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Abstract 
 

The study area is considered a mountainous environment with climatic characteristics that 

suit the nature of this study. It is located in the northern part of the Kurdistan Region of 

Iraq, and it is part of a complex mountainous region according to the physiographic 

division of the surface of Iraq. On the other hand, it’s one of the most significant in terms 

of snow cover region in winter and spring season. No study has been done on this subject 

in the study area. In this study, Landsat data and geographic information system (GIS) 

techniques were used to analyze the duration of snow cover. After apply these 

technologies, snow cover duration maps (SCDM) for the duration (1989 – 1990) and (2022 

– 2023) were extracted and analyzed. The maps show how long snow remains in each cell 

during these periods. This study suggested that there is an effect of terrain on snow cover 

duration, and this is due to the increase in air temperature. 

Keyword: snow cover duration (SCD), Normalized Difference Snow Index, Gare 

Mountain, remote sensing, geographic information system. 

. 

 

 

 
 المستخلص 

مناطق التي تبقى فيها الثلوج  ال كونها منمنطقة الدراسة بيئة جبلية ذات خصائص مناخية تناسب طبيعة الدراسة،    تعد
  تقع . و المناسبة  منطقة الدراسة لتوفر الخصائص المناخية والموقعية ك  كارةجبل    وتم اختيارفصل الربيع.  أواخر    حتى

العراق،  ضمن  المنطقة   كوردستان  اقليم  من  الشمالي  منالجزء  جزء  التقسيم    وهي  حسب  المعقد  الجبلي  النطاق 
م بيانات الاستشعار عن بعد  ااستخدتم   ، عدم وجود دراسة مشابهة عن المنطقةفضلا عن  الفيزيوغرافي لسطح العراق.  

وتبعا للنتائج والتي تشمل خرائط وجداول التي تمثل   الدراسة،وتقنيات نظم المعلومات الجغرافية للوصل الى اهداف  
(، وحساب الغطاء الثلجي لكل خليلة من خلايا الصور،  2023  /  2022( و ) 1989  /  1990ة ) مد منطقة الدراسة لل

تقل مدة بقائها في المناطق المنخفضة  ، اذ  وتبينت ان مدة بقاء الثلج تتباين بتباين الارتفاع عن مستوى سطح البحر
 بسبب زيادة درجات الحرارة والعكس صحيح بالنسبة للمناطق التي تزداد ارتفاعها عن مستوى سطح البحر.

 
الاستشعار عن بعد، نظم المعلومات  ،  كاره : خريطة مدة غطاء الثلجي، مؤشر اختلاف الثلجي، جبل  كلمات الدالة 

 الجغرافية 
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Introduction: 

Snow cover is a globally Important climate-forcing (Hansen and 

Nazarenko, 2004) due to it influencing the partitioning of the 

surface radiation, energy, and hydrologic budgets. One of the most 

important sources of fresh water worldwide is melting snow, 

which is used by up to two billion people (Mankin et al., 2015). 

Snow cover areas have decreased, and dramatic shifts in water 

availability are projected over the next fifteen years because of 

climate (Dery and Brown 2007; Vaughan et al. 2013; Wegmann et 

al., 2017). Low-snow areas resulting from the melting process tend 

to increase regional warming (Armstrong and Brun, 2008; 

Vaughan, et al., 2013). Thus, this causes the major impacts on 

humans and the natural environment. 

Recently, a huge of satellite imagery has been used to observe and 

obtain snow data such as snow cover mapping and snow water 

corresponding to snowmelt runoff expectation in real-time (e.g., 

Kaufmann et al., 2002; Poon and Valeo, 2006; Cea et al., 2007; 

Chokmani et al., 2010; Dobreva and Klein, 2011; Gascoin et al., 

2019 among others). Brander et al. (2000) extract snow cover 

duration maps using a limited number of Landsat-TM imagery. 

Cea and Pons (2007) applied two methods to derived snow cover 

using Landsat-7 ETM+ and Landsat-5 TM images, and 

(MOD10A1) to acquire daily Snow Cover, between 2002 and 

2005. Both methodologies emanate from an NDSI threshold > 0.4. 

14. (Iliyana Dancheva (2011) stated that the applicability of 

Artificial Neural Networks (ANN) to obtain snow-cover maps by 

testing Landsat Enhanced Thematic Mapper Plus (ETM+) scenes 

within North America highly recommended differentiating 

between land covers in which it is assumed a typical of the snow-
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covered portions of the Northern Hemisphere. (Gascoin et al, 

(2019) assemble an algorithm to extract snow cover maps in Theia, 

using Sentinel-2 at 20m resolution and Landsat-8 at 30m 

resolution.  

The aims of this research: (1) extract snow cover duration map 

(SCDM) for two seasons (1989/1990) and (2022/2023). (2) 

Analysis of the effect of elevation and aspect on duration of snow 

cover in the study region. 

Methodology 

Data 

Satellite data 

Landsat, and Sentinel-2 images were used in this study to monitor 

the duration of snow cover in Gare Mountain chain. These data are 

summarized in table 1. 

 

Properties 

Satellite Image 

Landsat Sentinel 

Sensor 
Operational land imagery (OLI) 

Thematic mapper (TM) 
Sentinel 2 

Temporal 

resolution 

2 image per month from October 1,1989 to May 30, 

1990 and from October 1,2022 to May 30,2023 

Spatial 

resolution 
30m 10 & 20m 

Time 

acquisition 
1989 – 1990 and 2022 - 2023 

Table 1: Data information used to study the duration of snow 

cover in the study area 
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Study area 

The Gare Mountain is located in the northern part in Dohuk 

governorate of the Iraqi Kurdistan region, stretching from 43  ْ  23  ْ  

62  ْ  E to 43    81    85    E and from 36    88    27    N to 37    05    36    N. 

Gare Mountain has an elevation of more than 1500m. This region 

receives tremendous precipitation in winter. Generally, in the form 

of snow which makes the Gare Mountain chain one of the most 

significant winter snow cover regions in Iraq see figure (1).  

 
Figure 1: Study area map 
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Method  

The snow cover area has been extracted from the Normalized 

Difference Snow Index (NDSI). Snow cover normally reflects 

high electromagnetic radiation in a red band with a scarce 

reflectance in the shortwave infrared part of the spectrum. To 

extract the NDSI model, Landsat image band 2 is ranged between 

(0.53 – 0.61 µm) and band 5 (1.55 – 1.75µm). while, sentinel band 

3 take the mean of band 2 from Landsat which is (0.56 µm) as well 

the mean of band 11 from the range of band 5 in Landsat is (1.61 

µm) were used. The formula of extracting NDSI show as follow:  

NDSI(Landsat)= (TM (band2) + TM (band5))/ (TM (band2) - TM (band5)) ……. 

(1) 

NDSI(Landsat)= (OLI (band3) + OLI (band6))/ (OLI (band3) - OLI (band6)) ……. 

(2) 

NDSI(Sentinel)= (band 3 + band 11)/ (band 3 – band 11) ……. (3) 

The NDSI nature is based on the fact that snow cover reflects most 

of the visible wavelengths which are very bright in the image and 

very dark in the shortwave infrared. NDSI model ranges from -1 

to 1 with snow typically having an NDSI of above 0.4 which 

highlights snow-covered areas. This model makes remote sensing 

in the visual part of the electromagnetic spectrum very effective 

for the detection and mapping of snow cover (Hall et al., 2001). 

Using ArcGIS software to convert NDSI raster to snow cover 

duration map by using two steps. Firstly, use the reclassify 

analysis tool to reclassify the NDSI raster. Secondly, apply the 

raster to the polygon tool to convert the raster to a vector and make 

it ready to calculate the process. The flowchart of the complete 

processing chain is given in figure2. 
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Figure 2: Flow chart of the data processing and snow cover 

duration map extraction 

Result and discussion  

Snow cover duration 

The two sessions of snow cover duration from satellite images in 

Gara mountain indicate the variability of duration of the snow 

cover period (2 and 3). Those figures illustrates that the duration 

of snow cover decreases between the session (1989/1990) and 

(2022/ 2023), the maximum snow cover duration of more than 

(120) days found by (8.8) kilometers square which is taken place 

in winter season of 1989 - 1990, while the minimum snow cover 

duration was seen in winter 2022 - 2023. 

As shown in the table (2), the majority of the study area is covered 

by snow for less than 20 days, while there are limited places 

covered by snow for more than 100 days for both seasons. It also 
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shows that the duration of snow cover is greater in the first season, 

whereas in the season (1989 - 1990) there is about 8.8 km2 of snow 

cover in the study area remaining for more than 120 days. While 

in the season (2022 - 2023), the duration and area of snow cover 

decreases compared to the first season. Therefore, in this season, 

except for 7.3 km2 of snow cover, it remains for more than 100 

days. 

 
Figure 3: duration map of snow cover (1989 - 1990) 

 
Figure 4: duration map of snow cover (2022 - 2023). 
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Snow cover duration 

(1989 - 1990) 

Area 

(KM2) 

Snow cover duration 

(2022 - 2023) 

Area 

(KM2) 

More than 120 days 8.8 More than 100 days 7.3 

60 – 80 days 113.8 50 – 70 days 75.3 

20 – 40 days 239.6 25 – 40 days 163.7 

Less than 20 days 350 Less than 20 days 304.5 

Table 2: Area (KM2) of snow cover duration 

 

Relationship between SCD and Elevation 

It is known that air temperatures drop by one degree whenever we 

rise 150 meters above sea level, this affects the duration of snow 

cover and its distribution between different altitudes. Therefore, 

the maximum snow cover duration was observed at high altitudes 

in the study area (Figure 4). Whereas, the duration of snow cover 

decreases in low-altitude areas. In other words, there is a positive 

relationship between snow cover and high altitude and vice versa 

(Figure 5, 6).  

As can be observed from Figure (5), the higher of temperature 

degree the less snow cover duration. The duration period of snow 

increases to more than (120) days when the temperature is equal 

to (-24) C0, especially in the high altitude of the study area. 

However, the snow duration period is reduced to less than 20 days 

when the temperature is equal to (7.8) Celsius degrees. 
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Figure 4: Duration of snow cover by the elevation

 
Figure 5: Land surface temperature model in the study 

region 
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Relationship between SCD and Aspect 

The effect of slope direction on the duration of snow cover 

depends on the amount of solar radiation received. The southern 

directions receive a larger amount of solar radiation compared to 

the northern directions. As noticed in Figures (6 and 7), the 

maximum snow cover duration was detected in the northern 

direction of the slope. However, the minimum snow cover 

duration was found in the Southern direction of the slope in study 

area. 

 
Figure 6: snow cover duration by direction of the slope 
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Figur 7: Snow cover duration depends on the direction of the 

slope 

As shown in Table (3), the biggest area of the first and second 

snow cover durations is taking place in the north slope direction 

by more than (120) days and more than (100 ) days respectively. 

The first duration cover nearly (6) Km2 out of (8.8) km2. In 

contrast, the second duration area is (5.1) km2 of the total area of 

(7.3) km2. Generally, the snow duration shorten in other slop 

directions from northern directions to others. For instance, no 

covered area by snow found in south direction in the first duration 

with small area (0.88) km2 in the east direction during the second 

period. 
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Aspect 

Snow cover duration 2000_2001 Snow cover duration 2019-2020 

More 

than 

120 

days 

60 -80 

days 

20-40 

days 

Less 

than 20 

days 

More 

than 

100 

days 

50-70 

days 

25 -40 

days 

Less 

than 

20 

days 

North 6 42 41.2 19.83 5.1 29.54 34.74 46.93 

Northeast 1 24.7 28.7 15.9 1.2 17.64 25.33 30.92 

East 0.04 6.27 18.32 16.54 0.2 5.04 12.86 25.45 

Southeast 0 3.76 23.86 26.26 0.17 2.52 13.53 37.96 

South 0 7.57 48.2 40.45 0.12 3.72 27.4 62 

Southwest 0 7 36.35 29.26 0.15 2.97 21 46.94 

West 0 6 20 15.57 0.12 2.96 12.31 26.23 

northwest 0.8 16.53 22.5 12 0.24 10.87 16.34 26.48 

Total 7.8 113.83 239.13 175.81 7.3 75 164 303 

Table 3: Duration of snow cover (areas / KM2) by the slope 

directions 

Conclusion 

the Landsat and sentinel-2 data play an enormous role in 

determining spatiotemporal snow cover areas. Satellite data in 

combination with traditional ground observations and other 

remotely sensed data, such as NOAA, AVHRR, could be used for 

time series analysis of snow cover area. 

The results of the study show that there is a significant change in 

the duration of snow cover between the two seasons (1989 - 1990, 

2022 - 2023). The results also showed that the duration of the snow 

cover remained more than 120 days in the winter of 1989 - 1990. 

While, in Winter (2022 - 2023) the duration decreased to more 

than 100 days. In addition, there is a positive relationship between 

the duration of snow cover and high altitudes. Therefore, snow 

cover remains in a northern direction for a longer time compared 

to other directions. 
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