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1. INTRODUCTION

According to some reports, land degradation and 
desertification are among the gravest environmental concerns 
facing the world in the 21st century. Nearly one-quarter of  
all terrestrial land is already degraded: That puts biodiversity, 
food security, and human livelihoods at risk. Iraq is even more 
exposed and at risk because of  its arid and semi-arid climate 
(with an overreliance on the Tigris–Euphrates basin) and 
generations of  unsustainable land use. It is estimated that 

about 39% of  Iraq’s territory is affected by desertification 
with serious implications on agricultural productivity, water 
resources, and rural communities [1]. Fig.  1 provides an 
updated map of  the present situation of  land degradation and 
desertification in Iraq and identifies the areas most affected. 
Contributing to solve this crisis is an ecological obligation, 
as well as a socioeconomic need, to preserve a sustainable 
and peaceful environment [2].

The soil degradation and vegetation loss/spread were 
traditionally monitored by way of  traditional methods of  
land monitoring (manual surveys, field sampling, and satellite 
image interpretation), traditional remote sensing techniques, 
and processing. Although these approaches have provided 
important insights, they have several limitations. Paper-based 
surveys are costly and require time, effort, and resources [3]. 
Traditional analysis of  satellite images generates stagnant 
images of  land status while neglecting the capability of  
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capturing the dynamic nature of  environmental modifications 
or potential hazards. Such limitations contribute to the delay 
and error in interventions, particularly when dealing with like 
Iraq with a vulnerable ecosystem and the need for urgent 
responses to ameliorate degradations [4].

The synergistic use of  remote sensing and artificial intelligence 
(AI) has emerged as an alternative in recent years to address 
these challenges [5]. AI allows for a number of  powerful 
computational methods – machine learning (ML) and deep 
learning (DL) – that can be used to analyze and interpret 
the huge complex datasets, looking for hidden patterns and 
building predictive models with a high degree of  accuracy. 
When used with high-resolution satellite images, AI can track 
land degradation almost in real time, predict desertification 
risk, and support land use planning. Worldwide use cases in 
China, India, and Africa prove that AI-supported technologies 
are not only viable but also game-changing in every aspect, 
including large-scale restoration, precision agriculture, and 
water resource management. These examples emphasize that 
Iraq can also modify and indigenize these technologies [6].

However, globally, the use of  AI in land monitoring in Iraq 
has been less exploited [7]. Challenges include fragmented 
data systems, restricted access to high-resolution satellite 
imagery, limited computational resources, and a lack of  
cohesive strategy at the national level for the implementation 
of  AI in environmental management. These lacunae highlight 
the pressing need to analyze the potential of  AI-enabled 
technologies to enhance land monitoring, sustainable 
development, and policy frameworks in Iraq [8].

Iraq has applied various techniques to detect land degradation, 
but each poses its own restrictions. Classical field surveys and 

GIS-based mapping remain widely applicable, but they can 
be time and manpower consuming, limiting their ability to 
report rapid degradation. In many cases, these methods detect 
these issues only after substantial damage has been done. The 
advent of  technology has made it easier to implement more 
advanced remotely sense approaches such as high-resolution 
satellite imagery and drone technology. The above-ground 
effects of  desertification are water depletion, soil degradation, 
and loss of  vegetation which can be monitored with the aid of  
satellite data. For example, research has used satellite imagery 
to monitor land degradation, including in the Euphrates River 
basins. Drones have provided immediate, high-resolution 
images of  affected areas, thereby improving the precision 
and adaptability of  monitoring work [9].

There is another most hopeful way: AI-based land 
monitoring. Through the use of  ML, big data analysis, and 
satellite photos, AI can now detect environmental issues 
before they become serious issues. AI-based systems can 
analyze indicators of  soil quality, the availability of  water, 
and climate changes, making a quick response possible. AI 
lowers the cost of  monitoring as well, which means that it 
is an apprenticed solution to land degradation in Iraq. In 
addition, digital and mobile technologies, for example, AI 
and the Internet of  Things, can change the monitoring of  
degraded land and its restoration through real-time data, as 
well as engaging communities in restoration efforts. Such 
advancements can represent a substantial leap forward for 
future land management in Iraq, providing the evidence base 
necessary to address the country’s environmental crisis [10].

This study aims to consider the application of  AI in the 
context of  addressing land degradation and desertification 
in Iraq through (i) reviewing the limitations of  conventional 
methods of  land monitoring, (ii) introducing advances in the 
monitoring and prediction abilities of  AI and remote sensing, 
(iii) the assessment of  international best practices, and (iv) 
identifying challenges and recommendations for future 
work in Iraq. In doing so, this research seeks to add to the 
emerging body of  scholarship at the nexus of  technology, 
sustainable development, and environmental governance in 
the Middle East.

1.1. Problem Statement
In this context, we investigate limitations of  classical 
land monitoring including manual on-site surveying and 
conventional remote sensing techniques such as remote 
sensing, which are often limited by efficiency, high costs, or 
low levels of  scalability. We demonstrate how combining 
AI and modern remote sensing technologies can enhance 

Fig. 1. Historically, the northern Iraqi province of Nineveh was a 
thriving agricultural area that produced almost 25% of the country’s 

wheat [11].
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monitoring efficacy and efficiency, automate data processing, 
and provide real-time information. The results highlight 
AI’s ability to transform how we handle the limitations of  
traditional monitoring systems.

1.2. Objectives and Hypothesis
In this case, we introduce an AI-driven framework to 
monitor land degradation in Iraq by combining remote 
sensing data with climatic and socio-economic indicators. 
To what extent does multi-source integration improve the 
quality and specificity of  land degradation monitoring? The 
presumption is that this integration will increase accuracy 
and generate findings that can be actionable. The novelty of  
this work is the application of  AI approaches to the unique 
environmental and socio-economic system of  Iraq that faced 
many limitations in the literature.

1.3. Research Gap
Soil degradation is a pressing worldwide issue that can 
threaten biodiversity, crop yield, and human health. In the last 
few decades, AI approaches have been widely introduced to 
monitoring and early detection of  degradation processes. AI 
methods, especially ML and DL techniques, have been used 
for remote sensing datasets on land cover classification, soil 
quality estimation, and vegetation stress monitoring. These 
developments represent the increasing promise of  the use 
of  AI in environmental management and sustainable land 
use planning.

However, there are two important shortcomings in the 
literature. First, most AI methods used for land degradation 
research are based on remote sensing data and often neglect 
the incorporation of  other important drivers like climatic 
factors and socio-economic variables. This restricted. A vision 
is at the risk of  being reductionist of  a too complex context 
of  interplays governing degradation mode. Second, although 
the global applications are on the rise, limited research is 
available on the use of  integrated AI methods directly in 
Iraq which claimed different ecology and socioeconomic 
constraints that reflect on the land degradation state.

2. LAND DEGRADATION AND DESERTIFICATION IN 
IRAQ

2.1. Causes of Land Degradation and Desertification 
in Iraq
Climate change is the main cause of  Iraq’s land degradation 
problem. The area is becoming increasingly susceptible to 
desertification due to increased droughts, diminished water 

supplies, and changed rainfall patterns brought on by global 
warming [12]. According to research, the Middle East, 
including Iraq, is warming at a rate that is almost twice as 
fast as the rest of  the world. This causes soil moisture levels 
to drop and turns once-fertile areas into arid ones [13]. The 
increasing occurrence of  sandstorms and dust storms, which 
degrade air quality and decrease agricultural productivity, 
exacerbates the problem [14].

However, there are other factors as well, such as climate 
change. Unsustainable farming practices have done much 
to worsen land degradation. Particularly in semi-arid areas, 
overgrazing stunts plant regeneration, exposing the ground 
to erosion [15]. Widespread soil salinization brought on by 
inadequate irrigation methods has made many agricultural 
areas useless. This is particularly true in the southern parts, 
where insufficient drainage systems have caused salt buildup. 
Using chemical fertilizers excessively has further degraded 
soil quality by disrupting microbial communities and reducing 
long-term fertility [16].

Deforestation and rapid urbanization have also played a 
significant role. Many places, especially those grappling 
with energy issues, cut down trees for fuel, leaving the soil 
vulnerable to erosion. Concurrent with this fast expansion 
of  cities, including Baghdad, Basra, and Mosul, has been 
the conversion of  large tracts of  agricultural land into 
urban environments, diminishing the nation’s arable land 
supply [17]. Projects, including urbanization and road 
building, have compacted the soil, reducing its capacity to 
hold water and hastening erosion [18].

Iraq’s worsening water situation makes these issues far more 
difficult. Although the nation’s main agricultural output 
sources are the Tigris and Euphrates rivers, upstream 
damming by other nations has greatly limited water flow, 
making irrigation less practical. Concurrently, antiquated 
irrigation methods squander much water, taxing the 
resources. Many farmers have thus started extracting water 
from the ground, but too much pumping has lowered water 
tables, aggravating Iraq’s water shortage [19].

2.2. Consequences of Land Degradation in Iraq
Apart from environmental issues, land deterioration seriously 
affects Iraq’s public health, food security, and economy. The 
decrease in agricultural productivity [20] is among the clearest 
effects. Once a self-sufficient food producer, Iraq mostly 
depends on imports since limited arable land and declining 
agricultural yields. Low-income homes find it more and 
more challenging to meet their needs as food production 
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declines and prices climb. Many rural families are driven to 
migrate to cities due to financial difficulty, which leads to 
urban congestion and unemployment. Their farms are left 
behind. Iraq’s ecosystems are also suffering significantly, in 
addition to agriculture. The loss of  vegetation has worsened 
biodiversity as native plant and animal species struggle to 
survive in dwindling environments. As dust storms become 
more frequent, the air quality has deteriorated, leading to 
increased respiratory conditions and other health issues [21].

One of  the worst environmental losses due to climate change 
and water mismanagement has been the degradation of  the 
Mesopotamian Marshlands, one of  the most significant 
wetland ecosystems in the world. The socioeconomic 
consequences of  desertification are equally concerning. More 
people migrate to cities when land becomes unproductive, 
depopulating rural areas [22]. Iraq’s economy has suffered 
from the loss of  agricultural income; thus, it depends more 
on food imports and is more sensitive to other economic 
shocks [23]. Competition for limited water resources has 
heightened community tensions, aggravating already unstable 
political and economic environments.

2.3. Current Monitoring Approaches in Iraq
Iraq has used several monitoring techniques to fight land 
degradation, but each has drawbacks. Although they are still 
extensively used, traditional field surveys and GIS-based 
mapping can be slow and labor-intensive, restricting their 
ability to spot early degradation. Usually, these techniques 
find nothing until considerable damage has been done [24].

Among the remote sensing methods made possible by 
technological developments are satellite imaging and drone 
surveillance. Offering a whole picture of  the degree of  
desertification, high-resolution satellite data helps to monitor 
water depletion, soil degradation, and plant loss [25]. By 
offering real-time, detailed images of  impacted areas, drones 
help to enable more flexible and accurate monitoring.

Still, AI-powered land monitoring seems to be the most 
exciting fix. AI helps us forecast changes by combining ML, 
big data analysis, and satellite images, enabling us to identify 
environmental problems early on before they worsen [26]. 
AI-powered systems enabling exact evaluation of  soil quality 
indicators, water supply, and climate changes help to enable 
fast response [27]. Furthermore, as automation greatly lowers 
monitoring expenses, it is a scalable answer to Iraq’s soil 
degradation issue. The GSMA claims that digital and mobile 
technologies like AI and the Internet of  Things alter how 
we monitor and restore damaged areas by providing real-

time data and enabling locals to participate in restoration 
projects. These changes could significantly affect future land 
management in Iraq and offer evidence-based strategies to 
mitigate the current environmental crisis [28].

3. REVIEW METHODOLOGY

This article takes a systematic review approach, as opposed 
to new experimental data. The process of  choosing our 
literature followed clear criteria to provide transparency and 
relevance. The most important academic databases, including 
Scopus, Web of  Science, and Google Scholar, and the local 
Iraqi sources, for example, national reports and university 
local repositories, were searched. The review period is set 
between 2000 and 2025, which is characterized as both the 
period when AI has globally become accepted in conducting 
environmental monitoring and also as the time for intensified 
activity in the fight against desertification in Iraq.

Search keywords used the combination of  AI, ML, DL, 
remote sensing, land degradation, desertification, Iraq, and 
sustainability. Studies were not excluded in this category 
if  (i) they covered AI specifically or remote sensing in the 
context of  land degradation or desertification; (ii) offered 
comparative data from arid and semi-arid areas that may 
be applicable to Iraq; or (iii) focused on sustainable land 
management (by means of  advanced computing) that 
was applied to advanced computing. Exclusion criteria 
removed strictly theoretical studies on AI without applied 
environmental relevance, articles with no empirical or case-
based relevance. The last group of  literature synthesized in 
this review describes a compromise between international 
best practices (knowledge) and the context of  Iraq, especially 
the challenges resulting from a lack of  data and institutional 
limitations.

3.1. Conceptual Roadmap (formerly Framework)
Instead of  providing an experimental model, this research 
introduces a Conceptual Roadmap that encapsulates global 
as well as Iraqi literature. The roadmap includes input from 
various AI and remote sensing publications and places these 
conclusions in the Iraqi environmental and socioeconomic 
setting. It is not framed as a novel empirical foundation, but 
a navigational structure of  how to think about scaling and 
indigenizing and enhancing extant models of  analysis to 
speak to Iraq.

The roadmap makes the case that AI models – from 
Convolutional Neural Networks (CNNs) and Support 
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Vector Machines SVMs to ensembles and hybrids – can be 
understood in terms not just of  technology but of  Iraq’s 
data infrastructure, institutional capacity, and socioeconomic 
context. This synthesis will provide a structured vision 
to policymakers and researchers as to what the world has 
successfully done and what manifestations Iraq can adopt 
in her combat against desertification.

3.2. Comparative Insights on AI Models in Iraq
The review concludes that despite the excel lent 
performance reported by them, the specialized nature and 
general conditions of  Iraq seem to hamper the adaptation 
of  AI models such as CNNs, Random Forests (RFs), 
SVMs, and long-short-term memory (LSTMs). CNNs 
and LSTMs require large datasets of  high quality, which 
are often not readily available in the case of  war-induced 
fragmented data input and collection (observation and 
surveillance) systems. While RFs and SVMs perform 
well with small datasets, they could have problems with 
learning temporal drought dynamics or socioeconomic 
drivers of  land degradation. The situation in Iraq further 
complicated the affair:
1	 Data scarcity resulting from limited satellite coverage 

and poor integration of  ground-based observations
2	 Socioeconomic pressures such as rural migration, 

overgrazing, and unsustainable irrigation practices
3	 Institutional weaknesses including fragmented 

governance and insufficient investment in digital 
infrastructure.

This analysis underscores the need for lightweight, 
interpretable models suited to low-resource settings, and the 
adaptation of  global AI systems through transfer learning 
(TL) and domain adaptation.

3.3. Research Gaps
There are a number of  key gaps in the literature: There 
is a complete paucity of  regional datasets and monitoring 
programs developed exclusively for the Iraqi ecological 
zones. Socioeconomic factors such as conflict, land 
tenure, and migration are important factors in land 
degradation in Iraq but have been relatively unexplored 
which few studies focus on these factors. Furthermore, 
Iraq has not been represented in global comparison 
studies on AI and environmental governance. Filling 
these gaps requires the creation of  integrated databases, 
coordinated regional efforts, and methodological 
innovations that incorporate data from remote sensing 
and socioeconomic dimensions.

4. AI TECHNIQUES

4.1. AI Techniques for Predicting Land Degradation
4.1.1. Supervised learning models
AI has become an essential tool for monitoring and predicting 
land degradation since it offers a range of  machine-learning 
algorithms that enhance environmental assessments. Among 
these models, CNNs have shown amazing ability in analyzing 
satellite data and spotting variations in moisture content, 
plant cover, and soil quality [29]. Crucially for tracking 
desertification trends, their ability to extract significant 
information from multispectral and hyperspectral data 
helps precisely classify various types of  land cover and 
locate areas of  degradation. According to Sanskriti IAS, 
combating desertification has succeeded in remote sensing 
driven by AI and ML [30]. Employing satellite imagery 
analysis, these technologies have helped governments 
forecast land degradation patterns and support preventative 
actions. As suggested, they can solve environmental issues, 
and AI models have also improved farming methods and 
optimized water use [31]. Another popular model in this 
field is SVMs, which look at the spectral reflectance of  
satellite data to classify various types of  terrain remarkably. 
In semi-arid environments, where minute spectral changes 
between vegetative and non-vegetative areas demand careful 
classification, the technique allows exact differentiation of  
healthy, moderately degraded, and severely degraded land. 
Companies like Omdena, which use CNN and RF models 
to identify deforestation activity instantly, have effectively 
implemented AI-driven solutions [32]. By including residents 
in the data collection and analysis process, this initiative 
guaranteed that the solutions were sustainable and pertinent 
to the surroundings [33].

4.1.2. DL models
Furthermore, providing a comprehensive approach to 
evaluate environmental hazards by considering several 
data sets, including soil condition, water quality, and 
meteorological variables, RF and Decision Tree (DT) models 
have been presented by building many DTs and aggregating 
their outputs [34]. The RF model greatly increases accuracy 
and poorly forecasts complex environmental interactions. 
Similarly, because they effectively analyze sequential data, 
recurrent neural networks and LSTM networks are especially 
suited for analyzing drought events, precipitation trends, and 
temperature variations [35]. Finding trends in time-series data 
helps these models provide more accurate forecasts of  land 
degradation caused by climate change [36].
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4.1.3. Hybrid and ensemble approaches
Meanwhile, the new progress in ML has greatly improved 
the prediction of  land degradation in Iraq. Hybrid models 
use two or more ML algorithms in combination to increase 
predictive performance [37]. For example, in a study, soil 
degradation susceptibility was mapped in the Shaqlawa 
sub-region of  Northern Iraq using several ML techniques 
including RF, Naive Bayes, Logistic Regression, Rotation 
Forest, and Fisher’s Linear Discriminant Analysis. The study 
area was divided into five susceptibility classes according 
to the results, therefore providing important data to help 
decision-making for land management [38]. Another study 
conducted the analysis in the Harrir region of  Northern 
Iraq using ensemble learning algorithms to evaluate land 
degradation sensitivity and desertification risk. Management 
of  the results pointed out where areas are most at risk of  land 
degradation, representing the basis for focused interventions. 
Moreover, an integrated study on land use/land cover change 
in the Kurdistan Region of  Iraq employed ensemble ML 
techniques for investigating spatial patterns and determinants 
of  land degradation. This investigation identified target 
areas for prompt attention and intervention. Taken together, 
these studies indicate that hybrid and ensemble ML models 
can effectively be used to predict land degradation in Iraq 
and to support decision makers in making sustainable land 
management [39].

Classical AI approaches, such as CNNs, RFs, SVMs, and 
LSTMs, have been widely applied in global studies of  land 
degradation [40]. However, their implementation in Iraq 
poses a number of  major obstacles. First, the long-term, 
high-resolution datasets are scarce and fragmented, which 
makes it difficult for such models to learn stable degradation 
patterns. Second, it is environmental diversity of  arid deserts 
and riparian habitats reduces the suitability of  predictions 
made from more homogeneous landscapes. Third, and 
perhaps most importantly, natural resource degradation 
processes are considerably driven by socioeconomic forces, 
including conflict-induced displacement, land use change, 
and mismanagement of  water resources. Regrettably, in 
current AI-centric frameworks, such factors are not always 
considered [41].

To overcome these limitations, our study presents a new 
approach to the incorporation of  multiple-source data into 
AI models. In particular, we integrate radar-imaged, climatic 
(e.g., precipitation, temperature), and socioeconomic (e.g., 
population density, agricultural intensity) information. This 
comprehensive framework has the potential to allow the 
AI models to capture not only the spectral and biophysical 

signals of  land degradation present in Iraq but also the diverse 
human–environment interactions in the region. We do so to 
improve the accuracy and context relevance of  AI-driven 
monitoring and offer a more complete methodology than 
existing studies that were heavily based on remote sensing 
data.
1.	 Suitability for data scarcity

•	 Discuss which models handle small datasets or 
missing data well

•	 Relate it to Iraq: NDVI data or other remote sensing 
datasets may be sparse, so simpler or ensemble 
models might be preferable.

2.	 Trade-offs: Complexity, interpretability, infrastructure 
cost
•	 Complexity → affects training time, hyperparameter 

tuning, and maintenance
•	 Interpretability → policymakers may prefer models 

they can understand (e.g., DTs vs. black-box CNNs)
•	 Infrastructure cost → high-complexity models need 

GPUs, large memory, and cloud resources.

4.2. Integrating AI with Remote Sensing
AI-based monitoring provides a flexible and scalable approach 
to land degradation assessment for Iraq, which can be used 
alongside traditional methods, such as manual field surveys 
or GIS-based mapping, which are typically time-consuming 
and laborious [42]. With the combination of  high-resolution 
satellite imagery, soil quality indicators, climate information, 
and vegetation indices, AI models are able to detect early 
evidence of  soil degradation effectively and predict potential 
risk areas with high accuracy. In Fig. 2, we map the spatial 
distribution of  land degradation risk in Iraq, showing the areas 
most sensitive to desertification, soil erosion, and vegetation 
coverage. Hotspots include the water-scarce, highly saline south 
desert regions, as well as the Tigris–Euphrates basin, under 
the pressure of  intensive agricultural activities and irrigation.

It also shows how AI-assisted hybrid models, such as ML 
ensembles and others, integrate multiple data to develop 
probabilistic risk maps. Such risk maps enable decision-
makers and environmental managers to address the 
importance of  various intervention strategies and to assign 
resources appropriately for the development of  focused 
restoration projects. Representing both high- and moderate-
risk areas, Fig.  2 illustrates the potential of  predictive AI 
tools for proactive decision making to minimize the lag 
from degradation and onset of  mitigation. The integration 
of  temporal information in these models makes it possible 
to monitor degradation evolution trends over time, which 
is necessary to assess the impact of  land use management 
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policies and restoration strategies (Project Management 
Institute, 2024).

In reality, the AI-based surveillance in Fig.  2 can guide 
applications such as precision agriculture, drone-based 

reforestation, and water management solutions, so that 
interventions are not only ecologically imperceptive, but 
they are also socioeconomically feasible. By providing an 
integrated, near-real-time snapshot of  land conditions, AI 
empowers Iraq to meet its sustainable land management goals 

Fig. 2. NDVI analysis showing vegetation cover changes over time for the Mosul region in 2016, 2018, and 2021 [7].

Fig. 3. Maps showing Turkmenistan’s desertification levels in 2020 based on the model: Alotaibi and Nassif [40] Naïve Bayes (a), eXtreme 
Gradient Boosting (b), RF (c), and K-Nearest Neighbors (d).

a b

c d
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and serves to underpin international standards such as the 
UN Sustainable Development Goals (SDG 15: Life on Land).

As illustrated in Figure 3, comparative machine-learning 
models—including Naïve Bayes, eXtreme Gradient Boosting, 
Random Forest, and K-Nearest Neighbors—were applied to 
map desertification levels in Turkmenistan, demonstrating 
variations in model sensitivity and spatial prediction 
performance [9].

Apart from NDVI-based evaluations, AI has been vital in 
determining the degree of  desertification in various areas [43]. 
For example, a 2020 Turkmenistan study using K-Nearest 
Neighbors, eXtreme Gradient Boosting, RF, and Naïve Bayes 
projected the degree of  desertification using several ML models. 
A comparative study of  these models gave important new 
perspectives on environmental monitoring techniques [44].

AI can track land degradation trends over time and assist 
in early intervention, according to assessments of  the 
NDVI study and ML tools; this helps before problems get 
worse. Predicting desertification depends on the estimate 
of  soil moisture, thus, another important use of  AI in 
land monitoring [45]. Using AI algorithms to measure soil 
moisture over vast geographic areas and analyze infrared and 
microwave remote sensing data helps identify drought-prone 
areas before obvious degradation starts. These realizations 
open up more effective irrigation techniques and early action 
to reduce land degradation [46]. By combining AI with 
Geographic Information Systems (GIS) to pinpoint high-risk 
areas, desertification risk mapping expands the predictive 
powers of  AI. These forecasting models combine land use 
data, including deforestation and agricultural activities, with 
climate factors, temperature, precipitation, and wind patterns. 
Furthermore, considering that producing thorough risk 
maps involves hydrological elements such as river flow and 
groundwater depletion [47].

4.3. AI-Driven Big Data Analytics in Land Degradation 
Monitoring
Big data analytics have helped to emphasize AI’s importance 
in tracking land degradation even more. AI models now 
examine enormous volumes of  environmental data from 
many sources including satellite images, weather records, 
and soil health databases. From sources including Sentinel-2, 
MODIS, and Landsat, AI can examine high-resolution 
satellite data to track trends in degradation over time [48]. 
Combining these models with meteorological data, such as 
temperature fluctuations, rainfall variability, and humidity 
trends, increases the accuracy of  predicting future 

deterioration risks. Databases of  soil health are also crucial to 
AI-driven environmental assessments. AI can identify regions 
at risk of  desertification by examining factors like the pH of  
the soil, the amount of  nutrients present, and the degradation 
of  organic matter. Early warning systems, policy decisions, 
and real-time environmental assessments are made possible 
by the synthesis of  these disparate data points. AI-driven big 
data analytics makes data-driven risk-mitigating strategies 
feasible, making land degradation monitoring a completer 
and more proactive field [49].

4.4. Domain Adaptation, TL for Low-resource Regions
4.4.1. Domain Adaptation
•	 Explain that models trained on one region or dataset may 

not generalize to another due to differences in climate, 
soil, or vegetation patterns

•	 Mention strategies like fine-tuning on local data or 
adapting pre-trained models to Iraq’s environmental 
conditions.

Example phrasing:

 “Models trained on NDVI of  other regions may not directly 
extend to Iraq, given the different climate and land cover. 
Thus, it is crucial to take domain adaptation methods, e.g., 
fine-tuning pre-trained models on locally gathered NDVI data 
from UAVs into account for benefiting reliable predictions.”

4.4.2. TL for low-resource regions
•	 Highlight how TL can help overcome small datasets.
•	 Pre-trained models (on global or nearby regional data) 

can be adapted with fewer samples.

Example phrasing:

“Transfer learning (TL) allows a model, trained on well-
studied area and using a data-rich approach, to let the model 
generalize and improve over Iraq, where high-resolution 
NDVI and environmental data are scarce [50]. This approach 
reduces the need for large and locally di-versified local 
datasets while maintaining predictive accuracy.”

4.4.3. Effect of noisy environmental data
•	 Environmental datasets (NDVI, precipitation, 

temperature) often have sensor errors, missing values, 
or temporal gaps

•	 Discuss techniques to mitigate noise: filtering, 
interpolation, robust models, or uncertainty estimation.

Example phrasing:
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Environmental measurements that are too “noisy” can 
undermine model accuracy. These effects are, however, 
effectively mitigated through pre-processing, i.e., smoothing 
the NDVI time series, filling up missing data points, and using 
robust regression techniques

5. SUSTAINABLE DEVELOPMENT 
CONSIDERATIONS

AI has become a transformative tool in the fight against 
climate change since it can predict and lessen the consequences 
of  land degradation brought on by it. Employing historical 
and contemporary meteorological [51] data, ML techniques 
forecast variations in precipitation patterns, temperature 
fluctuations, and desertification hazards [52]. AI helps 
legislators proactively reduce negative impacts on agricultural 
and water supplies since it can predict extreme weather 
events, including droughts and sandstorms. Consistent with 
SDG 15 Life on Land, AI significantly helps to preserve 
biodiversity, minimize land degradation, and address climate 
change. AI-powered environmental monitoring systems 
provide real-time data on plant health, soil conditions, and 
forest cover through ML and satellite images [53]. As shown 
in nations such as China and India, where AI-powered 
applications identify illegal logging operations and support 
extensive replanting projects, these technologies have proved 
essential in the fight against deforestation [54]. Likewise, AI 
looks at irrigation patterns, crop health, and soil conditions 
to assist SDG 2 Zero Hunger food security projects. AI-
driven models forecast changes in soil fertility, which enables 
farmers to apply precision agriculture methods and improve 
planting schedules, raising agricultural output and efficiency.

Iraq may learn much from the worldwide success stories of  
AI-driven land restoration. For instance, over 1.5 million 
ha [10] have benefited from the effective application of  
AI in the “Restore Africa” project to monitor and restore 
degraded areas. By enabling significant tree planting in arid 
areas, AI-powered drones have helped China restore more 
than 500,000 ha of  land. Strong data infrastructure, good 
government support, and active community involvement 
help to explain the success of  these programs. China’s Great 
Green Wall project guarantees the sustainability and success 
of  restoration activities by combining modern research with 
traditional ecological knowledge. Similar approaches could 
enable Iraq to speed up its efforts at land rehabilitation. 
While AI-powered irrigation systems could improve the 
water usage efficiency of  the Tigris–Euphrates basin, drone 
seeding technology could help restore vegetation in the 

Mesopotamian Marshlands. Iraq might create AI-based 
solutions that fit its environmental and socioeconomic 
problems by looking at global best practices [55].

Land restoration is one of  the most interesting uses of  AI 
in sustainability. Scalable solutions to stop land degradation 
are automated reclamation and replanting programs. 
AI-guided drone seeding technologies have successfully 
identified degraded land areas and distributed native plant 
seeds in desertification zones, thus accelerating vegetation 
regeneration and stabilizing soil.

Another key area where AI can support sustainable 
development is water resource management. Iraq’s declining 
river flows and growing groundwater depletion call for 
effective water management in environmental preservation 
and sustainable agriculture. By analyzing real-time soil 
moisture data and weather forecasts, AI-powered irrigation 
systems maximize water distribution, lower water waste, and 
guarantee high agricultural yield. Besides its direct use in 
the surrounding area, AI is vital in politics and government. 
AI-driven policy frameworks with massive amounts of  
environmental data can enable decision-makers to create 
evidence-based plans for sustainable development and land 
preservation. These models help to simulate the long-term 
effects of  desertification and deforestation, ensuring that 
land-use planning conforms with expected climatic scenarios. 
Policymakers can create adaptive strategies using the powers 
of  AI that reduce environmental hazards and promote 
sustainability and resilience [56].

6. CHALLENGES AND FUTURE DIRECTIONS

Lack of  thorough, high-quality data limits AI-driven 
environmental monitoring implementation in Iraq. Accurate 
predictions in AI models depend on a large volume of  
consistent real-time environmental data. Data collection and 
preservation in Iraq are quite challenging; many databases 
are antiquated, scattered, or lacking vital information on 
soil conditions, water supplies, and climate trends. Similar 
issues that Sanskriti IAS has seen elsewhere highlight the 
need for better computational infrastructure and data 
access. Reducing prejudices in AI models and guaranteeing 
data usage transparency are two instances of  ethical and 
societal consequences. Iraq can create sensible plans to solve 
these issues and maximize AI’s ability for land degradation 
monitoring by learning from the experiences of  other 
countries [57].
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One further major challenge is the availability of  high-
resolution satellite data. AI-driven land classification and 
degradation assessment depend on satellite imagery since it 
provides vital information about hotspots for soil erosion, 
desertification, and vegetative loss. Still, gathering and 
analyzing such data require advanced computer infrastructure 
and a large financial outlay. Notwithstanding technological 
limitations, Iraq’s legislative and policy structure is still not 
ready to include AI in environmental control. The lack 
of  a thorough national strategy for implementing AI in 
environmental policy and agriculture has left government 
organizations without a clear direction. Funding for AI 
research and implementation is further limited by budgetary 
restrictions and conflicting national agendas, so postponing 
the development of  AI-driven environmental projects. 
Administrative inefficiencies also make integrating AI 
difficult since the companies in charge of  environmental 
protection, water resources, and land management usually 
operate apart with little cooperation. This scattered strategy 
reduces the national scalability of  AI-based solutions. A more 
coherent policy framework that encourages funding for AI-
driven research and interagency cooperation is essential to 
remove these structural obstacles [58].

Applying AI to environmental decision-making raises 
ethical questions that should be considered. Although it 
is essential for AI-driven land monitoring systems, large-
scale data collection begs questions about data ownership, 
privacy, and openness. Ethical data management issues 
might prevent the acceptance of  AI without clear laws 
controlling data collection, storage, and sharing. Moreover, 
if  we teach AI models on skewed or insufficient data, 
prejudices in the models remain a main issue. Errors in 
forecasts or misclassifications could disproportionately 
affect underprivileged groups, thus influencing policy 
choices. For example, if  AI mistakenly marks damaged 
land, the misallocation of  rehabilitation projects could 
aggravate rather than help to minimize environmental 
damage. Combining AI automation with human knowledge 
will help to guarantee that AI-generated insights enhance 
rather than replace expert judgment in land management 
and policymaking.

The success of  AI-driven environmental monitoring 
depends on involving local stakeholders. The local farmers 
and pastoralists possess significant traditional land and 
water management knowledge. Combining policymakers’ 
perspectives with AI-driven data may result in more contextually 
relevant and culturally sensitive responses. Community-led 
workshops may gather on-the-ground data to enhance the 

relevance and accuracy of  AI models [6], [25]. Communities 
may be able to actively engage in land restoration projects 
through initiatives to enhance capacity, such as training 
farmers on how to interpret AI-generated soil health 
assessments. “The soil here has become too salty for crops,” 
Ahmed, a southern Iraqi farmer, stated. We need technology 
to teach us where and how to farm sustainably, underscoring 
the need to integrate AI with local knowledge.

International collaboration could be essential to the 
development of  AI-powered environmental projects. The 
United  Nations Development Programmer (UNDP), the 
World Bank, and the Food and Agriculture Organization have 
all contributed to global funding for AI-based environmental 
projects. Given that the UNDP’s “Green Climate Fund” 
has funded AI-powered reforestation projects in Africa, 
Iraq, could provide a model of  this. Likewise, alliances 
with regional organizations such as the Gulf  Cooperation 
Council and the Arab League could enable funding for AI-
powered land restoration initiatives and information flow [9]. 
Development banks and foreign donors could also provide 
financing for AI infrastructure, including computer resources 
and high-quality satellite data collection. Public and private 
sector partnerships and worldwide technology companies 
could improve funding prospects and technological 
knowledge even more.

Scaling AI-driven land monitoring and restoration projects from 
pilot projects to nationwide deployment calls for a multipronged 
approach. Establishing a centralized database that integrates soil 
health indicators, satellite imagery, and meteorological data may 
enhance uniformity and accessibility across regions. We can 
improve applicability by developing modular AI models tailored 
to Iraq’s diverse ecological zones. Collaboration between the 
federal and local governments is essential to ensuring that 
AI-generated insights are converted into practical policy at all 
levels [14], [28]. Investments in cloud computing infrastructure 
and high-speed internet access are crucial for managing and 
sharing large amounts of  data, facilitating real-time monitoring, 
and enabling national decision-making. Pilot projects in high-
risk areas like the western deserts or the southern marshes 
might start a phased deployment plan. This configuration would 
enable the wider acceptance of  AI-driven monitoring and 
restoration activities under direction inspired by the knowledge 
gained from these projects.

Future research should focus on making data more accessible, 
improving AI-driven prediction models, and strengthening 
AI-powered decision support systems. DL and geospatial AI 
are two examples of  ML techniques that can be combined to 
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create hybrid AI models, which have the potential to improve 
the accuracy of  land degradation estimates significantly. 
Satellite imagery analysis, ground-based sensors, and drone 
surveillance data can be combined to provide a more 
comprehensive, high-resolution image of  environmental 
changes. Enhancing AI models for temporal forecasting is 
another objective. Since most of  the models used now look 
at historical data, future research should focus on predicting 
long-term trends in land degradation. It may be possible 
for more advanced AI systems to forecast the effects of  
climate change on soil health and plant cover, enabling 
policymakers to take proactive measures before degradation 
reaches hazardous levels. Increased availability of  open-
access environmental datasets is necessary to enhance AI 
applications. Establishing national data-sharing platforms is 
imperative, as AI models necessitate vast quantities of  high-
quality data. Researchers could build a unified environmental 
database integrating satellite observations, climate records, 
and field surveys to develop more accurate AI-driven land 
monitoring systems. International collaboration could 
give Iraq access to global research networks and open-
source datasets, improving its AI capabilities. Working with 
educational institutions and environmental organizations 
can help spread best practices and innovative AI techniques.

In addition, crowd-sourced environmental monitoring 
where local populations provide real-time data through 
digital platforms and mobile applications may offer 
location-specific insights that AI models can use. AI-
driven DSSs offer promising opportunities for both data 
and land management policy improvements. AI-driven 
dashboards can provide real-time environmental insights 
by identifying desertification-risk areas and offering 
policy recommendations based on predictive analytics. 
GIS and AI can be combined to automate desertification 
risk assessments further, enhancing land-use planning 
methods; this is the fifth step. One particularly fascinating 
area of  study is the development of  AI-powered climate 
adaptation regulations. Through its ability to evaluate 
dynamic environmental variables, AI can help develop 
flexible policy frameworks that instantly adjust to shifting 
climatic patterns. AI-driven models could inform irrigation 
schedules, identify optimal afforestation locations, and 
recommend conservation strategies appropriate for specific 
ecological zones. AI-powered decision-making technologies 
will enable government agencies and environmental 
organizations to adopt proactive, evidence-based land 
management policies to ensure balanced development and 
sustainability [32].

AI model Type Data Sources Strengths Limitations
Random 
Forest

Supervised machine 
learning 

Satellite imagery, soil 
data, climate variables

Robust to overfitting, handles 
high‑dimensional data

May misclassify degraded lands in areas 
with sparse vegetation cover (e.g., 
southern Iraqi desert)

Support 
Vector 
Machine

Supervised machine 
learning

Remote sensing 
indices, land cover 
maps

High accuracy in binary 
classification

Performance decreases with 
noisy or incomplete datasets 
(e.g., intermittent rainfall areas)

Neural 
Networks

Deep Learning Multi‑temporal satellite 
imagery, climate data

Can model non‑linear 
relationships and capture 
complex patterns

Requires large labeled datasets; 
overfitting possible in small‑scale 
monitoring areas

Ensemble 
Models

Hybrid machine 
learning

Satellite imagery, GIS 
data, soil maps

Improves prediction accuracy, 
reduces model bias

Complex interpretation; may fail to 
identify localized degradation hotspots 
without fine‑resolution data

TABLE 1: Summary of artificial intelligence models used in land degradation monitoring
Model Type Data used Strengths Limitations
Convolutional Neural Network Deep 

Learning
Satellite imagery (NDVI, 
multispectral)

Excellent for spatial feature 
extraction; high accuracy

Requires large datasets and 
high computational power

Random Forest Supervised Mixed datasets (soil, 
vegetation, weather)

High accuracy; robust 
against overfitting

May struggle with temporal 
patterns

Support Vector Machine Supervised Spectral reflectance data High precision in small 
datasets

Less effective with large 
datasets

Long Short‑Term Memory Deep 
Learning

Time‑series (rainfall, 
temperature)

Captures trends over time; 
useful for drought prediction

Slow training and complex 
tuning

Artificial Neural Network Hybrid Combined 
historical+environmental data

Flexible and customizable 
for multi‑input data

Needs regularization to avoid 
overfitting

K‑Nearest Neighbors/eXtreme 
Gradient Boosting

Ensemble Land use+terrain+climate 
indicators

Fast, scalable, and easy to 
implement

May underperform in noisy, 
high‑dimensional data
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7. LIMITATIONS SPECIFIC TO LAND DEGRADATION 
SCENARIOS

A comparative summary of  the major artificial intelligence 
models applied to land degradation monitoring, including 
their data requirements, strengths, and limitations, is 
presented in Table 1 [9]. Instead of  general statements like 
“requires high-quality data” or “computationally intensive,” 
link each limitation to specific applications in Iraq or similar 
arid/semi-arid environments. For example:

8. CONCLUSION

This paper presents a systematic review of  the use of  remote 
sensing and ML for environmental monitoring, especially 
directed at the Iraqi context which has a history of  data 
scarcity and environmental challenges hindering research 
efforts in the region. In contrast to previous global reviews, 
this study provides concrete constraints and opportunities 
for implementing LTM in Iraq, including infrastructure 
limitations, data, and environmental noise [59]. Through the 
rigorous comparisons between models, trade-offs between 
complexity, interpretability and cost, and case studies 
specifically for Iraq (e.g., NDVI analysis for Mosul), this 
study provides actionable advice for DD researchers and 
policy makers. The results demonstrate that an approach 
involving specific, as opposed to general global model, may 
improve the precision and practicality of  environmental 
monitoring in resource-limited settings. This study fills the 
gap between global evidence and local applications in Iraq 
and comparable settings, offering a model for future research 
and interventions [60].
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