Journal of Natural Science Review

Vol. 4, No. 2, 2026
https://kujnsr.com
e-ISSN: 3006-7804

GIS-Based Assessment of Groundwater Depletion from Mechanical
Extraction and Climate Change in Dasht-e-Barchi, Kabul

Fazalhaq Hassanzay“**, Hematullah Shirzai?, Abdullah Sharifi3

*Kabul University, Hydrometeorology Department, Geosciences Faculty, Kabul, Afghanistan
2 Norwegian Afghanistan Committee (NRC), Kabul, Climate Change Officer, Afghanistan
3 Climate Change and DRR Officer, World Bank Group (WBG), Kabul, Afghanistan

““E-mail: hass.fazalhag@gmail.com (corresponding author)

ABSTRACT ARTICLE INFO

Groundwater is the primary source of water for domestic use and urban Article history:
agriculture in Kabul, Afghanistan, yet it is increasingly threatened by
intensive mechanical extraction and climate variability. In rapidly
urbanizing areas such as Dasht-e-Barchi, groundwater decline has
accelerated in recent years, while detailed spatial assessments of this
process remain limited. This study aims to evaluate changes in Published: June, 30, 2026
groundwater levels over time and to examine the combined influence of
mechanical water extraction and climate variability on groundwater
resources in Dasht-e-Barchi. Groundwater level data from monitoring
wells for 2008 and 2022 were analyzed using GIS techniques. Inverse
distance weighting interpolation was applied to generate spatial
groundwater depth maps, allowing comparison of temporal changes
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across the study area. Field surveys and questionnaire data were used to
support spatial analysis and identify the dominant drivers of groundwater Climate variability; Groundwater
extraction. The results indicate a substantial decline in groundwater levels depletion; Geographic
over the study period, with maximum depths increasing from information system; Mechanical
approximately 45 meters to more than g5 meters in several locations. water extraction; Urban

Areas with intensive greenhouse cultivation and widespread use of
pumping technologies experienced the most pronounced declines. These
findings suggest that unregulated mechanical extraction, combined with
reduced recharge associated with climate variability, has significantly
contributed to groundwater depletion. The study highlights the need for
improved groundwater monitoring, regulation of extraction practices, and
integration of spatial analysis into water resource management to support
long-term sustainability in urban and peri-urban areas of Kabul.
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INTRODUCTION

Climate change is one of the most critical global challenges, exerting profound impacts on
water resources, agriculture, ecosystems, and socioeconomic systems worldwide. Rising
temperatures, altered precipitation patterns, and increased climate variability have
intensified pressure on groundwater systems, particularly in arid and semi-arid regions where
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groundwater plays a vital role in sustaining livelihoods and food production (Zhao et al., 2019;
Kala, 2017; Silva & Kawasaki, 2018). Groundwater stress has increasingly been linked not only
to climatic factors but also to rapid urbanization, expansion of urban and peri-urban
agriculture, and unsustainable abstraction practices. In many regions, climate-induced
droughts reduce surface water availability, forcing communities to rely heavily on
groundwater as a buffer resource (Ziolkowska, 2016; Mukherjee et al., 2018).

Afghanistan, a landlocked country in South Asia, is highly vulnerable to climate change
due to its complex topography, limited water storage infrastructure, and heavy dependence
on climate-sensitive natural resources. The country experiences multiple natural hazards,
including droughts, floods, earthquakes, landslides, and avalanches, with drought being the
most frequent and destructive (Usmani, 2020). Annual precipitation in Afghanistan ranges
between 200 and 400 mm, making effective groundwater management and climate
adaptation strategies essential for water security (Qutbudin et al., 2019). Climate records
indicate that since 1960, the country’s average temperature has increased by approximately
0.29°C per decade, while average precipitation has declined by about 2% per decade(Aliyar
etal., 2022). As surface water resources become increasingly unreliable, Afghan communities
have become heavily dependent on groundwater for domestic use and agriculture. This
dependency, combined with limited regulatory control over abstraction, has intensified
groundwater depletion across urban and peri-urban areas (Daniell et al., 2016; Igbal et al.,
2016). FAO projections suggest that by 2040, Afghanistan will face severe water scarcity, and
by 2050, nearly 9o% of the country may be affected by climate change impacts (Qutbudin et
al., 2019).

Climate change contributes to prolonged drought conditions across large geographic
areas, amplifying water scarcity and increasing competition among domestic, agricultural,
and industrial water users (Seleiman et al., 2021). These compounded pressures pose serious
threats to global food and water security and disproportionately affect vulnerable
populations, particularly women and children (Ward et al., 2013; Enenkel et al., 2020;
Ngcamu & Chari, 2020).

Kabul Province, located in central Afghanistan, has a semi-arid climate and is particularly
vulnerable to climate change impacts, driven by rapid population growth and increasing
water demand (Qutbudin et al., 2019; Sarwary et al., 2022). Dasht-e-Barchi, one of the most
densely populated areas of Kabul, receives approximately 390 mm of annual precipitation,
with considerable spatial and temporal variability (Mercado, 2020). In recent years, Dasht-e-
Barchi area of Kabul province has experienced rapid expansion of greenhouse-based
agriculture, particularly cucumber production, which relies heavily on groundwater extracted
through solar-powered pumping systems. The widespread use of mechanical pumping has
significantly increased groundwater abstraction rates beyond natural recharge capacity
(Kugbei et al., 2005). As a result of the combined effects of climate change—induced
precipitation variability and intensive mechanical groundwater extraction, groundwater
levels in Dasht-e-Barchi have declined dramatically, ranging from approximately 15 m to
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more than 120 m in some locations (Mercado, 2020). This decline has led to reduced water
availability, declining agricultural productivity, and deterioration of community livelihoods.
Reports indicate that over the past six years, groundwater levels have dropped by nearly 100
m, resulting in an estimated 50% reduction in agricultural production and exacerbating
poverty and food insecurity in the area (Rural & Regeneration, 2015). Dasht-e-Barchi, located
in Kabul city, has become a major center of cucumber greenhouse agriculture, where
groundwater is intensively extracted through mechanical pumping systems to support
irrigation. The rapid expansion of greenhouse farming, together with largely unregulated
groundwater abstraction, has placed substantial pressure on local groundwater resources.
Simultaneously, climate change-related factors, including rising temperatures and
decreasing rainfall, have reduced natural groundwater recharge, thereby accelerating
groundwater depletion. This combined pressure has resulted in a continuous decline in
groundwater levels, threatening the long-term availability of water for both agricultural
production and domestic use, with potential consequences for ecosystem stability,
agricultural sustainability, and water security. Despite the seriousness of this issue,
systematic GIS-based spatial analyses that quantify groundwater level decline and examine
its relationship with land-use patterns, population growth, climate variability, and
mechanical water extraction remain limited in Dasht-e-Barchi. In response to this gap, the
present study aims to assess the impacts of mechanical groundwater extraction and climate
change on groundwater resources in the Dasht-e-Barchi area of Kabul province by applying
Geographic Information System techniques. Specifically, the research seeks to quantify
changes in groundwater levels between 2008 and 2022, analyze the spatial patterns of
groundwater depletion, and evaluate the combined influence of climate variability and
mechanical pumping on groundwater level decline, thereby providing evidence to support
sustainable groundwater management and climate adaptation strategies in Kabul.

Despite increasing groundwater abstraction and growing climate stress in Kabul’s urban
and peri-urban districts, limited GIS-based studies have quantitatively assessed the
combined impacts of climate change and mechanical groundwater extraction at the district
scale. Most existing studies address climate change or groundwater depletion separately,
without integrating spatial analysis to capture their interaction. Therefore, this study aims to:

Evaluate the adverse impacts of mechanical water extraction and climate change on
groundwater resources in the Dasht-e-Barchi area of Kabul Province using Geographic
Information System (GIS) techniques, and to propose evidence-based mitigation and
management strategies for sustainable groundwater use under changing climatic conditions.

By analyzing spatial variations in groundwater levels, the study seeks to provide
evidence-based insights and to propose practical mitigation and management strategies to
support sustainable groundwater use under changing climatic conditions.
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METHODS AND MATERIALS

This study employs an analytical-descriptive approach to investigate the impacts of
mechanical water extraction and climate change on groundwater resources in the Dasht-e-
Barchi area of Kabul Province. The methodology integrates spatial analysis with Geographic
Information System (GIS) techniques to provide a comprehensive understanding of
groundwater dynamics.

Research Design

This study adopts a mixed-method research approach, integrating quantitative spatial
analysis with qualitative and survey-based data to comprehensively assess groundwater
depletion in the Dasht-e-Barchi area of Kabul Province. The integration of Geographic
Information System (GIS) techniques and questionnaire-based data enables both spatial
quantification of groundwater changes and contextual understanding of human and climatic
drivers.

Groundwater level data were collected from 100 observations and pumping wells
distributed across the Dasht-e-Barchi area for the period 2008-2022. These data were used
to analyze temporal changes in groundwater levels and to generate spatial groundwater
depth mapsin GIS.

To interpolate groundwater levels between measured wells, the Inverse Distance
Weighting (IDW) interpolation method was applied due to its suitability for groundwater
studies in data-scarce environments. The IDW method assumes that the influence of a known
data point decreases with increasing distance from the prediction location.

The IDW interpolation was performed using the following formula:

M Z(x)d;”

" P
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Z(xo) = (1)

where:
- Z(xp)is the estimated groundwater level at an unsampled location,
- Z(x;)represents the groundwater level at known locations,
- d;isthe distance between the known point and the prediction location,
- pisthe power parameter, and
- nisthe number of surrounding wells used in the interpolation.

To evaluate the reliability of IDW interpolation, cross-validation was used by comparing
observed groundwater levels with predicted values at selected wells. Prediction errors were
assessed using descriptive error indicators, such as mean error and root-mean-square error
(RMSE), which provide insight into interpolation uncertainty. Also, a power parameter of p =
2 was used, and the 12 nearest wells were considered for interpolation.
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Quantitative data were also collected through a structured questionnaire survey, which
consisted of three sections:

1. groundwater uses and pumping practices,
2. agricultural activities and greenhouse irrigation methods,
3. perceived impacts of climate variability on water availability and livelihoods.

Survey respondents included farmers, greenhouse operators, and residents. The
questionnaire data were statistically summarized and directly linked to GIS results by
comparing reported pumping intensity and land-use practices with spatial patterns of
groundwater depletion.

Study Area

Kabul, the largest city in Afghanistan, is the capital with a population of 4.5 million and the
fifth-fastest-growing city in the world (ADB). It is located in the eastern part of the country. It
sits at an altitude of approximately 1,790 meters (5,873 feet) above sea level, located along
the Kabul River.

Kabul city is divided into 22 municipal districts, most of which are facing drinking water
scarcity due to the depletion of groundwater, which is the main source of water supply. In
District 13, farmers have initiated cucumber greenhouses that rely on groundwater for
irrigation.
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Figure 1. Study Area Map

Cucumber greenhouses are an important agricultural practice globally, significantly
enhancing productivity. However, their environmental impacts are substantial, particularly
regarding groundwater extraction and the potential consequences of climate change.
Groundwater extraction for irrigation in cucumber greenhouses can deplete local aquifers,
thereby affecting long-term water availability. Moreover, the greenhouse effect, along with
changes in temperature and precipitation patterns driven by climate change, can further
exacerbate water scarcity and disrupt the delicate balance of local ecosystems.
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Data collection

This study's primary data were collected through semi-structured interviews and focus group
discussions with stakeholders, experts, and local community members to explore
groundwater levels and contextual factors. In addition, secondary data collected from books,
publications, and national and international articleswere utilized in this study. The descriptive
analysisis conducted using SPSS, while Microsoft Excel is used to generate charts and graphs.
In addition, a Geographic Information System (GIS) is used to map the study area,
groundwater, and IDW.

Data collection tools

e Semi-structured interviews with stakeholders, experts, and local community
members to gather qualitative insights on groundwater levels and contextual
factors.

e Focus group discussions to capture collective perspectives and community
experiences related to water extraction and climate impacts.

e Secondary sources including books, publications, and national and international
articles to provide background information and support comparative analysis.

e GIS tools for spatial mapping of the study area, groundwater distribution, and
interpolation using Inverse Distance Weighting (IDW).

Data analysis

e Descriptive analysis conducted with SPSS to summarize and interpret qualitative
and quantitative data.

e Microsoft Excel used to generate charts and graphs that illustrate trends and
patterns in groundwater levels and climate variables.

e GIS-based spatial analysis applied to map the study area, visualize groundwater
distribution, and perform IDW interpolation for spatial variation assessment.

FINDINGS

For data processing and spatial analysis, the Inverse Distance Weighting (IDW) interpolation
method was applied using piezometric well observation data for 2008 and 2022 (MEW) and
population data for 2022 (NSIA). The groundwater depth derived from 2008 data shows clear
spatial variability across the study area, ranging from approximately 1.8 m to 30 m. Shallow
groundwater levels are predominantly observed in the central and southeastern zones, while
deeper groundwater levels occur in the western and northwestern areas, particularly within
the PD-13 boundary.
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The density of piezometric wells is higher in the central and eastern parts of the study area,
resulting in greater interpolation reliabilityln contrast, zones with fewer observation wells
exhibit increased uncertainty. Areas with a high concentration of cucumber greenhouses
within PD-13 coincide spatially with deeper groundwater levels, indicating intensive
groundwater abstraction.

Legend

«  Piezometric Well [ ] 30.01-40.00

{1 Terget Area [] 40.01 -s0.00

{1 PD 13 Boundary []s0.01-60.00

N - [ ] eoc.01-70.00

Kabul City IDW 2008 (m) [ ] 70.01-80.00

[ 1.799 - 10.00 [ ] s0.01 -90.00

"] 10.01-20.00 [ so.01 - 100.0

I’nﬁ 25 s 0 15 —I [ ] =2001-3000 I 100.1 - 1100

Figure 2. 13" District water level, 2008

The observed spatial pattern reflects the combined influence of mechanical groundwater
pumping, land use change, and population pressure. This finding is consistent with studies
(Qutbudin et al. 2019), which reported declining groundwater levels in the Kabul Basin due to
reduced recharge under changing precipitation regimes (Mukherjee et al. 2018; Ziolkowska
2016), and with studies (Ziolkowska 2016) that highlighted the role of agricultural
intensification in accelerating groundwater depletion in semi-arid urban environments.

Overall, the east-west gradient in groundwater depth aligns with hydrogeological
conditions and increasing urban water demand, suggesting that groundwater depletion in
Dasht-e-Barchi is largely driven by human activities rather than natural variability alone.
Without improved regulation of groundwater extraction and strengthened monitoring
networks, groundwater sustainability in the area is likely to continue to deteriorate.
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The groundwater depth map for 2022, generated using the IDW interpolation method
based on piezometric well data, shows substantial spatial variability across the study area.
Groundwater depths generally range from approximately 4—10 m in shallow zones to more
than 30 m in deeper areas. Shallower groundwater conditions are mainly concentrated in the
eastern and southeastern parts of the area, while moderate to deep groundwater levels
dominate the central and western sections, particularly within and around the PD-13
boundary. Several localized hotspots of deeper groundwater are evident, indicating areas of
increased abstraction or reduced recharge. The higher density of observation wells in central
and eastern zones enhances interpolation reliability, whereas areas with fewer wells exhibit
higher uncertainty (Qutbudin et al., 2019; Mukherjee et al., 2018).
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Figure 3. Population Density in the 13 District
The observed spatial patterns of groundwater depth are largely influenced by human

activities, particularly intensive cucumber greenhouse cultivation, where mechanical
irrigation pumps are widespread. These findings align with studies in semi-arid urban
environments, which indicate that unregulated groundwater abstraction combined with
reduced natural recharge accelerates groundwater depletion (Ziolkowska, 2016; Ward et al.,
2013). Urban expansion and increased agricultural water demand have further constrained
recharge zones, intensifying groundwater stress in Dasht-e-Barchi. Overall, the results
highlight the growing risks of groundwater depletion and underscore the need for regulated
pumping, improved monitoring, and sustainable groundwater management practices
(Hermans & McLeman, 2021).
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The GIS-based map of Dasht-e-Barchi (PD-13) illustrates significant spatial variation in
groundwater depths across the district. Groundwater levels, measured via piezometric wells,
range from 4.38 m to 1120 m. Shallow groundwater, generally between 30-60 m, is observed
in the western and central parts, whereas the northern and northeastern areas show much
deeper groundwater levels, between 8o—110 m. The map also indicates the locations of
cucumber greenhouses, many of which are situated above shallow to moderate groundwater
zones. Monitoring well distribution is denser in high extraction areas, ensuring reliable
observation of groundwater trends. Overall, the GIS analysis provides essential spatial data
for assessing groundwater distribution and identifying stressed zones.
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Figure 4. 13" District water level, 2022
The observed groundwater patterns are primarily influenced by intensive human activity,
particularly irrigation for cucumber greenhouses. Areas with deeper groundwater likely
reflect over-extraction or limited natural recharge due to geological constraints. This aligns
with previous studies showing that agricultural intensification and high-water demand in
semi-arid urban environments accelerate groundwater depletion (Qutbudin et al., 201g;
Mukherjee et al., 2018).

The concentration of monitoring wells in high-extraction zones supports accurate
tracking of vulnerable areas but highlights the need for expanded observation networks in
less-monitored regions. Sustainable groundwater management, including regulated
irrigation and water-saving practices, is essential to preserve water resources in Dasht-e-
Barchi. Similar findings in South Asian semi-arid regions emphasize the combined impact of
human extraction and climate variability on groundwater stress (Ziolkowska, 2016; Ward et
al., 2013).
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Figure 5. Groundwater Depth Variation by Well (2008 - 2022)

Figure 5 presents groundwater levels measured from various piezometric wells in Dasht-
e-Barchi. Groundwater depths range from approximately 10 m to g5 m, showing substantial
spatial variation across the district. Shallow wells, at depths of 20-30 m, are mainly located in
central and western areasin contrast, deeper wells, up to 95 m, are found in other zones,
potentially indicating intensive water extraction or naturally deeper groundwater. The
average water table, indicated by a red dashed line, is approximately 42—43 m, distinguishing
shallow from deeper groundwater. Overall, the graph highlights areas where groundwater
may be under stress due to depth variations.

The variation in groundwater depth reflects both human-induced and natural factors.
Shallow groundwater areas may be more vulnerable to intensive irrigation, such as from
cucumber greenhouses, while deep wells indicate regions of over-extraction. This pattern is
consistent with findings by Qutbudin et al. (2019), who reported that unregulated
groundwater pumping, combined with reduced recharge under changing precipitation
regimes, accelerates groundwater depletion in the Kabul Basin. (Mukherjee et al. 2018;
Ziolkowska 2016) emphasize that semi-arid urban regions with intensive agriculture are
particularly prone to groundwater stress.

Identifying areas of deep and shallow groundwater is crucial for targeted management,
including regulated pumping, monitoring, and sustainable irrigation practices, to prevent
further depletion and maintain long-term water security in Dasht-Barchi.
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Figure 6. Water Table Depth Trend in Piezometric Wells (2008 - 2022)
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Figure 6 illustrates groundwater levels (water table depth in meters) measured at various
piezometric wells in Dasht-e-Barchi. The horizontal axis shows the well IDs, and the vertical
axis shows water table depth. Shallow groundwater, approximately 5—20 m deep, is observed
in the initial wells (left side of the graph), whereas deeper, more variable water levels,
reaching 8o—95 m, are recorded in later wells (right side). The red dashed line indicates the
overall trend, showing a gradual increase in depth from left to right, reflecting a decline in
groundwater levels across the study area.

The observed pattern indicates increasing groundwater stress from wells with shallow to
deeper water tables. Deeper wells likely correspond to areas of high extraction or limited
natural recharge, while shallower wells are more susceptible to intensive irrigation, such asin
cucumber greenhouses. The downward slope of the trend line confirms a spatial gradient of
groundwater depletion, which may result from a combination of geological variations,
unregulated pumping, and reduced recharge.

Table 1. Groundwater Level in Kabul City (2008-2022)

Groundwater Level in Kabul City

2008 2022

Lowest Highest Lowest Highest

45.3 1.78 95 6.13

Groundwater levels in Kabul City as it shown in table 1, have undergone significant
changes between 2008 and 2022, reflecting a clear trend of depletion. In 2008, the lowest
groundwater level was 45.3 m, and the highest was 1.78 m, indicating relatively accessible
groundwater across most parts of the city. By 2022, the lowest level had risen to 95 m, and
the highest reached 6.13 m, demonstrating a dramatic decline in groundwater availability
over 14 years. The sharp rise in minimum groundwater depth highlights areas of intensive
extraction, particularly in high-density urban zones.

Both human and natural factors drive the observed decline. Over-extraction from
residential, commercial, and agricultural wells, coupled with urban expansion, has increased
water demand. Reduced recharge due to changes in precipitation patterns, decreased
infiltration, and encroachment on natural recharge zones has further exacerbated
groundwater depletion. The moderate rise in the highest water levels suggests some shallow
aquifers remain, but they are increasingly limited.

399



Journal of Natural Science Review, 4(2), 389-406

As shown in Figure 7, the analysis of Kabul's average annual precipitation from 1979 to
2022 reveals substantial interannual variability and two distinct periods. During 1979-1999,
precipitation was relatively stable, fluctuating between approximately 230 mm and 420 mm
per year, with an average around 305-310 mm. In contrast, the period 2000-2022
experienced extreme variability, characterized by a sharp decline in 2000—2001, when
precipitation dropped to nearly 125 mm—a decrease of about 175 mm, or roughly 57% below
the long-term average—followed by recovery and occasional high precipitation events
reaching nearly 485 mm in 2020. Overall, while the long-term average precipitation remains
similar between the two periods, the second period shows intensified drought conditions,
greater fluctuations, and increased vulnerability to water scarcity, highlighting the growing
challenges in water resource management in Kabul.

Kabul average precipitation from (1979-2022)

Ave.Precipitation (mm/Year)

Figure 7. Kabul average precipitation from (1979-2022).

Figure 8 shows the analysis of Kabul’'s mean annual temperature from 1979 to 2022,
which indicates a clear warming trend, with the annual average temperature rising from
approximately 15 °C in the early 1980s to around 17.5 °C by 2022. During the period 1979—
1999, temperatures fluctuated around a lower mean of roughly 15.5 °C, with intermittent
peaks and dips, reflecting relative stability with minor warming. In contrast, the period 2000—
2022 shows a more pronounced and consistent increase in temperatures, averaging around
16.5 °C, with several years exceeding 17 °C, indicating an accelerated warming trend. The
linear trend line shows a steady upward slope, suggesting Incremental increase of roughly
2 degrees over the 44-year period. This comparison between the two periods indicates that
the post-2000 era has experienced a sharper and more sustained rise in annual temperatures,
signaling intensified climatic warming in Kabul over recent decades.

Kabul mean annual temperature incremental changes from 1979 to 2022
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Figure 8. Kabul mean annual temperature incremental changes from 1979 to
2022.
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DISCUSSION

The GIS-based assessment of groundwater in Dasht-e-Barchi, Kabul, demonstrates a marked
decline in groundwater levels between 2008 and 2022, with depths increasing from 45.3 m to
95 m in the lowest zones and from 1.78 m to 6.13 m in the shallowest areas. This trend
highlights severe aquifer depletion, primarily driven by intensive mechanical extraction and
insufficient natural recharge. These findings directly address the study’s objective of
assessing the impacts of water abstraction and climate change on groundwater resources,
while also revealing broader environmental and socio-economic consequences.

The results are consistent with Qutbudin et al. (2019), who identified changing precipitation
patterns and unregulated pumping as major contributors to aquifer stress in the Kabul Basin.
Similarly, Mukherjee et al. (2018) emphasized that urban growth and agricultural
intensification accelerate groundwater depletion, aligning with the observed pressures from
cucumber greenhouses and urban water demand in Dasht-e-Barchi. Beyond Afghanistan,
Aliyar et al. (2022) reported that farming households perceive drought as a critical threat,
often adopting short-term coping strategies rather than sustainable water management.
This resonates with the current study’s findings, where communities rely heavily on
groundwater without long-term conservation measures.

International comparisons further reinforce these conclusions. For instance, Antwi et al.
(2022) showed that effective communication of water availability improved conservation
behavior in Ireland, suggesting that public awareness campaigns could play a similar role in
Kabul. Likewise, Hermans & McLeman (2021) highlighted the linkages between drought, land
degradation, and migration, raising concerns that unchecked groundwater depletion in Kabul
could exacerbate rural-urban migration and socio-economic instability.

The deterioration of water quality, with elevated TDS, nitrates, and salts, mirrors findings
by Sarwary et al. (2022), who reported similar contamination trends in Ghazni City. Reduced
vegetation cover and ecosystem health observed in Dasht-e-Barchi also align with Seleiman
et al. (2021), who documented drought stress impacts on plant systems. Socially, the rising
costs and limited access to groundwater echo Jawid & Khadjavi (2019), who found that
external interventions often fail to adequately support vulnerable communities in adapting
to climate change.

While the study provides valuable insights, several limitations must be acknowledged.
First, the reliance on semi-structured interviews and focus groups introduces potential biases,
as perceptions may not fully capture hydrogeological realities. Second, secondary data
availability was limited, particularly for long-term climate records, which may affect the
precision of predictive GIS modeling. Third, the study focused on Dasht-e-Barchi, and while
findings are indicative of broader Kabul Basin trends, they may not fully represent other
regions with different hydrogeological conditions.

Future research should expand spatial coverage to include other districts of Kabul and
neighboring provinces, enabling comparative analysis across diverse aquifer systems.
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Incorporating advanced modeling techniques, such as coupled climate—hydrology models,
could improve predictions of groundwater responses under different climate scenarios.
Moreover, integrating socio-economic vulnerability assessments, as demonstrated by
Dumitragcu et al. (2018), would provide a more holistic understanding of community
resilience. Policy-oriented studies should also explore the feasibility of artificial recharge,
rainwater harvesting, and regulated extraction, building on frameworks proposed by Freire-
Gonzalez et al. (2017).

CONCLUSION

The combined effects of intensive mechanical extraction and climate variability drive the
observed decline in groundwater levels in Dasht-e-Barchi. The expansion of cucumber
greenhouse agriculture and the widespread use of deep and tube wells have caused
abstraction rates to exceed natural rechargeln contrast, urban expansion and concrete
infrastructure have reduced soil permeability and limited infiltration, further constraining
recharge zones.

Climate change has amplified these pressures by altering precipitation patterns, reducing
snowfall, increasing evaporation, and shortening rainy seasons, making aquifers more
vulnerable during dry periods. The rapid decline in groundwater has also led to deterioration
in water quality, with increased levels of nitrates, salts, and other contaminants.

Analysis of Kabul's climate data from 1979 to 2022 reinforces these observations.
Average annual precipitation exhibited substantial interannual variability and two distinct
periods: 1979—1999 showed relatively stable precipitation around 305-310 mm per year,
while 2000—2022 experienced extreme variability, including a sharp drop to nearly 1225 mm in
2000-2001 and occasional high precipitation events reaching 485 mm. Similarly, mean
annual temperatures indicate a clear warming trend, rising from approximately 15 °C in the
early 1980s to around 17.5 °C by 2022, with accelerated and sustained warming particularly
after 2000. These trends highlight intensified drought conditions, greater rainfall
fluctuations, and increased climate change, which exacerbate water scarcity and
groundwater stress in Kabul.

From a socio-environmental perspective, residents face higher water costs, limited
access, and disproportionate impacts on vulnerable groupsAt the same time, ecosystem
health is threatened through reduced vegetation, shrinking green spaces, drying springs, and
altered microclimates. Overall, current groundwater practices in Dasht-e-Barchi are
environmentally and socially unsustainable. This study highlights the urgent need for
regulated groundwater extraction, artificial recharge, sustainable urban planning, and
climate-adaptive water management strategies to ensure long-term water security, protect
livelihoods, and preserve ecosystem stability in Kabul City.

In light of the study’s findings, it is recommended that the Ministry of Energy and Water
regulate groundwater extraction through strict licensing and regular monitoring of deep and
tube wells to prevent overuse, while promoting aquifer recharge measures such as artificial
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basins, rainwater harvesting, and permeable pavements to enhance replenishment during
dry periods. The Ministry of Agriculture, Irrigation, and Livestock should adopt water-saving
irrigation technologies, including drip irrigation in cucumber greenhouses, to improve water
productivity and reduce stress on groundwater resources. The use of solar-powered irrigation
pumps should also be encouraged to lower energy costs and greenhouse gas emissions.
Finally, the Ministry of Energy and Water, in coordination with the National Environmental
Protection Agency, should implement GIS-based monitoring systems to track groundwater
levels, land use changes, and climate variables, enabling early warning and informed
decision-making for sustainable water management.
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