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Abstract: The land cover study conducted in the Lake Hamrin area of Diyala Governorate, Iraq, significantly contributes to our understanding of environmental changes and their implications for the region's ecological equilibrium. This research utilized three satellite images from 2019, 2022, and 2024, with approximately two-year intervals between each assessment. The images were acquired via the Landsat 8 and 9 OLI satellite data provided by the United States Geological Survey (USGS). The study focused on the area within the path 168 and row 36, and the data analysis was performed using ENVI version 5.3. In this study, training samples were systematically collected to identify various land cover components, with field visits conducted to enhance the reliability of our findings. We assessed the ability to distinguish between subclasses using the Jeffreys-Matusita scale. Notably, the lowest value recorded across all studied years was 1.93, highlighting the presence of spectral overlaps that may have influenced the accuracy of the spatial analysis. The maximum likelihood algorithm was employed to conduct a comprehensive land cover analysis, specifically focusing on changes in water mass attributed to environmental and political factors. The overall classification accuracy was calculated using the maximum likelihood method to assess whether lake water mass area alterations significantly impacted other land cover classes. Certain classes exhibited limited stability due to various environmental and human influences, while others were affected by spectral interference and diminished spatial accuracy. The study thoroughly analyzed changes in land cover components and their effects on the ecological balance of the region, specifically regarding alterations in the lake's water mass. The findings revealed significant variations in the area of water bodies over the selected time frame, along with fluctuations in water levels. These changes have notably impacted various taxonomic classes within the region, emphasizing the interconnectedness of these environmental factors.
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INTRODUCTION
     Human activities have caused the Earth to undergo profound environmental changes over the past few centuries. These transformations have significantly affected land cover and use, resulting in wide-ranging impacts on the planet's landscape [1]. The advancements in technology, coupled with the introduction of machinery during the Industrial Revolution, significantly accelerated changes that profoundly impacted global ecosystems [2] [3]. The discourse surrounding the relationship between population growth and the availability of natural resources has a rich history that spans over two centuries. This discussion was notably advanced by Thomas Malthus in 1798 when he introduced a theory predicting that population growth would outpace the land's capacity to produce essential resources [4].
     In the latter half of the twentieth century, the concerns associated with the Malthusian projection gained prominence as climate change, epidemics, and political conflicts began to disrupt ecosystems across various regions. It became increasingly clear that humanity's demands on natural resources had reached critical levels [5] [6] [7].
     Lake Hamrin, situated in northeastern Iraq, is recognized as one of the region's most significant artificial bodies of water. It was established in 1981 following the construction of the Hamrin Dam [8].
The dam was designed primarily to manage flood risks, provide essential irrigation water, and generate hydroelectric power. As a result, the lake plays a crucial role in supporting both the ecological balance and the region's economic stability [9].
     Over the decades, the lake has emerged as a critical indicator of the health of the surrounding environment. The fluctuations in its water levels provide insight into the broader impacts on agricultural land, vegetation, and biodiversity. However, significant water level variations, influenced by environmental and human factors, have substantially altered the adjacent land and land cover [10].
Remote sensing is essential for providing an in-depth analysis of spatial changes in land use and land cover over defined time intervals. This technology enhances our understanding of environmental dynamics and supports informed decision-making [11], Land use encompasses the various ways humans utilize land resources for multiple purposes, including food production, shelter, recreation, and the extraction of raw materials. This utilization is significantly influenced by the land's inherent biophysical properties. Unfortunately, ecosystems face increasing threats from organic and chemical pollution from agricultural and industrial activities. This situation has led to concerning levels of degradation of our natural resources [12].
In developing countries, the growing population and the drive to optimize production from limited resources significantly contribute to environmental degradation, adversely impacting land cover [13]  [14]  [15] [16]  [17] [18] [19].
     Changes in land use and land cover (LULC) represent one of the most critical environmental challenges facing the global community in the 21st century. Addressing these changes is essential for sustainable development and the protection of our ecosystems [20] [21], Land use assessment and monitoring changes are integral to the development, planning, and management of urban areas and associated projects. To this end, many countries implement distinct strategies to regulate environmental resource use by analyzing land use and land cover (LULC) patterns. A comprehensive study and evaluation of the changes linked to urbanization are essential for understanding the role of cities as catalysts for regional development. [22] [23] [24].
Assessing current land use and analyzing its temporal changes is a fundamental and strategic approach for urban planners, decision-makers, and natural resource managers. Remote sensing technologies are crucial in facilitating the detection and analysis of these changes, considering their dynamic characteristics. These technologies are essential for effective planning in sustainable urban development [25] [21] [26]
     Accurate data derived from remote sensing techniques holds significant value in urban environments. It enhances effective planning and management while providing a robust tool for analyzing urban area land use patterns and changes. Recent advancements in remote sensing methods and technologies present increasing opportunities for precisely detecting and monitoring these changes [27] [28].
     The following is a review of significant prior studies conducted in this field:
-Zainab Hussein (2020). This study examined the city of Baghdad from 1986 to 2019, revealing profound changes in land cover driven by a combination of environmental and human factors. The research indicated a significant decline in natural areas, which have been mainly supplanted by agricultural land use. Additionally, numerous public parks have been lost due to an escalating housing crisis, further intensified by exceptional climatic conditions. These alterations have notably impacted the landscape, particularly as substantial areas have been modified due to increased rainfall and natural vegetation changes observed in 2019. This highlights the direct effects of climate factors on Baghdad's urban environment [29] [30].
     Ahmed Bahjat (2022). This study focused on Lake Hamrin in Iraq, employing remote sensing techniques to assess surface area and water temperature from October 2019 through September 2020. The analysis found that the maximum surface area was recorded in October (264,617 km²), while the minimum occurred in September (140,202 km²). Furthermore, the highest water temperature was observed in June (45.49°C), and the lowest in February (3.09°C). These results provide essential insights for decision-makers in the sustainable management of water resources [31].
     Abdul Jassim (2024). This study utilized Landsat satellite imagery from 2014 to 2022 to assess changes in land cover within the Kirkuk region. Two classification techniques were employed to conduct this analysis: Maximum Likelihood Classification (MLC) and Neural Network Classification (NN). The findings revealed that the accuracy of the MLC classification surpassed that of the NN classification. Notably, there was a significant increase in both agricultural and urban land areas in Kirkuk, while the extent of bare land and soil experienced a decline. These changes are primarily attributed to economic and population growth factors. The insights gained from this research can support urban planners in promoting sustainable development and safeguarding rural areas from uncontrolled expansion [32].
     Mohammad Amin et al. (2025). Lake Hamrin in Iraq is facing severe drought due to climate change and human activities. The study indicated a substantial decrease in the lake's area, from 220.42 km² in 2004 to 35.28 km² in 2009, and a recovery to 306.11 km² by 2019. These variations are mainly due to diminished rainfall and modifications within river systems, highlighting the urgent need for measures to prevent the complete desiccation of the lake [33]. 
     This study aims to identify and monitor changes in land cover within the Lake Hamrin region and its surrounding areas and analyze the effects of fluctuations in water levels on land cover. A comprehensive understanding of these changes is vital for evaluating environmental and economic impacts. This information will be instrumental in helping urban planners promote sustainable development and safeguard rural areas from uncontrolled expansion.

STUDY AREA
     Lake Hamrin is an engineering marvel that bridges humanity and nature. Lake Hamrin is an artificial reservoir formed by the construction of the Hamrin Dam, located in the Diyala Governorate, approximately 50 kilometers northeast of Baqubah. The accompanying geographical maps (Figure 1) delineate the precise location of the lake and its surrounding areas, situated between longitudes 44° 53′ 26.16" - 45° 07′ 28.03" north and latitudes 34° 04′ 24.75" - 34° 19′ 12.74" east. This remarkable site exemplifies the harmonious coexistence of natural beauty and human ingenuity in engineering [33].
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Figure 1a,b,c: The Geographic Location of Hamrin Lake within the Diyala Governorate, Iraq. "EPSG:4326-WGS84"

The Hamrin Dam, located at the confluence of the Hamrin Hills and the Diyala River, represents a significant engineering achievement in Iraq. It is the first earthen dam characterized by a solid clay core. Spanning 3,336 meters in length and rising to 40 meters, the dam features a 70-meter-wide spillway with five gates capable of managing a water discharge of up to 4,000 cubic meters per second. In addition to its primary water storage function, the dam integrates a power generation station, serving as a vital resource for sustainable development in the region [34].
     The Hamrin Dam was constructed from 1976 to 1981 and officially commenced operations in 1981. This impressive infrastructure spans the Diyala River, which is recognized as one of the most significant tributaries of the Tigris River. The dam represents a pivotal advancement in Iraq's water resource management field.
     Lake Hamrin is a noteworthy example of the harmonious interaction between nature and human innovation. It exemplifies a model for balancing developmental needs and environmental stewardship [35].
     The area surrounding Lake Hamrin is distinguished by its remarkable plant diversity, supported by favorable climatic conditions and fertile soils. This rich environment fosters the growth of various plant species, broadly categorized into three groups: aquatic, wild, and agricultural plants. Below is a detailed overview of the flora found in the Lake Hamrin region:
     Aquatic plants are integral to the lake's ecosystem, as they stabilize the soil and provide vital habitats for aquatic organisms. Among the most significant of these plants are:
     Reeds, which grow abundantly along the lake's edges and play a vital role in water purification.
     Water lilies, which contribute to the area's aesthetic appeal.
     Additionally, a diverse range of wild plant species thrives in this region, further enhancing its ecological richness [36].
     The region features a diverse array of herbs and shrubs well-suited to the semi-arid climate, including species such as wormwood and sage [37], along with crops like wheat, barley, vegetables, and fruits, and pastoral plants that contribute significantly to livestock farming must also be acknowledged [38] [39].
     The Hamrin Lake area is distinguished by its urban diversity, which reflects the economic and social development occurring within the region [40]. This urbanization encompasses residential neighborhoods, essential infrastructure, and various industrial facilities, including gravel quarries and brick manufacturing plants [41] [42].
     Lake Hamrin is recognized as a significant water body in Iraq. The lake's water is sourced from various natural inputs, including the Diyala River, seasonal rainfall, groundwater, and natural springs. Human interventions such as artesian wells and irrigation projects also contribute to its water supply. These diverse sources are essential for maintaining the lake's water level and are instrumental in supporting agricultural and economic activities in the surrounding region [43].
     The Hamrin Lake area is distinguished by a series of hills in the northeastern Iraq. These elevations range from 200 to 500 meters above sea level, serving as notable geographical landmarks [44]. These hills are primarily sedimentary and limestone rocks [45] significantly influencing the local climate. They function as a natural barrier that intercepts moisture-laden winds, resulting in increased precipitation on the slopes facing the wind [46]. Furthermore, they contribute to temperature regulation by diminishing the effect of hot and dry winds in the area [47] .
     The region's geographical and climatic characteristics play a crucial role in shaping its landscape and functionality. These hills are prominent natural landmarks and significantly influence various human activities, including agriculture [48], grazing, tourism, and the regional economy [49] [50].
The hills surrounding Lake Hamrin are integral to the region's water resources. The lake receives water primarily from small streams on these slopes, especially during the rainy season [51].
     These hills serve as natural barriers, effectively protecting the lake from pollution and drought while reducing the impact of winds that may carry dust and other contaminants. Lake Hamrin encompasses a complex ecosystem, with the surrounding hills providing essential protective boundaries and the Diyala River supplying a vital water source. Urbanization presents significant challenges in striking a balance between development and sustainability. To manage this area effectively, it is imperative to foster cooperation at both local and regional levels to ensure the conservation of its valuable resources [52].
METHODOLOGY 
     The following research procedures were employed in this study:
1. Selection of Spatial Data: This study utilized Landsat 8 and 9 satellite images from April 2019, 2022, and 2024 (second level) to perform a comparative analysis. The objective was to assess the impact of changes in the area of Hamrin Lake on the land cover within the region.
2. Spectral Data Conversion and Reflectivity Correction: The visual values were methodically converted to reflectivity values. This conversion process accounted for prior spectral correction, effectively removing atmospheric distortions. Such measures were critical for ensuring the precision of the reflectivity values utilized in the analysis, as outlined in the following equation [53]:
       … (1)
Where  TOA planetary reflectance and  is the pixel value of the band.
3. Layer Stacking and Region Definition: The spectral layers were systematically stacked and cropped to conform to the study area's established boundaries.  
4. Separability Assessment: To ensure the distinctiveness of our training samples, we calculated the separability of sub-class pairs utilizing the Jeffries-Matusita measure.
5. Data Classification Using the Maximum Likelihood Algorithm: A supervised maximum likelihood classifier was applied to categorize the satellite scenes into the designated classes accurately.
6. Classification Accuracy Assessment: We computed the kappa coefficient and overall accuracy alongside assessing separability and identifying unclassified areas within each satellite scene.
7. An analysis of changes in land cover resulting from variations in the size and water volume of Lake Hamrin during the specified study period.
RESULTS and DISCUSSION 
This study employed Landsat 8 and 9 satellite imagery to analyze three significant years: 2019, 2022, and 2024, as presented in Figure 2.
      Each pair of consecutive images is separated by a two-year interval, as outlined in Table 1. These years were strategically chosen to capture seasonal variations, focusing on the spring season, which signifies both the peak and conclusion of the rainy period in Iraq. During this season, Lake Hamrin typically reaches its maximum capacity, making it an optimal timeframe for monitoring hydrological and environmental changes within the region.
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Figure2 a,b,c presents satellite images of Hamrin Lake, captured in various years, EPSG:32638-WGS84/UTM Zone 38

[bookmark: _Hlk190043845]Table 1, presents a comprehensive overview of the scenes utilized in the project
	No.
	Data
	Time
	Landsat
	Path, Row
	Cloud Cover
	Resolution Of Band (m)

	1
	5/24/2019
	7:32:53
	OLI-8
	168,36
	0.13
	30

	2
	4/22/2022
	7:32:58
	OLI-9
	168,36
	0.01
	30

	3
	4/27/2024
	7:32:51
	OLI-9
	168,36
	0.5
	30


  
   In response to the notable climatic and environmental changes observed in the Hamrin Lake area in recent years, we utilized a supervised maximum likelihood classifier (SML) methodology to classify the land cover components in satellite images systematically. As illustrated in Figure 3, the results of this classification provided essential insights into the current status of the lake and its surrounding environment. This comprehensive analysis contributes to a better understanding of the environmental changes occurring in the study area.
     The training samples for each land cover component class were meticulously selected using the Jeffries-Matusita metric. This approach enabled the calculation of the separation factor and the assessment of differentiation between sub-pairs. The minimum separation factor recorded was 1.93 across all satellite images collected over the three years, this value confirms the absence of spectral overlap between the training samples representing different land cover classes, thus reflecting the accuracy and distinctiveness of the samples utilized in the analysis.
     To ensure the classification process's accuracy and reliability, we comprehensively evaluated the model's performance utilizing two key indicators: the overall accuracy rate and the kappa coefficient. The results demonstrated an exceptional overall accuracy of 99% and a kappa coefficient 0.99. These findings affirm the effectiveness and reliability of our classification methodology.
     The components have been classified into subclasses to conduct a comprehensive analysis of the changes in key land cover patterns. This classification facilitates a detailed examination of the transformations that have transpired over time, offering a clearer perspective on the evolution of the environmental landscape and urban structure in the area of interest. The regions associated with each subclass are presented in Figure 4.
	[image: A map of a mountain range

AI-generated content may be incorrect.]a			b














c

	[image: A map of a river

AI-generated content may be incorrect.]

	2022
	2019

	[image: A chart of different colors

AI-generated content may be incorrect.]
	[image: A map of a lake

AI-generated content may be incorrect.]

	                                    2024

	Figure 3a,b,c. Land Cover Classification Results Derived from Training Samples "EPSG:32638-WGS84/UTM Zone 38"
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	Figure 4, The area of each subclass



     We have designated 2019 as the reference year to systematically assess the changes in land cover surrounding Lake Hamrin over the past six years. This approach facilitates a thorough comparison of the consistency of various land cover classes and the environmental and human dynamics observed in the region, as illustrated in Figure 5.
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	Figure 5, The consistency of various land cover classes.



     Lake Hamrin experienced its highest recorded water levels across all deep, medium, and coastal depths during 2019. This significant increase was primarily due to the substantial rainfall and flooding that the region encountered. In 2022, natural vegetation, including wild plants such as reeds, peaked despite the limited rainfall during the rainy season and a notable rise in temperatures throughout the country. This growth occurred alongside the water management policies implemented by neighbouring countries, which adversely affected the lake's surrounding area. Remarkably, the natural and wild plants showed a strong recovery, attributed to elevated temperatures that led to increased evaporation rates and enhanced humidity levels in the region. Furthermore, these plants rely significantly on the groundwater resources available for irrigation. Crops fluctuated between 2019 and 2024 but achieved their highest value in 2024. This increase coincided with the region's recovery from extended drought conditions and improved security situations, following years of instability caused by terrorist groups in the lake's vicinity. The lowest recorded value for urban development occurred in 2022, attributed to significant security unrest that affected the region. However, this sector recovered significantly by 2024.
Additionally, the dark soil at the lake's bottom reached its peak value in 2022, attributable to drought and heightened evaporation levels that led to a receding waterline, revealing substantial portions of the lakebed. In contrast, the medium brown soil recorded its highest value in 2019, resulting from the floods associated with that year's hefty rainy season. In 2024, the white soil, indicative of the region's prevalent gravel, and the dark brown soil, representing the hills of the Hamrin area, recorded their highest values to date. This significant increase can be attributed to the proliferation of gravel quarries and the notable rise in urbanization and construction activities throughout the region during that year. Variations in classification accuracy have led to the reassignment of specific classes from the correct classification (omission) to the commission class, see figures 6 and 7. This has resulted in discrepancies in the calculated representation percentages for some classes within the study area's land cover. The two figures below demonstrate the percentage of omissions and commissions for each class across all approved years.
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	Figure 7, The omission percentage
	
	Figure 6, The commission percentage 



    Errors during the classification process resulting from omissions and overlaps between classes are evaluated based on established omission and overlap values. We have set critical thresholds of 2% for omissions and 5% for commissions. The classification errors and their corresponding causes are presented for review in Table 2. The difficulty in differentiating subclasses arises from the high similarity in their spectral responses, compounded by the limited spatial resolution of the Landsat (8,9) satellites, which is 30 meters. Consequently, it has been observed that some classes exhibit distinct oscillatory behavior, whereas others demonstrate relative stability.

	Table 2, The omission and commission between the classes

		Year
	Omission
	Commission
	Notes

	2019
	White Soil
	Light Brown Soil
	Belong to the same main class

	 
	Gray Soil
	Urban 
	The two classes are interference 

	2022
	River
	Shallow Water 
	Belong to the same main class

	 
	Shallow Water
	River
	Belong to the same main class

	 
	Brown Soil
	Gray Soil
	Belong to the same main class

	 
	Light Brown Soil
	Urban
	The two classes are interference

	2024
	River
	Shallow Water 
	Belong to the same main class

	 
	Shallow Water
	River
	Belong to the same main class

	 
	Natural Plant
	Papyrus
	Belong to the same main class

	 
	Light Brown Soil
	 
	Commission to different classes





CONCLUSION 
     Global climate change, encompassing global warming, profoundly impacts weather patterns in Iraq. This phenomenon has resulted in fluctuations in rainfall during the rainy season, significantly affecting vegetation cover, water bodies, and soil quality in the region.
Notably, vegetation attained its highest recorded value in 2024 due to increased cultivated land and enhancements in agricultural land management practices. This improvement was facilitated by an extended rainy season, a moderate climate, and the stability the region has experienced following significant security challenges.
     There was also a notable increase in vegetation in 2022 compared to 2019, despite witnessing a less favorable rainy season, severe drought conditions, and a sharp rise in temperatures. This increase in vegetation cover can be attributed to the increased reliance on groundwater resources. Although elevated temperatures contributed to higher evaporation rates, they simultaneously provided suitable moisture levels conducive to crop growth.
     Water levels across all classes peaked in 2019, primarily due to the region's abundant rainy season and the resulting floods. The year 2024 ranked second, as a significant recovery in water levels was observed, attributable to ample rainfall and flooding, indicating a positive long-term trend for the area's hydrology.
     In contrast, the lowest water levels were recorded in 2022, marked by severe drought and desertification. This decline was further compounded by reduced rainfall during the rainy season and the closure of critical tributaries, including the Tigris River and Lake Hamrin, by neighbouring countries.
     Soil conditions across all classes also exhibited considerable changes. The highest soil quality values were noted in 2022, reflecting the impacts of desertification and drought on the region. In 2019, soil conditions were favourable, influenced by erosion resulting from rainfall and flooding. By 2024, alterations in soil quality were increasingly linked to agricultural activities, urban development, and the expansion of gravel quarries, reflecting the enhanced security and stability that followed the successful containment of ISIS activity in the area.
In summary, there has been a marked increase in both agricultural and urban land use in recent years, accompanied by a decrease in the extent of bare land. These developments are primarily attributed to the region's population growth and economic advancement. Additionally, the analysis revealed significant changes in land cover throughout the study period, including modifications in soil quality, vegetation cover, and water bodies. The area of lakes was closely associated with variations in rainfall rates.
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