
According to the potential target, buried landmines can be divided into two main categories: AT 

and AP landmines (Bhuian et al. 2006).  Table 1 shows how the two main categories differ from 
one another.   In addition to landmines, past battlegrounds may also contain unexploded ordnance 
(UXOs), which are misfired shells or unexploded bombs that remain buried in the ground (Paik et 
al. 2002). 

Table 1. Comparison of Anti-Personnel (AP) and Anti-Tank (AT) Landmines. 
Type  AP landmines AT landmines 
Weight Light (100g-4 kg) Heavy (6kg-11kg) 
Size (diameter) 6-20 cm 20-50 cm 
Target Human Vehicle 
Case material Plastic, metal, wood Plastic, metal 
Operating pressure 500g 120 kg 

 
2.2.2.1 AT Landmines 
AT landmines are usually set on roads or railway tracks and are designed to explode when a big 

car passes over them.   It is possible to activate them with an electrical cord (Lee, C. 2004).   Tanks, 
armoured personnel vehicles, army trucks, and the men inside are all intended to be destroyed.   
There are several types of AT landmines, according to Kasban (2008).  AT landmine examples are 
seen in Figure 2, and their specifications are listed in Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Examples of Anti-Tank (AT) Landmines. 
Table 2. Technical Specifications of Anti-Tank (AT) Landmines. 

Type VS 1.6 M15 M19 TMA4 
Case plastic Metal Plastic Metal 
Explosive material TNT 

RDX 
TNT 
RDX 

TNT 
RDX 

TNT 

Warhead Blast Blast Blast Blast 
Diameter 222 mm 333 mm 450 mm 265 mm 
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Height 92 mm 150 mm 94 mm 110 mm 
Weight 3 kg 14.3 kg 9.5 kg 7 KG 
Operating pressure 1800-220 kg 160-340 kg 120-226kg 100-180 kg 
manufacture Italy US US Yugoslavia 

 
2.2.2.2 AP Landmines 
Tiny explosives known as AP landmines explode when someone steps on or tampers with them.   

Their main military goal is to maim opposing soldiers rather than kill them.   AP landmine 
parameters are listed in Table 3, and multiple examples of them are shown in Fig 3 (Kasban, 2008). 

Figure 3. Examples of Anti-Personnel (AP) Landmines. 
 
Table 3. Technical Specifications of Anti-Personnel (AP) Landmines. 

Type VS 5.0 PMA 3 PMD 6 VAL 69 
Case Plastic Metal Wood Plastic 
Explosive material RDX Tetry TNT RDX+TNT 
Warhead Blast Blast Blast Fragmentation 
Diameter 90 mm 110 mm 220 mm 170 mm 
Height 45 mm 40 mm 65 mm 50 mm 
Weight 430 g 180 g 500 g 420 g 
Operating pressure 10 kg 35 kg 10 kg 10 kg 
Manufacture Italy Yugoslavia USSR Italy 

 
2.3 Data Collection and Mapping 
The investigation's data collection process involved acquiring information from the Kurdistan 

Region Government's Mine Action Agency (MAA) (KRG).  The coordinates go from January 2025 
to more than 20 years ago.  For ten years, the KRG's MAA and a number of landmine organisations, 
including GDMA, UNOPS, SMAC, MAG, GMAC, ASA, PDO, and NPA, worked in the vicinity of 
the research area.  They have located and measured (landmine fields, landmine area, and risks area) 
using Global Navigation Satellite Systems (GNSS). 

Organisations engaged in landmine action have employed a variety of GNSS receivers during 
their operations, including the Trimble Da2 and GARMIN GPS, which are real-time kinematics 
(RTK)-capable devices that connect to Android and iOS devices via a straightforward Bluetooth 
connection.  Additionally, mapping and polygon conversion were done using ArcGIS Pro.  Field-
focused methods that are accurate, scalable, easy to use, and, most importantly, cost-effective have 
been implemented. 

 

3. Results and Discussion 
3.1 Mine Areas and Fields Measurement 
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The region's mined areas, especially the study area, are near the Iranian border because of the 
ongoing hostilities between the two nations.  According to Fig. 4, the majority of the mined areas 
are found in Maidan sub-district's north and east.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Distribution of Landmine Areas around Maidan Sub-District. 
Moreover, the minefields are also close to the boarder of Iran. Most of the minefields are located 

in the north and southeast of Maidan sub-district, as shown in Fig. 5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Distribution of Landmine Fields around Maidan Sub-District. 
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Data coordinates were gathered using Garmin GPS and Trimble DA2 receiver GNSS by the 
MAA of KRG of Iraq, obtaining in January 2025. The authorities did not specify the precise types 
of landmines, although the majority of the landmines found in the research region were anti-
personnel (AP) and anti-tank (AT) landmines, which were meant to maim or kill anyone who came 
into direct contact with them. These mines pose a dual threat: AP mines directly endanger civilians 
and wildlife, while AT mines hinder safe use of agricultural lands and infrastructure development 
(Kasban et al., 2010; Abujarad, 2007). The MAA named the areas into four categories: worked on, 
open, closed, and dangerous. Table 4 presents the four categories of landmine fields, including the 
number of fields and their total area in square meters. In the mined areas, no areas have been 
identified as 'worked-on land' and 'dangerous land'. There are 10 areas of 'open land' covering 
2,481,500, and 64 areas of 'closed land' spanning 12,515.  

On the other hand, in the minefield, there is only one area classified as 'worked-on land' with a 
total area of 18,686. There are 36 areas of 'open land' covering 1,885,503, and 44 areas of 'closed 
land' spanning 1,589,427. Additionally, there is one area that has been identified as 'dangerous land’ 
with a total area of 1,500. Across the area, there is only one section classified as 'worked-on land,' 
covering a total of 18,686. Additionally, 46 areas are designated as 'open land,' spanning 4,367,003, 
while 108 areas fall under 'closed land,' covering 1,601,942. There is also one 'dangerous land' area, 
measuring 1,500. 

Table 4. Area Measurements of Landmine area and landmine fields. 
 Worked on Open Closed Dangerous 

N. 
Fields 

Area 
Field/m2 

N. 
Fields 

Area 
Field/m2 

N. 
Fields 

Area 
Field/m2 

N. 
Fields 

Area 
Field/m2 

Mined areas 0 0 10 2,481,500 64 12,515 0 0 
Minefields 1 18,686 36 1,885,503 44 1,589,427 1 1,500 
Total 1 18,686 46 4,367003 108 1,601,942 1 1,500 
 
The results of this study highlight how landmine contamination in the Maidan sub-district, 

especially in regions close to the Iranian border, has serious negative effects on the ecosystem.  
According to GIS-based mapping, the sub-district's northern and eastern regions have a 
disproportionately high concentration of mined zones, with larger areas of land still being 
categorised as ‘closed’ or ‘open.’  These places continue to be dangerous not only for human safety 
but also for the sustainability of local land use and the ecosystem.  

The entire area that is designated as ‘closed land’—roughly 15,012,846 m²—reflects the degree 
of environmental inaccessibility and ecosystem disturbance.  There are indications of vegetation 
loss, soil deterioration, and stalled natural succession in these areas, which are frequently 
abandoned or left in a degraded state.  Particularly in formerly farmed or semi-wild areas, the 
ongoing contamination has hindered natural regeneration, decreased biodiversity, and fragmented 
ecosystems. 

Moreover, the discovery of ‘worked-on land’ (about 4,317,096 m2) and its negligible percentage 
of the entire polluted region indicate the extent of recovery that is still to be accomplished.  Large 
areas of the sub-district are still ecologically stagnant or unfit for grazing, agriculture, or forest 
regrowth, despite modest progress in removal.  Even though it is just 1,500 m² in size, one 
‘dangerous land’ zone serves as an example of the erratic dangers provided by unexploded 
ordnance, which further delays the regeneration of the surrounding ecosystem. 
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The ramifications from the standpoint of environmental management are significant.  According 
to research by Kiernan (2007) and Oppong and Kalipeni (2005), landmine contamination has 
severely harmed local ecosystems by limiting the regrowth of vegetation (Hamad et al., 2018), 
causing habitat fragmentation (New Spotlight Magazine, 2025; Military Dispatches, n.d.), and 
making it unsafe to use land for grazing, agriculture, and other human activities (NCT CBNW, 
n.d.).  Persistent contamination has rendered certain formerly profitable agricultural zones useless 
(Hamad et al., 2018). Additionally, in impacted areas, landmine explosions have resulted in soil and 
water contamination, the loss of flora and fauna, and impeded ecosystem restoration, resulting in 
decreased biodiversity and limited natural land recovery (Human Rights Watch, 2000; Military 
Missions, n.d.).  These effects exacerbate rural livelihood instability and fuel long-term land 
degradation. 

Quantifying these effects and offering a spatially explicit knowledge of the contamination 
required the integration of GNSS and GIS technology.  Environmental planning is supported and 
humanitarian demining situational awareness is improved by the capacity to precisely map and 
classify mined areas.  Future studies can predict habitat fragmentation, track landscape changes 
over time, and evaluate vegetation recovery by superimposing ecological or land use data across 
contaminated zones. 

These findings highlight the necessity of consistent funding for environmental restoration as well 
as demining.  To expedite post-conflict land rehabilitation, ecologically vulnerable or agriculturally 
valuable zones should be given priority in strategic clearance activities.  To further improve 
knowledge of the long-term environmental impact of landmines, GIS-based environmental 
evaluations should be expanded to incorporate indicators generated from remote sensing (such as 
NDVI and LULC change).  In post-conflict areas like Maidan, the study demonstrated how GIS-
based mapping can highlight the complex environmental effects of landmine exposure and provide 
a basis for more comprehensive recovery plans. 

 

4. Conclusion 
This study shows how well GIS and GNSS technology can be combined to map and analyze the 

Maidan sub-district's landmine contamination. The geospatial technique made it possible to 
accurately calculate the amount of contaminated land, visualize mined areas in detail, and classify 
the land into useful categories like ‘closed,’ ‘open,’ ‘worked-on,’ and ‘dangerous.’ These divisions 
provide important information about the state of demining activities now and indicate areas of 
priority for upcoming clearing operations. 

Beyond the technical mapping, the study shows that landmine exposure has serious negative 
effects on the environment.  Critical implications include fragmentation of habitat, limited 
vegetation recovery, and agricultural land abandonment.  These results highlight the fact that 
landmine contamination is a serious environmental problem that disturbs local ecosystems and 
impedes land recovery in areas that have experienced conflict, in addition to being a humanitarian 
and safety concern. 

The spatial data and maps that are produced are crucial decision-support resources for 
politicians, environmental planners, and mining action authorities.  To achieve humanitarian 
demining requirements, such those specified in the International Mine Action requirements (IMAS), 
they need be complemented with ground verification and cutting-edge detection technology, even 
though they improve operating efficiency and help prioritise clearance. 
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In the future, it is advised to incorporate remote sensing methods like vegetation indices (such 
the NDVI) and land cover change detection to enhance environmental analysis.  Informed recovery 
plans, sustainable land use planning, and ecological restoration will all benefit from this.  
Ultimately, in areas like Maidan, where the effects of conflict continue to influence environmental 
and human security, GIS-based environmental assessment offers a strong foundation for addressing 
the long-term effects of landmine contamination. 

Author Contributions 
The study was conceived by the corresponding author, who also developed all of the figures and 

acquired data from the Kurdistan Regional Government (KRG) of Iraq's Mine Action Agency 
(MAA).  The second author helped by making the tables and offering recommended sources.  The 
third author was in charge of translating the Kurdish references and proofreading the work. 

Acknowledgements 
The data for the Maidan sub-districts were gained from the Directorate General of Garmian 

Mines Affairs. Their support and contribution are greatly appreciated. 
Declarations 
The authors declare that no funding was received for the conduct of this study. 
Competing Interests  
The authors declare no competing interests. 
 
References 
1. Abujarad, F. (2007) Ground penetrating radar signal processing for landmine detection, M. 

Sc. Thesis, University of Magdeburg. 
2. Alegria AC, Zimanyi E, Cornelis J, Sahli H (2017) Hazard mapping of landmines and ERW 

using Geo-Spatial techniques. J Remote Sensing & GIS 6: 197. https://doi.org/10.4172/2469-
4134.1000197 

3. Bhuiyan, A., & Nath, B. (2006). Antipersonnel landmine detection based on GPR and IR 
Imaging: A review, technical report, computer science and software engineering. University of 
Melbourne ePrints Repository (UMER). 

4. Garmian Administration (2025). Garmiyan.com. 
https://garmiyan.com/Yakaidariyakan.aspx?jimare=13 

5. Hamad, R., Kolo, K., & Balzter, H. (2018). Land cover changes induced by demining 
operations in Halgurd-Sakran National Park in the Kurdistan Region of Iraq. Sustainability, 10(7), 
2422. https://doi.org/10.3390/su10072422 

6. Human Rights Watch. (2000). Landmine monitor report 2000 – Environmental aspects. 
https://www.hrw.org/reports/2000/landmines/LMWeb-54.htm 

7. Impact – Iraq (2025). The-Monitor.org. http://the-monitor.org/country-
profile/iraq/impact?year=2023 

8. Iraq | MAG. (2023). Maginternational.org. https://www.maginternational.org/what-we-
do/where-we-work/iraq/ 

9. Kasban, H. (2008). Detection of buried objects using acoustic waves, M. Sc. Thesis, Faculty 
of Electronic Engineering, Menoufia University. 



 | 730 

.univsul.edu.iqhsj 

JSH p-ISSN: 1813-0852, e-ISSN: 2617-3034 

 کانییهتیهاۆڤمر هزانست -ییمان̄سل یارۆڤگ

10. Kasban, H., Zahran, O., Elaraby, S. M., El-Kordy, M., & Abd El-Samie, F. E. (2010). A 
comparative study of landmine detection techniques. Sensing and Imaging: An International 
Journal, 11(3), 89–112. https://doi.org/10.1007/s11220-010-0054-x 

11. Kasban, H., Zahran, O., Elaraby, S. M., El-Kordy, M., & Abd El-Samie, F. E. (2010) A 
Comparative Study of Landmine Detection Techniques. Sensing and Imaging: An International 
Journal, 11(3), 89–112. https://doi.org/10.1007/s11220-010-0054-x 

12. Kiernan, K (2007). Landmines, Landscape Degradation and 'Proportionality'. University of 
Tasmania. Journal contribution. https://hdl.handle.net/102.100.100/588988 

13. Kraenzle, H. (2000). GIS and Spatial Databases for Land Mine Mapping. In: Buchroithner, 
M.F. (eds) Remote Sensing for Environmental Data in Albania: A Strategy for Integrated 
Management. NATO Science Series, vol 72. Springer, Dordrecht. https://doi.org/10.1007/978-94-
011-4357-8_15 

14. Lee, C. P. (2004). Landmine detection techniques using multiple sensors, M. Sc. Thesis, 
Electrical and Computer Engineering the University of Tennessee at Knoxville. 

15. Military Dispatches. (n.d.). Understanding landmines and their impact on global security. 
https://militarydispatches.com/landmines-and-their-impact 

16. Military Missions. (n.d.). Global statistics on landmines: A comprehensive overview. 
https://militarymissions.blog/global-statistics-on-landmines 

17. NCT CBNW. (n.d.). The lasting effect of landmines. https://nct-cbnw.com/the-lasting-effect-
of-landmines 

18. New Spotlight Magazine. (2025, May 4). Buried dangers, lasting impact: How landmines 
erode peace, stifle recovery, and endanger communities’ wellbeing. 
https://www.spotlightnepal.com/2025/05/04/buried-dangers-lasting-impact-how-landmines-erode-
peace-stifle-recovery-and-endanger-communities-wellbeing 

19. Oppong, J. R., & Kalipeni, E. (2005). The Geography of Landmines and Implications for 
Health and Disease in Africa: A Political Ecology Approach. Africa Today, 52(1), 3–25. 
https://doi.org/10.1353/at.2005.0061 

20. Paik, J., Lee, C. P., & Abidi, M. A. (2002). Image processing based landmine detection 
techniques: A 

21. Popov, M., Stankevich, S., Mosov, S., Titarenko, O., Dugin, S., Golubov, S., & Andreiev, 
A. (2022). Method for minefields mapping by imagery from unmanned aerial vehicle. Advances in 
Military Technology, 17(2), 211-229. https://doi.org/10.3849/aimt.01722 

22. review. International Journal of Subsurface Sensing Technologies and Applications, 3(3), 
153–202. 

23. Sabir, S. S., & Muhammed, P. A. (2022) The geographical distribution of moving processes 
and their impact on human settlements in the Maidan area . Journal of University of Garmian, 9(4). 
https://doi.org/10.24271/garmian.22090429 

24. Speed, V. (2024, May 24). Boosting Land Mine Clearance with Field-Focused Workflows. 
Esri. https://www.esri.com/about/newsroom/arcuser/halo-trust 

25. Yarwais, S (2013) Garmian will be cleaned from landmines. PUKMEDIA. 
https://www.pukmedia.com/KS/details/?Jimare=21162 

 
 



731 |   

jsh.univsul.edu.iq 

JSH p-ISSN: 1813-0852, e-ISSN: 2617-3034 

 کانییهتیهاۆڤمر هزانست -ییمان̄سل یارۆڤگ

 
 
 
 
 
 
 
 


