
Water Conservation & Management (WCM) 9(1) (2025) 120-131 

Quick Response Code Access this article online 

Website: 

www.watconman.org 

DOI: 

10.26480/wcm.01.2025.120.131 

Cite The Article: Layth Abdulameer, Ala Hassan Nama, Muthanna M. A. AL-Shammari1, Najah M. L. Al Maimuri, Farhan Lafta Rashid, Ahmed N. Al-Dujaili (2025). 
Sustaining Iraq’s Hidden Resource: A Review Of The Strategies For Effective Groundwater Management. Water Conservation & Management, 9(1): 120-131. 

ISSN: 2523-5664 (Print) 
ISSN: 2523-5672 (Online) 
CODEN: WCMABD 

RESEARCH ARTICLE 

Water Conservation & Management (WCM) 

DOI: http://doi.org/10.26480/wcm.01.2025.120.131 

SUSTAINING IRAQ’S HIDDEN RESOURCE: A REVIEW OF THE STRATEGIES FOR 
EFFECTIVE GROUNDWATER MANAGEMENT 

Layth Abdulameera, Ala Hassan Namab, Muthanna M. A. AL-Shammaria, Najah M. L. Al Maimuric, Farhan Lafta Rashida, Ahmed N. Al-Dujailid* 

aPetroleum Engineering Department/ College of Engineering/ University of Kerbala, Kerbala 56001, Iraq.   
bDepartment of Water Resources Engineering/ College of Engineering/ University of Baghdad, Baghdad, Iraq.  
cBuilding and Construction Technologies Engineering Department, College of Engineering and Engineering Technologies, Al-Mustaqbal 
University, Babylon, Hillah, 51001, Iraq.  
dPetroleum Engineering Department/ Amirkabir University of Technology, No. 350, Hafez Ave, Valiasr Square, Tehran, Iran 1591634311.  
*Corresponding Author Email: ahmed.noori203@aut.ac.ir

This is an open access journal distributed under the Creative Commons Attribution License CC BY 4.0, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited 

ARTICLE DETAILS ABSTRACT

Article History: 

Received 23 December 2024 
Revised 03 January 2025 
Accepted 18 January 2025 
Available online 08 March 2025

Groundwater has become a vital resource for domestic, agricultural, and industrial use, especially as surface 
water supplies decline due to reduced rainfall, decreasing river flows, and increasing evaporation. This study 
reviews the critical state of groundwater resources in Iraq, focusing on challenges such as over-extraction, 
contamination, and the worsening effects of climate change on water availability. The review highlights the 
urgent need for a comprehensive monitoring and assessment framework to track groundwater levels and 
quality, utilizing real-time data on aquifer health, water table depth, and contamination. It also emphasizes 
the importance of implementing sustainable groundwater management practices tailored to the unique 
geological and Iraqi aquifer hydrological conditions. A key recommendation is adopting a participatory 
approach to groundwater management, engaging local communities, water users, and stakeholders in 
decision-making. This approach aims to promote ownership, accountability, and sustainable practices while 
promoting equitable resource management. The study also stresses addressing infrastructure and 
institutional challenges, including inadequate storage, poor regulation, and lack of coordination among 
authorities. Furthermore, the research calls for incorporating climate change considerations, such as altered 
precipitation patterns and rising temperatures, into long-term groundwater management strategies to adapt 
to changing environmental conditions. In conclusion, a collaborative approach combining scientific research, 
effective governance, community engagement, and climate adaptation is essential to ensure the long-term 
sustainability of Iraq’s groundwater resources, supporting food security, economic development, and 
resilience against increasing water scarcity. 
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1. INTRODUCTION 

Droughts are a natural element of the hydrological cycle, but their 
occurrence and intensity have grown recently. These dry spells can have 
profound socioeconomic, environmental, and political consequences, 
particularly in arid and semi-arid areas that are most at risk from the 
negative effects of excessive groundwater depletion (Petersen-Perlman et 
al., 2022; Long et al., 2020). Groundwater systems are often categorized as 
either renewable or non-renewable, based on factors like natural recharge 
rates or estimates of aquifer storage and groundwater residence time 
(Cuthbert et al., 2023). However, the capture concept -how pumping 
affects recharge and discharge - complicates these straightforward 
classifications (Bairami et al., 2024). As a result, a groundwater system 
cannot be inherently renewable or non-renewable; its classification 
depends on the specific manner in which the groundwater is being utilized 
(Shuvo et al., 2024). Groundwater potential, from the standpoint of storage 
and extraction, refers to the highest volume of water that can be drawn 
from an aquifer without undermining the long-term recharge capacity of 
the watershed (Huang et al., 2024). Mapping groundwater potential is a 
highly effective technique for evaluating this capacity, taking into account 

a range of factors that influence groundwater conditions. These factors 
include topography, geology, hydrology, hydrogeology, climate, and land 
cover (Zerouali et al., 2024). Groundwater models (GWMs) offer valuable 
insights into the volume and sources of water entering an aquifer, the 
preferential flow pathways, the potential consequences of groundwater 
extraction, and a comprehensive range of hydro-chemical characteristics if 
solute transport is incorporated into the model (Altimiras Granel, 2024) . 
These models are essential tools for water resource evaluations, 
calculating sustainable yields, conducting environmental impact 
assessments, and managing water resources in an integrated manner 
(Doost et al., 2024). Among the various computational tools available for 
simulating groundwater systems, MODFLOW stands out as one of the most 
widely adopted and internationally recognized models (Nguyen et al., 
2024).  

Groundwater represents a critical lifeline for Iraq, a nation grappling with 
water scarcity exacerbated by climate change and upstream dam 
construction (Al-Ansari et al., 2023). The Tigris and Euphrates rivers and 
their affluents used to be the major sources of water in Iraq,  but their 
discharge has been declining since the 1970s because of all these reasons 



Water Conservation & Management (WCM) 9(1) (2025) 120-131 

Cite The Article: Layth Abdulameer, Ala Hassan Nama, Muthanna M. A. AL-Shammari1, Najah M. L. Al Maimuri, Farhan Lafta Rashid, Ahmed N. Al-Dujaili (2025). 
Sustaining Iraq’s Hidden Resource: A Review Of The Strategies For Effective Groundwater Management. Water Conservation & Management, 9(1): 120-131. 

(Al-Ansari, 2021; Al-Ansari, 2013). This decline has shifted significant 
pressure onto groundwater resources, making them the primary water 
source for domestic, agricultural, and industrial needs (Hassan et al., 2023; 
Hashim et al., 2024). Based on history, groundwater use can be attributed 
to going back a long time, especially in arid and semi-arid regions, where 
people relied on underground water due to a lack of surface water (Al-
Rubaie and  Al-Kubaisi, 2024). However, this has not been well managed 
for some time, thus giving rise to some of the problems that need to be 
combatted (Mawlood,  2019; Al-Jawad et al., 2019). In light of this, there 
cannot be a better option for food production than groundwater, as it plays 
an important role in the food security of Iraq, as highlighted by the 
agricultural industry (Qureshi  and  Al-Falahi, 2015). Other authors have 
established that groundwater quality is heterogeneous by region, 
highlighting the need for region-specific management strategies(Ismael et 
al., 2020). 

Achieving sustainable management of the groundwater resource in Iraq 

entails a more rigorous and increased use of quantitative and qualitative 

assessment of the water. Open access and excessive exploitation due to 

growing human and livestock populations and additional requirements for 

agriculture have led to the conspicuous lowering of the water table in some 

areas. This unsustainable use is further compounded by the deterioration 

of water quality from underground sources due to pollution from various 

sources (Al-Abadi, 2015). Many of these sources of water have high levels 

of salinity, posing a threat to agricultural productivity in many regions 

(Dallas and Hasson, 2006). Industrial activities and poor management of 

waste pollution contaminate water sources (Aziz and Hussain, 2023). The 

effect of climate has, therefore, contributed to issues of precipitation and 

losses due to evaporation (Nanekely et al., 2019; Khaled, S., Gemail, I., and 

Abd-Elaty, 2023). The key insight deduced from the analysis is that 

outlining protection areas around strategic springs is a way to avoid 

contamination threats. For example, the Saruchawa, Qulai Rania, and Qulai 

Kanimaran springs in Iraqi Kurdistan have been categorized into 

vulnerability zones to prioritize protection efforts (Ata et al., 2024). 

Solving such complex issues requires a proactive approach that factors 

scientific enlightenment, technological advancement, and sound 

administration (Ali et al., 2017; Shakoor et al.,  2017).  

This study delves into the alarming state of groundwater resources in Iraq, 

shedding light on the significant challenges that have emerged due to 

excessive extraction, contamination, and the growing threat of climate 

change. It explores how the overuse of groundwater for agricultural, 

industrial, and domestic purposes has led to severe depletion of water 

levels. In addition, the article examines the widespread pollution from 

agricultural runoff, industrial waste, and inadequate waste management, 

which further compromises water quality. The impacts of climate change, 

such as rising temperatures, reduced rainfall, and increased evaporation, 

are also discussed, as well as their contribution to diminishing water 

availability, exacerbating the country's water scarcity crisis. 

The research uses what is available in the literature to stress the 

importance of functioning management practices. Figure 1 shows the 

factors influencing groundwater management in Iraq. 

Figure 1: Factors influencing Groundwater management in Iraq 

2. THE CURRENT STATE OF GROUNDWATER IN IRAQ

2.1. Overview of Groundwater Resources 

In Iraq, the depth of the groundwater table varied within the qualifiers 

ranging from less than 1 m to more than 700 m below the ground surface, 

Figure 2 (Al-Jiburi, H. K., and Al-Basrawi, N. H., 2015). Some of the 

groundwater naturally flows out through springs. 

In Iraq, the age of aquifer systems is between Quaternary and Paleozoic. 

These systems are mainly formed of sedimentary rocks to a depth of 1000 

m. Iraq's hydrological formation are classified into two regions; Nubio-

Arabian and Taurus Zagros (Khafaji et al., 2022). According to the 

physiological, structural, geological, and hydrogeological characteristics, 

these two hydrological regions are divided into seven hydrogeological 

zones: The Mesopotamian Foredeep (Mesopotamian), Low Folded Zone, 

High Folds Zone, Suture and Thrust Zone, Al-Jazira Zone, Western Desert 

Zone, and Southern Desert Zone (Figure 3). The groundwater aquifers in 

Iraq, their location, types, and geological formation are summarized in 

Table 1. 

Figure 2: Depth of groundwater in Iraq ( Al-Jiburi  

and Al-Basrawi,  2015). 

Figure 3:  Hydrogeological Zones of Iraq (Jassim and Goff, 2006). 
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Table 1: Groundwater aquifers in Iraq and their characteristics, Based on (Al-Zubedi, 2022 Al-Zubedi A. S., 2022; Khafaji et al., 2022; Jassim  and 
Goff, 2006; Saleh et al., 2020; Alattar, 2024). 

Aguifer Type of Aquifer Location Water Bearing Strata 

Qamchuqa Confined High Folded Zone Karstic Fracture Carbonate Rocks 

Tayarat Confined Western and Southern Desert Karstic Fracture Carbonate Rocks 

Kometan Confined High Folded Zone Karstic Fracture Carbonate Rocks 

Hartha Confined Western Part of the Western Desert Karstic Fracture Carbonate Rocks 

Suffi Confined Northwestern Parts of the Western Desert Sandstone and Carbonate Rocks 

Umm Er Radhuma Mostly Confined Western and Southern Desert Karstic Fracture Carbonate Rocks 

Akashat Equivalent of 
Umm Er Radhuma 

Mostly Confined Western Part of the Western Desert Karstic Fracture Carbonate Rocks 

Mulussa Mostly Confined Western Part of the Western Desert Karstic Fracture Carbonate Rocks 

Ga`ara Mostly Confined Western Part of the Western Desert Sandstones 

Bai Hassan (Upper 
Bakhtiari) 

Partly Confined Low Folded Zone and Mesopotamia Zone Sandstone 

Mukdadia (Lower 
Bakhtiari) 

Partly Confined Low Folded Zone and Mesopotamia Zone Pebbly Sandstone, Sandstone and Siltstone 

Char Equivalent of 
Euphrates 

Partly Confined Southeastern Part of the Southern Desert 
Sandstone, Pebbly Sandstone and 

Limestone 

Pila Spi Partly Confined High Folded Zone, Low Folded Zone Karstic Fracture Carbonate Rocks 

Sinjar Partly Confined High Folded Zone and Low Folded Zone Karstic Fracture Carbonate Rocks 

Khurmala Equivalent of 
Sinjar 

Partly Confined High Folded Zone and Low Folded Zone Karstic Fracture Carbonate Rocks 

Sarmord Partly Confined High Folded Zone Karstic Fracture Carbonate Rocks 

Dokan Partly Confined High Folded Zone Karstic Fracture Carbonate Rocks 

Aqra– Bekhme Partly Confined High Folded Zone and Low Folded Zone Karstic Fracture Carbonate Rocks 

Alluvium 
Mostly Unconfined Semi-

Confined or Confined 
Most parts of Iraq Gravel, Sand and Silt 

Dibdbba Mostly Unconfined 
Southeastern Part of the Southern Desert and 

Karbala – Najaf Plateau 
Pebbly Sandstone and Sandstone 

Injana (Upper Fars) Mostly Unconfined 
Low Folded Zone, Al- Jazira Zone and 

Northeastern Part of the Western Desert 
Sandstone and Siltstone 

Fatha (Lower Fars) Mostly Unconfined 
Low Folded Zone, Al- Jazira Zone and 

Northeastern Part of the Western Desert 
Karstic Fracture Carbonate Rocks 

Euphrates Mostly Unconfined 
Al-Jazira Zone and Middle Part of the Western 

Desert 
Karstic Fracture Carbonate Rocks 

Dammam Mostly Unconfined Western and Southern Desert Karstic Fracture Carbonate Rocks 

Rutbah Unconfined Western Part of the Western Desert Sands and Sandstone 

Muhaiwir Unconfined Western Part of the Western Desert Karstic Fracture Carbonate Rocks 

The sources of groundwater recharge are mainly composed of infiltrated 

water from precipitation river water and irrigation water. The main 

recharge zone is located in northern Iraq, with a recharge rate of around 

250 mm/yr. However, this recharge rate decreases in the south of Iraq to 

be negligible (≤20 mm/yr) (Bundesanstalt et al., 2013.  Based on this 

recharge, the expected total annual sustainable groundwater yield by 2035 

is around 5×109 m3/yr, which represents about 9% of the freshwater 

sources, with an increase of 1.5×109 m3/yr for all the aquifers systems 

(Alwash et al., 2018).   

On the other hand, the quality of groundwater in Iraq varies greatly across 

the aquifers (Figure 4). While most of the areas with good groundwater 

quality are concentrated in the north and north-east of Iraq, the quality of 

groundwater in central Iraq, especially the middle Euphrates, and 

southern Iraq along the Tigris and Euphrates rivers, is limited to poor 

quality and unsuitable for use even for agricultural purposes. Figure 4: Distribution of groundwater quality in Iraq Based on (Al-Jiburi,  

and Al-Basrawi, 2015; Alattar, 2024). 
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More studies are needed to systematically document and describe these 
aquifers' area and permeability characteristics (Vakili et al., 2024). It is 
important to establish long-term sustainable extraction strategies to 
enhance minimal exploitation. Carbonate formations in the Upper 
Cretaceous and partly karstified formations in Judea and Samaria are also 
important water sources. Correspondingly, a large part of the water 
consumption is extracted from these aquifer systems annually (Al-Dujaili, 
2024).  

2.1. Overview of Groundwater Resources 

Iraq has several significant aquifers that supply a large portion of the 
country's water needs (Khayyun and Mahdi, 2020). These aquifers vary in 
physical composition, depth, and coverage; some are more vulnerable to 
depletion or contamination than others (Abdul-Hameed and  Hatem, 
2021). These major aquifers' recharge rates, storage capacity, and water 
quality are particular features, so evaluation before planning management 
strategies is required. Further research is needed to systematically 
document and describe the characteristics of aquifer areas and their 
permeability (Faysal, 2013). It is important to establish long-term 
sustainable extraction strategies to enhance minimal exploitation. 
Carbonate formations in the Upper Cretaceous and partly karstified 
formations in Judea and Samaria are also important water sources. 
Correspondingly, a large part of the water consumption is extracted from 
these aquifer systems annually (Eckstein and  Eckstein,  2003). 

2.2. Challenges Facing Groundwater Management 

Several significant challenges hinder effective groundwater management 
in Iraq: 

2.2.1. Over-extraction and Depletion 

One of the ways is the direct use of water for food production, especially 
by irrigation, which has caused many areas to over-extract the aquifer, thus 
depleting it (Qureshi  and  Al-Falahi., 2015; Bierkens and Wada, 2019). The 
increase of irrigated areas in semi-arid regions and low water-use 
efficiency in irrigation systems have worsened this issue (Qureshi and  Al-
Falahi., 2015;Bhatia  and Singh, 2023). According to some research, the 
ratio of the volumes used for groundwater extraction is far beyond the 
volume of the natural recharges in some regions, exacerbating the 
depletion problem (Nanekely et al., 2019). The impacts of this over-
extraction are reduced in the amount of water table, subsidence of soil, and 
poor crop yields. Therefore, assessing the prevalence and geography of 
over-extraction and its impact will require more hydrogeological studies 
and mapping  (Shakoor et al., 2017). Solving this challenge calls for efficient 
conservation irrigation methods, better water management, and control of 
excessive and unsustainable water pumping from underground sources. 
Besides, reaching a broad consensus on the guidelines for the nation’s 
groundwater rehabilitation strategies is a necessity. 

2.2.2. Pollution and Contamination 

There is also a threat of groundwater pollution, which would further harm 

water quality in Iraq (Ismael et al., 2020). Potential sources of pollution 
include direct industrial effluent, agricultural leachates containing 
fertilizers and pesticides, sewage, and saltwater intrusion at the water/sea 
border (Al-Charideh  and  Arman, 2012). The level of contamination also 
varies in terms of geographical location since the content depends on the 
usage of land, structures in addition to geological structures, and distance 
from the sources of pollution. Evaluation of groundwater quality is 
important for defining areas of contaminated groundwater and 
subsequent measures towards their remediation (Alwan et al., 2019). 
Groundwater quality can be differentiated through methods such as 
artificial neural networks, which can be useful in providing more suitable 
approaches for management. Monitoring networks are critical to 
maintaining data standards for detecting spatial and temporal trends in 
soil salinity and water quality. Additionally, site contamination, especially 
in areas used as scrap yards, poses a major challenge to remediation.  

2.2.3. Impact of Climate Change 

The water scarcity problem in Iraq has been worsened by climate change 
and fluctuating rainfall patterns (Whitman, 2019). Altered precipitation, 
higher rates of evaporation, and rising temperatures are reducing the rates 
of recharging groundwater and making water scarce. Where water 
precipitation decreases, or in the event of prolonged drought, the amount 
of water the ground can absorb will also be less than that water loses 
through evaporation when its temperature surges (Milewski et al., 2019). 
Forecasting the effect of climate change on groundwater flow is important 
for future water supply and managing its variability. Climate change has to 
be incorporated into the management plans for groundwater. 
Understanding the influence of climate variability on groundwater systems 
is crucial for developing effective strategies to manage these resources. 

2.2.4. Infrastructure and Institutional Issues 

Lack of infrastructure and institutional management also pose additional 

challenges to managing groundwater resources in Iraq (Khaled et al., 

2023). Small monitoring networks, inadequate data gathering, and 

absence of implementation and compliance with currently available 

guidelines hinder management. Irrigation using outdated methods and 

inadequate drainage facilities led to increased water tables and soil salinity 

in irrigated land. Secondly, there is also the issue of needing a well-defined 

regulation and monitoring system to deal with all these. Ensuring 

sustainable resource mobilization enhances institutional capacity, 

response data effectivity, and investment in structure and technology are 

significant priority areas for improving the effectiveness of groundwater 

management. Because of these reasons, an amalgamation of communities 

in the planning and implementation of water management projects is 

crucial and fundamental to successfully implementing operation and 

maintenance (Nanekely et al., 2019). Table 2 shows summarizes the 

significant challenges hindering effective groundwater management in 

Iraq. Figure 5 shows the challenges facing groundwater management in 

Iraq. 

Table 2: The significant challenges hindering effective groundwater management in Iraq. 

Authors Year Significant Challenges Hinder Effective Groundwater Management in Iraq 

Qureshi et al. 2015 (2015) Over-extraction and depletion due to increased irrigation and low water-use efficiency. 

Nanekely et al. 2019 (2019) Excessive groundwater extraction exceeding natural recharge rates. 

Shakoor et al. 2017. (2017) Need for hydrological studies to assess over-extraction prevalence and geography. 

Al-Charideh et al. 2012. (2012) 
Pollution and contamination from industrial effluents, agricultural leachates, and sewage. Threat 

saltwater intrusion at coastal areas affecting groundwater quality. 

A. Alwan et al. 2019 (2019) Importance of evaluating groundwater quality to identify contaminated areas for remediation. 
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Figure 5: Challenges facing Groundwater management in Iraq 

3. Key Strategies for Effective Groundwater Management

Groundwater management is important for water security and 
development, especially in countries with water shortages like Iraq. This 
means monitoring the rational, sustainable use of resources and 
preventing pollution. 
3.1.  Monitoring and Assessment 

To monitor fluctuations in the groundwater, i.e., the variability in the water 
table and the health and prospects of the aquifer system, the data on the 
groundwater should be collected periodically. It contains the data, which, 
in turn, aids in water distribution, setting upper limits on abstraction, and 
forming the basis for determining measures for regulating pollution 
(Alwan et al., 2019). The technology that shall be applied in data collection 
should be strong and measurable to allow comparison in the long and short 
run and across geographical regions. This involves issues like sample 
selection procedures, good characteristics of the well-constructed sample, 
and the generalizability of the obtained samples. For example, research 
done in North Carolina explained that variation in sample techniques (use 
of first-draw water versus the impacted lead measurements in well water) 
affected lead concentrations (Wilson et al., 2024). Consequently, a set of 
norms would be required to reduce subjectivity and guarantee the validity 
of the information. 

The use of modern technology is of fundamental importance in the 
monitoring and assessment of groundwater. Geographic Information 
Systems (GIS) can handle spatial information in hydrogeology, land use, 
and pollution data. Satellite technologies are useful in determining the 
changes in the land surface in various factors that determine groundwater 
recharge, including the transition from forests to developed areas (Ávila-
Carrasco et al., 2023). The same applies to remote sensing techniques to 
measure water height in surface water bodies that are hydrologically 
linked to aquifers (Roche et al., 2022). In addition, employing advanced 
data-based models like ANNs and ACO presents a better opportunity to 
find groundwater quality parameters (Bhavya et al., 2017). These models 
can minimize direct and costly laboratory analyses and serve as effective 
tools for studying the dynamics of the state of groundwater. These 
technologies provide a differential and effective way to monitor 
groundwater. For instance, a study in the basin of Mexico evaluated the 
temporal groundwater recharge changers using GIS and satellite data 
(Ávila-Carrasco et al., 2023). All these will provide a real-life example of 
how technology can be used to enhance groundwater management. 

3.2. Sustainable Withdrawal Practices 

Sustainable groundwater withdrawal practices are essential to prevent 
aquifer depletion and maintain long-term water security. Thus, enforcing 
responsible extraction rates development, including strict compliance 
with them, is vital for avoiding unwanted impacts on aquifers. Such rates 
should be pegged on the replenishment rates of the aquifer, the storage 
capacity of the aquifer, and the potential demand for the water (Badenhop 
and Timms, 2010). Such conditions require detailed knowledge and 
understanding of the aquifer's hydrogeological properties, which can best 
be acquired through monitoring and model study. As a result of sustainable 

yield assessment, proper care must be taken that the extraction rates are 
agreeable to the aquifer, further establishing strict regulations and 
monitoring mechanisms. Breaching these guidelines has serious impacts, 
including land subsidence, increasing saltwater intrusion in coastal areas, 
and a decreased supply of water in the future (Nalley et al., 2015). Also, the 
existing formal and informal restraints like understanding water prices, 
aimed at using water more efficiently, and legislation like water pricing 
policies that indicate the real cost of water are very effective (Arifuzzaman  
and  Islam,  2024). This can be extended with educational materials and 
public campaigns to increase actors' concern for the sustainable usage of 
groundwater. 

Enhancing aquifer recharge is a critical aspect of sustainable groundwater 

management. Options for doing so are to use rainwater harvesting and 

managed aquifer recharge MAR programs and promote measures that 

enhance the infiltration ratio (Lee et al., 2019). Rooftop rainwater 

harvesting can provide a reliable water source for non-potable uses, 

reducing the demand for groundwater resources (Veen and  van,  2016). 

MAR schemes in this study rely on artificial recharging of the aquifers 

through treated wastewater or surface water (Imig et al., 2022; Kwoyiga, 

L., and  Stefan, C., 2023. The kind of MAR methods to be applied depends 

on the nature of the targeted aqueous formation and the availability of the 

appropriate source water. In addition, infiltration rates can be increased 

through agricultural inputs management, for example, through minimum 

tillage practices or by advocating the use of cover crops. Besides 

augmenting aquifer recharge, these methods enhance health and reduce 

greenhouse gas emissions (Ayeni and  Olagoke-Komolafe., 2024). To 

optimize the achievement of aquifer recharge strategies, much attention 

should be paid to the planning process and involvement of different 

stakeholders, as well as the creation of relevant legal mechanisms. 

3.3. Pollution Prevention and Management 

Groundwater pollution poses a serious threat to human health and the 
environment. Effective management necessitates a comprehensive 
approach to pollution prevention and remediation. Agricultural runoff 
remains the biggest threat to groundwater contamination by pollutants; 
such as nitrates and pesticides (Ottoson et al., 2013). Policymaking to 
prevent agriculture runoff involves measures by one strategy that works 
together with another. These are encouraging conservation agriculture, 
reducing the use of fertilizers, and providing better ways of managing 
nutrients (Ottoson et al., 2013; Moklyachuk et al., 2016). Living strips or 
covers alongside water reservoirs can filter runoff before it affects 
underground water. Cover crops can also minimize soil erosion and 
nutrient loss. In addition, it is possible to reduce pesticide contamination 
of the groundwater through the amendment of legislation that existed in 
the user status and the promotion of education or training assessments for 
farmers (Guerrero et al., 2024). The operations of these policies must be 
complemented by strict enforcement machinery or measures as well as 
collaboration between the government, farmers, and other players (Wang  
and  Islam, 2022.  

While wastewater goes largely untreated and uncontrolled, the outcome is 
poor for the environment and poses a potential risk to water supply since 
it pollutes the water table. Proper tools of wastewater treatment are 
essential for safeguarding groundwater standards. Treatment purposes 
should suit the nature of the wastewater together with the physical, 
chemical, and biological conditions supporting the community (Ghaly et al., 
2021). This may include using physical, chemical, or biological techniques 
by which pollutants are eliminated from the water before it is released. 
There is a need to ensure that all wastewater treatment adheres to the 
minimum set quality standards (Zaki et al., 2021).  In addition, using 
recycled water, especially for irrigation, minimized water demand from 
groundwater sources and enhanced water sparing. Such action entails a lot 
of planning and coordination to avoid compromising public health and the 
environment while using the treated wastewater. Table 3 shows the 
summary table for strategies for effective groundwater management. 
Figure 6 scheme effective groundwater management. 

Table 3: Strategies for effective groundwater management. 

Authors Year Strategy for Effective Groundwater Management 

Tesfaldet et al. 2023 (2023) Implementing regular data collection to track groundwater levels and quality. 

Wilson et al. 2024 (2024) Implementing practices that ensure the long-term viability of groundwater resources. 

Vila-Carrasco et al., 2023. (2023) Technological Innovations: Utilizing new technologies for efficient water use and monitoring. 

Badenhop et al., 2010 (2010) Creating clear policies and regulations for groundwater extraction and usage. 
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Table 3(Cont.): Strategies for effective groundwater management. 

Arifuzzaman et al., 2024 (2024) Implementing financial incentives for water conservation and sustainable practices. 

Lee et al., 2019 (2019) Investing in infrastructure to enhance water management systems. 

Lee et al., 2019 (2019) Promoting public awareness and education on sustainable groundwater use. 

Ottoson et al., 2013 (2013) Pollution Prevention: Establishing measures to prevent contamination from various sources. 

Figure 6: Scheme effective Groundwater management. 

4. Policy and Institutional Framework

A robust policy and institutional framework is essential for effective 
groundwater management. 

4.1. Existing laws and regulatory management. 

A general analysis of the current national and local legislation on 
groundwater management in Iraq is crucial to assess their adequacy and 
identify gaps. This review should consider two legal structures on 
groundwater extraction, allocation, and protection (Sulaiman et al., 2022). 

The review should also examine the enforcement mechanisms connected 
with these policies and identify areas where improvements are needed. It 
should also evaluate the institutions' ability to implement and enforce 
these policies, a process usually associated with various difficulties in 
developed nations (Meshesha and  Abdi, 2019. The existing legal and 
institutional setting should be assessed in light of the normative rules of 
the international community for sustainable and sound groundwater 
consumption. This review would help formulate new and better policies 
and regulations for the country that are more comprehensive and effective 
than those existing now and are on par with those of other countries. 

4.2. Integrated Water Resource Management (IWRM) 

Integrated Water Resource Management (IWRM) is a holistic approach to 
water management that examines the interconnectedness of different 
water resources and uses. According to the principles of IWRM, the process 
pays much attention to stakeholder participation in the decision-making 
process (Davis, M., 2007; Wilkinson et al., 2015). These are government 
ministries, departments, and agencies; the local population; and private 
organizations. Based on water availability, necessity, efficiency, and 
environmental, social, and economic aspects, IWRM has become an 
influential strategy for water management (Aquino et al., 2023). In Iraq's 
case, IWRM is applicable because of the competing water supply and 
demand resulting from the diverse hydrogeological nature and the 
pressures from water use sectors (agricultural and industrial), and 
domestic. Applying IWRM in this regard can assist in achieving rational use 
of water, especially in groundwater resource utilization, without 
compromising future requirements and any impairment to the earth's 
ecosystem (Katusiime  and  Schtt, 2020). This involves changing the 
fragmented, sectoral approach to a more coherent and planned strategy. 

To achieve the goal of IWRM in Iraq, there is a need to enhance cooperation 

between the government and the NGOs. Official bodies can enforce policies 

and standards due to their power and financial means, while NGOs may 

become key to community mobilization, capacity awareness, and 

monitoring. Stakeholder engagement can bring together information and 

knowledge for implementing IWRM activities that are efficient and 

sustainable. It should also define the reporting lines and the interfaces for 

synchronizing coordination at different organizations. It stated that the 

participation of NGOs in the management of accessible water resources 

increases the chances of management success due to high levels of 

accountability and, therefore, public confidence (Katusiime  and  Schtt,  

2021). Collaborative efforts are essential for integrating IWRM principles, 

and all stakeholders must be committed to transforming the vision into 

reality. Table 4 shows the policy and institution framework. Figure 7 shows 

the policy and institutional framework for groundwater. 

Table 4: Policy and Institution Framework. 

Authors Year Key Aspects of Policy and Institution Framework 

Sulaiman et al., 2022 (2022) Review of existing laws governing groundwater extraction, allocation, and protection. 

Meshesha et al., 2019 (2019) 
Assessment of the effectiveness of enforcement mechanisms related to groundwater 

policies. 

Davis et al., 2007 (2007) 
Evaluation of institutions ability to implement and enforce groundwater management 

policies. 

Wilkinson et al., 2015 (2015) 
Importance of involving various stakeholder in the policy-making process for 

groundwater management. 

Aquino et al., 2023 (2023) 
Adoption of integrated approaches that consider social, economic, and environmental 

factors in policy frameworks. 

Katusiime et al., 2020. (2020) 
Transparency and Accountability: Emphasis on transparency in decision-making and 

accountability of institutions managing groundwater resources. 

5. Community Engagement and Education in Groundwater 

Management 

5. 1. The Role of Local Communities in Groundwater Management 

The sustainable management of groundwater resources hinges critically 

on the active involvement of local communities (Maheshwari et al., 2014; 

Maldonado et al., 2018;Taylor et al., 2009). They ascribe considerable 

credibility to customary water use practices, local hydrological processes, 

and realities of the socio-economics of natural resources; this knowledge 

holds invaluable resource governance (Krishnan et al., 2020). Figure 7: Policy and institutional framework for Groundwater 
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Lack of consideration of this local knowledge results in poor practice and 
various clashes of interest. It is recommended that a multidisciplinary 
methodology that combines the best scientific knowledge with indigenous 
ideas is required to preserve the groundwater. Furthermore, the 
combination of traditional ecological knowledge (TEK) with scientific 
methods is essential for a holistic understanding of the socio-hydrological 
system and for designing appropriate interventions (Lpez, 2014; Caro-
Borrero et al., 2017). Analyses of successful case studies demonstrate a 
great need for discussions and cooperation between local communities, 
NGOs, and government agencies to discuss practices for sustainable usage 
of ground waters. Experience in community-based groundwater 
management has also shown that sound local institutions and usage 
organizations support sustainability. 

Stakeholder engagements in the management of groundwater are 
extremely crucial, as stated by (Blomquist et al., 2005; Endo, 2020; Megdal 
et al., 2017). A comprehensive approach to groundwater management 
requires the involvement of various stakeholders, including the 
community, farmers, government bodies, researchers, non-governmental 
organizations, and the private sector. Every stakeholder has a specific 
view, experience, and concern. Every stakeholder has its own wanted 
outcome. This situation could result in problems such as conflict, 
mismanagement, poverty, and, therefore, unsustainable utilization of 
groundwater (Walter, 2013). Stakeholder management entails initiating 
channels so stakeholders can freely communicate, be involved in decision-
making processes, and hold responsibility for handling groundwater. This 
mandates the dissemination of information, identification of modes of 
communication, and ways of handling disputes between different 
stakeholders. The process should also necessitate capacity-building 
interventions to influence local communities to improve their engagement 
in groundwater usage (Gomes et al., 2018).  A cross-sectional comparison 
of different institutional systems of river basin management demonstrates 
how the engagement of stakeholders for basin management can be better 
coordinated to promote better-integrated resource management. 
However, some questions appear regarding both the fair inclusion of 
stakeholders and the exclusion of elite capture, especially in the particular 
conditions of the power imbalance. 

5. 2. Awareness and Education Campaigns 

Education of the people on the need to protect and use water, especially 
groundwater, is essential for long-term results (Unterbruner et al., 
2015;Muhammad and  Amal, 2020). Public awareness programs are useful 
in ensuring people use appropriate water in society (Esfandiari et al., 
2022). Such campaigns should be culturally more subtly and include such 
groups as farmers, schoolchildren, and other populations (Little et al., 
2016). Appropriate education programs employ different approaches, 
such as multimedia learning programs, PRA activities, door-to-door 
campaigns, workshops, and community events. These programs should 
include general ideas concerning groundwater hydrology, information 
about efficient water usage, and ways to involve people in observing and 
protecting water resources. The gamification techniques can further 
enhance engagement and knowledge retention, particularly among 
younger audiences (Di Paolo and  Pizziol, 2024). Religious-centric 
approaches can also be used to disseminate water management campaigns 
in some parts of the world. The impact of such campaigns depends on 
several factors, which include the quality of the educational materials to be 
used, the coverage to be achieved by these campaigns, and the extent of 
community participation. However, correcting the misperceptions and 
raising public awareness concerning groundwater is important for the 
informed decision-making of society and rational use of water resources 
(Dermatas, 2017). Moreover, including water education in school systems 
can enhance responsible water use standards from childhood (Ankaya and 
Ien, 2015; Masirin et al., 2020Y). Figure 8 shows Community Engagement 
in Groundwater Management. 

Figure 8: Community Engagement in Groundwater Management. 

6. CASE STUDIES AND BEST PRACTICES

6.1. Successful Groundwater Management Examples 

Numerous successful groundwater management initiatives showcase the 
effectiveness of community engagement and education (Maheshwari et al., 
2014; Maldonado et al., 2018; Taylor et al., 2009). The MARVI project in 
Gujarat and Rajasthan highlighted how research from the natural sciences 
can be combined with local involvement as an effective transdisciplinary 
strategy (Maheshwari et al., 2014). This successfully led to incidences of a 
participative method being developed, local volunteers (Bhujal Jankaars) 
being trained, and a variety of community participation practices being 
present (Maheshwari et al., 2014). Likewise, the community-supported 
groundwater observation system in Rocky View County, Alberta, Canada, 
shows that it is possible to start and maintain a vast community science 
program for sustainable groundwater management (Little et al., 2016).  
The assessments were conducted by university researchers with county 
staff's active participation and involving community volunteers; the 
project produced new long-term data sets (Little et al., 2016).  In the socio-
groundwater system, Yucatan Peninsula, Mexico, the research work 
categorized the toolbox as material flow analysis, mental model 
contribution, and community conservation (Maldonado et al., 2018). This 
approach was transdisciplinary, which encouraged stakeholders from 
different sectors to participate in enhancing the management of 
groundwater resources (Ghaly et al.,  2021).On the other hand, a survey of 
experiences in Ontario, Canada, underscored certain difficulties in 
harmonizing several investigation programs focused at a community level 
(Taylor et al., 2009).  This is why there is a need for more convergence, or 
what we call the ascendancy of the state, in water research within 
communities.  

Studies of successful groundwater management initiatives, specifically 
within Iraq, show that the principles and best practices discussed apply to 
similar arid and semi-arid regions facing water scarcity (Al-Jawad et al., 
2019; Chowdhury, 2021). For instance, water scarcity, development 
pressure, and climatic change effects affect the Diyala River Basin in Iraq 
(Al-Jawad et al., 2019).  Optimization modeling provides potential and 
more efficient management situations about sustainable solutions and 
future forecasts to aid decisions (Al-Jawad et al., 2019). Nevertheless, the 
present study revealed that research on constructing a water stress 
reduction approach based on a sustainability framework is still rare ( Al-
Jawad et al., 2019).  

In Bangladesh, over-abstraction of groundwater for irrigation is an issue. 
One can add the over-abstraction of groundwater for irrigation purposes 
to this list. Therefore, a high rainfall-dependent irrigated dry-season rice 
crop and a near-zero marginal cost of irrigation are partly to blame for this 
sustained practice (Chowdhury, 2021). Education policy reforms and 
developing people-centered frameworks that include all the principals 
help solve this crisis (Chowdhury, 2021). Along similar lines, the case of 
the Jaguaribe River Basin in Brazil shows that strong political support over 
the years provides the basis for effective water resources management 
reform and decentralization (Formiga-Johnsson and  Kemper, 2005). It 
confirms that despite unfavorable initial conditions, decentralization can 
also be accomplished with appropriate institutional adaptations and 
higher levels of stakeholder involvement (Formiga-Johnsson and  Kemper, 
2005). It also highlighted the relevance of the science of participatory 
approaches to enhance community involvement and contribute toward 
sound policy accords (Maheshwari et al., 2014; Maldonado, López, 
and  Cristina, 2018; Formiga-Johnsson and  Kemper, 2005). 

6.2. Lessons Learned from Other Countries 

Comparative analyses of groundwater management strategies across 
different countries reveal valuable lessons (Blomquist et al., 2005; Braune, 
and Xu, 2019; Santos et al., 2023; Albati, F. M., 2023). As the Australian case 
about the management of the Great Artesian Basin has demonstrated , it 
becomes apparent that accurate and timely information disclosure, the 
flexibility of management systems, and stakeholders’ engagement (Little et 
al., 2016). On the other hand, experience from the successful use of aquifer 
injection using coal seam gas-produced water in the Surat CMA, 
Queensland, Australia, and the Powder River Basin, Wyoming, has given a 
glimpse of the regulatory instruments that can foster the protection of 
valuable groundwater resources (Robertson, 2019). 

In Southern Africa, the difficulties inherent to the implementation of the 

links between groundwater management and sectors dependent on water 

from aquifers, like agriculture and rural development, demonstrate that 

the construction of national, regional, and local systems must be the result 
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of a long process of evolution within a global strategic IWRM framework 

(Robertson, 2019). The analysis of the socio-groundwater system in 

Yucatan, Mexico, illustrates that collaboration with the local actors is also 

needed other than the technical approach. The study also reveals the 

shortcomings of the hydrological-only models and single discipline 

method. In Portugal, the survey on population knowledge about 

sustainable water consumption has shown a high practice but a low 

knowledge of water recycling  (Figueiredo et al., 2024). This underlines the 

fact that to educate the public about the proper use of water and encourage 

sustainable practices, it is now necessary to work with a special focus on 

particular communities and individuals (Figueiredo et al.,  2024). Some 

investigations in India stress consumer behavior as the most significant 

determinant of sustainable water consumption (Dermatas, 2017). Some  

recommendations for the actionable plan proposed in the study are 

Storage and conservation, recycling, and stakeholders. Moreover, last but  

not least, there is public participation (Ginwal  and  Kumar,  2023). 

Privatization of the management of groundwater provision has been 
adopted in Saudi Arabia as a climate-resilient approach to coping with 
water scarcity. Prospective experiences of successful and unsuccessful 
environments in other nations can be valuable in introducing water 
privatization (Albati, 2023). These examples show that appropriate 
management of the groundwater resources means that the socio-
economic, cultural, and environmental conditions are to be considered; the 
scientific data used jointly with the local knowledge; the stakeholder 
involvement; and the effective policy-tools application. Table 4 shows the 
case studies and best practices in groundwater management. 

Table 5: Summary case studies and best practices in groundwater management. 

Author/s Case Study Location Key Features Outcomes 

Al-Jawad et al. (2019) Diyala River Basin Study Iraq 
water scarcity, development 
pressure, and climate change 

effects. 

Identification of optimization 
modeling for sustainable 
management solutions. 

Maheshwari et al. 
(2014) 

MARVI Project India 

Combination of natural 
sciences with local 

involvement; training local 
volunteers (Bhujal Jankaars) 

Effective transdisciplinary 
strategy leading to community 

participation practices. 

Maldonado et al. (2018) Groundwater System Mexico 
material flow, mental model, 
and community conservation 

stakeholder participation in 
groundwater management. 

Little et al. (2016) 
Community-Supported 

Observation 
Canada 

Involvement of university 
researchers, county staff, and 

community volunteers 

Creation of long-term data sets 
for sustainable groundwater 

management 

Chowdhury  (2021) Over-Abstraction Issue Bangladesh 
High rainfall-dependent 

irrigation practices leading to 
groundwater over-abstraction. 

Need for education policy 
reforms and people-centered 

frameworks to address the 
crisis. 

Formiga et al. (2005) 
Jaguaribe River Basin 

Case 
Brazil 

Strong political support for 
water resource management 
reform and decentralization. 

Successful decentralization and 
enhanced community 
involvement in water 

management. 

Braune et al. (2019) 
Groundwater System 

Analysis 
Southern Africa 

integration of groundwater 
management with agriculture 

and rural development. 

The need for a long-term 
evolution of management 

systems within IWRM. 

Robertson (2019) 
Great Artesian Basin 

Management 
Australia 

Accurate information 
disclosure, flexible 

management systems, 
stakeholder engagement. 

Improved groundwater 
management practices. 

Figueiredo et al. (2024) Knowledge Survey Portugal 
High of sustainable practices 
but low knowledge of water 

recycling. 

improve public understanding 
of water recycling. 

7. CONCLUSION

In conclusion, addressing the complex challenges of groundwater use in 

Iraq requires a comprehensive and multifaceted approach. Key 

considerations for effective groundwater management include: 

i. A deep understanding of groundwater usage in Iraq is critical to 
addressing the intertwined challenges posed by climate change, 
declining surface water availability, and increasing water demand. 
This knowledge is essential for informed decision-making and 
sustainable resource management. 

ii. Effective strategy developments must incorporate not only 
scientific research but also the anthropological, cultural, economic, 
and environmental aspects that shape groundwater use in the 
country. A holistic view of these factors will foster more practical
and context-specific solutions. 

iii. Stakeholder Engagement: Engaging all relevant stakeholders— 
including government agencies, local communities, industries, and 
water users—is essential for developing groundwater 
management strategies that are both inclusive and broadly 
supported. This collaborative approach fosters a sense of 
ownership and accountability, encouraging sustainable water 
resource use. 

iv. Establishing robust monitoring systems and using modern 

technologies to collect and analyze real-time data on groundwater 

levels, quality, and usage will greatly enhance decision-making 

processes. This data-driven approach ensures that groundwater 

resources are used efficiently and sustainably. 

v. Strengthening cooperation with local communities and fostering a 

sense of shared responsibility will lead to more effective 

management practices. Community engagement is essential for 

raising awareness about the importance of water conservation and 

the long-term sustainability of groundwater. 

vi. Emphasizing future-focused strategies to prioritize groundwater 

conservation will enable Iraq to meet its agricultural, economic, 

and domestic water needs while safeguarding this crucial resource 

for future generations. 

vii. To promote the long-term sustainability of groundwater resources 

in the region, the Network-Based Learning Approach is essential 

for ongoing knowledge sharing, capacity building, and adaptation 

to new challenges in groundwater management. 
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By focusing on these areas, Iraq can enhance its groundwater management, 
ensuring availability for future generations while supporting agricultural 
productivity and economic growth in an increasingly water-scarce 
environment. 
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