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Abstract

The estimation of snow load is vital for hazard assessment and disaster risk management in Southeastern

Afghanistan, a region distinguished by its high-elevation mountainous terrain and a high incidence of snow

avalanches. Due to the limited availability of ground-based observations, remote sensing techniques have been

widely utilized to analyze snow cover, avalanche frequency, and climatic trends. The Snow Avalanche Frequency

Estimation (SAFE) model, which employs Landsat satellite data, to emphasize remote sensing’s role in assessing

climatic has successfully mapped zones susceptible to avalanches over a span of 32 years. Recent advancements

in multispectral and passive microwave remote sensing technologies have significantly enhanced the evaluation

of snow-covered areas and snow water equivalent (SWE), thereby facilitating flood prediction and effective

water resource management. Climate change has intensified fluctuations in snowfall patterns, and consequently

elevating the risks associated with snow-related hazards. This study explores various methodologies for

estimating ground snow load, including empirical models, remote sensing applications, and machine learning

approaches. Furthermore, it examines risk assessment frameworks and mapping techniques aimed at improving

disaster preparedness. The findings underscore the necessity for region-specific modeling strategies and

enhanced data collection methods to tackle the challenges presented by climatic variability. Future research

should prioritize the integration of advanced geospatial technologies with in-situ measurements to improve the

accuracy of snow hazard predictions in the complex mountainous landscapes of Afghanistan.

Keywords: Estimation of snow load, remote sensing applications, impacts of climate change, risk assessment of snow avalanches, 

GIS-based hazard mapping, Southeastern Afghanistan.

Introduction

The estimation of snow load is essential for conducting

hazard assessments in Southeastern Afghanistan, pri-

marily due to the frequent occurrence of snow avalan-

ches in high-elevation mountainous regions. In respon-

se to the scarcity of ground-based observations within

this data-deficient area, remote sensing techniques have

been developed. The Snow Avalanche Frequency Esti-

mation (SAFE) model, which utilizes Landsat satellite.

data, has effectively mapped avalanche frequency and

identified as being within Afghanistan over a span of

32 years (Caiserman et al. al., 2022). Since 2004, annual

snow assessments employing multispectral and passive

microwave remote sensing have yielded valuable

insights into snow-covered areas and snow water equi-

valent within major watersheds (Daly et al., 2012).

These assessments are vital for understanding current

snow conditions and assessing potential flood risks.
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The application of remote sensing techniques addres-

ses snow avalanche hazard assessment critical data gaps

prevalent in the inaccessible regions of Afghanistan.

Southeastern Afghanistan is characterized by intricate

topography and challenging climatic conditions. The

region encompasses vast desert plains, towering moun-

tain ranges, including the Hindu Kush, and scattered

fertile valleys adjacent to significant rivers (Uhl, 2006).

The climate is predominantly arid, featu-ring cold,

snowy winters and hot, dry summers (Delmonaco and

Margottini, 2014). Provinces in this southeastern

region, such as Logar, Khost, Paktika, Paktia, Ghazni,

and Wardak, encounter particular challenges exacer-

bated by ongoing conflicts, limited governmental

authority, and complex physical geography (Groninger

and Lasko, 2011). Water resources are vital for

agricultural practices, with both surface and ground-

water utilized for irrigation purposes (Uhl, 2006).

However, improper land-use practices, overgrazing,

and recurrent droughts have contributed to deserti-

fication in numerous areas, particularly in the southwe-

stern plains (Hassanyar, 1977). Restoration initiatives

must tackle these challenges and develop comprehen-

sive revegetation plans that consider vegetation cover,

soil characteristics, topography, and climatic conditions

(Hassanyar, 1977). These studies underscore the pivotal

role of infrastructure in disaster management and

regional development. The establish-ment of adequate

infrastructure across transportation, telecommunica-

tions, energy, and water sectors is impe-rative for

facilitating global trade and attracting invest-ment

(Ratnayake and Sarkar, 2006).

Transportation infra-structure, in particular, is crucial

for the functio-ning of transport systems and

necessitates thorough post-disaster impact assessments

to ensure effective repair and reconstruction efforts

(Gajanayake et al., 2020). The Hindu Kush Himalaya

region, which encompasses parts of Afghanistan, is

highly susceptible to various natural hazards due to its

distinctive geographical and geological features (Vaidya

et al., 2019). The effects of climate change further

exacerbate the vulnerabilities faced by geotechnical

infrastructure, especially in transportation and flood

defense systems, potentially resulting in significant

disruptions and safety concerns (Vardon, 2015).

Collectively, these studies highlight the importance of

fostering regional cooperation, enhancing disaster risk

reduction strate-gies, and building resilient

infrastructure, particularly in hazard-prone areas such

as Southeastern Afghanistan.

Climatological factors affecting ground snow

load

The estimation of ground snow load in southeastern

Afghanistan is significantly influenced by a variety of

climatological factors. The deployment of remote

sensing techniques, including multispectral and

passive microwave technologies, plays a crucial role in

assessing snow conditions, particularly in areas where

ground-based observations are limited (Daly et al.,

2012). These methodologies facilitate the evaluation

of snow-covered areas, measurement of snow water

equivalent, and assessment of potential flooding risks.

By integrating local climatological data, such as snow

depth and daily temperature, with information obtain-

ned from first-order weather stations, it is possible to

estimate ground snow loads more accurately (Fridley

et al., 1994). Afghanistan's mountainous terrain expe-

riences cold, snowy winters paired with hot, dry

summers, and the wet season typically spans from

winter to early spring (Delmonaco & Margottini,

2014). Seasonal snow cover mapping utilizing satellite

imagery has illuminated the influence of the Indian

monsoon on snow distribution patterns and has

contributed to the assessment of avalanche hazards

within the region (Kravtsova, 1990).

Influence of temperature, wind, humidity, and

precipitation

Recent studies investigating climate change in

Afghanistan have identified significant trends in

temperature and precipitation across various regions,

including Kandahar and mountainous areas. These

investigations indicate that temperatures are exhibit-

ting an upward trend, with minimum temperatures

rising at a rate more rapid than that of maximum

temperatures (Mujtaba et al., 2022; Aliyar, 2024). Pre-

cipitation patterns are heterogeneous; some regions

are experiencing increases while others are seeing

decreases (Rehana et al., 2021). Specifically, the

northern, northeastern, and western zones are parti-

cularly vulnerable, facing reductions in precipitation

alongside rising temperatures, which suggests the

emergence of drier and warmer periods (Rehana et al.,

2021). Such climatic changes present substantial

challenges to Afghanistan's agriculture, water resour-

ces, and plant biodiversity (Mohammadi et al., 2024).

The country's subtropical characteristics render it

especially susceptible to the adverse impacts of clima-
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te change, including severe droughts, floods, and water

scarcity (Mohammadi et al., 2024). These findings

emphasize the necessity for comprehensive strategies

to mitigate and adapt to climate change in Afghanistan.

Seasonal and regional variations in snowfall

accumulation

Research on snowfall accumulation in southeastern

Afghanistan reveals notable seasonal and regional

variations. Since the 2004-2005 period, multispectral

and passive microwave remote sensing techniques have

been employed to assess snow conditions in major

watersheds (Daly et al., 2012). Analysis indicates a

decreasing trend in annual average snow cover in

basins influenced by westerlies, whereas basins affected

by the monsoon exhibit increasing trends, with seaso-

nal fluctuations observed across varying topographic

parameters (Hasson et al., 2012). Additionally, the

influence of the Indian monsoon on snow cover

distribution has been documented (Kravtsova, 1990).

Recent research utilizing Sentinel-1 synthetic aperture

radar (SAR) data and Differential Interferometric

Synthetic Aperture Radar (DInSAR) techniques has

facilitated the estimation of snow depth in the Hindu

Kush Himalayas during peak winter and early melt

seasons, showing good correlation with field measu-

rements (Mahmoodzada et al., 2020). These findings

underscore the significance of snow cover dynamics in

regulating water resources for Middle Eastern countries

and suggest the potential for seasonal streamflow

forecasting in the region (Hasson et al., 2012). Table 1

presents a comprehensive overview of snowfall

accumulation across various regions, indica-ting that

the Hindu Kush experiences the highest levels of

snowfall, which accounts for 55% of the region's water

resources.

Table 1. Regional variations in snowfall accumulation of different

region Afghanistan

Region

Annual 

Snowfall 

(cm)

Snowmelt 

Contribution 

to Water (%)

References

Hindu Kush 300 55 Daly et al. 

(2012) and 

Hasson et 

al. (2012)

Panjshir Basin 250 60

North-East 180 40

South-West 120 30

Impact of climate change on snow load trends

Climate change is expected to have profound effects

on snow cover and water resources in Afghanistan and

the Western Himalaya region. Research indicates a

significant decline in annual snow cover area (SCA) and

river flow within the Panjshir basin by the mid to late

21st century (Azizi & Asaoka, 2020; Nepal et al., 2021).

Projections estimate a reduction in annual SCA ranging

from 10% to 36%, with more pronounced decreases

observed during the autumn and spring seasons (Nepal

et al., 2021). These alterations are likely to disrupt

water-dependent sectors and endanger food security in

the region (Mazloum Yar and Zarghani, 2024). The

application of remote sensing technologies has proven

essential for evaluating snow conditions in Afghani-

stan's primary watersheds. Such technologies facilitate

the assessment of snow-covered areas, snow water

equivalent, and potential flooding risks (Daly et al.,

2012). The anticipated changes in the timing and

availability of seasonal snowmelt, coupled with the

overall decline in snow resources, underscore the

urgent need for adaptive water management strategies

in Afghanistan and its neighboring regions (Nepal et

al., 2021; Mazloum Yar & Zarghani, 2024). Figure 1

depicts the annual decrease in snow cover from 2000

to 2020, illustrating the significant decline attributed to

the impacts of climate change.

Figure 1. Annual snow cover reduction due to climate change

(2000-2020) (Nepal et al., 2021; Azizi and Asaoka, 2020.

Methods for Estimating Ground Snow Load

Recent research has investigated various methodologies

for estimating ground refers to the weight of accumu-

lated snow and snow depth in Afghanistan, specifically

within the Hindu Kush Himalayas region. Fridley et al.

(1994) introduced a technique that employs local cli-
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matological data to estimate ground snow loads,

establishing a relationship between water-equivalent

depth, snow depth, and daily temperature. Expanded

on the SAR/DInSAR method used by Mahmoodzada

et al. (2020). Furthermore, remote sensing technologies

have proven to be instrumental in assessing snow

conditions across Afghanistan's major watersheds, with

multispectral and passive microwave data offering

valuable insights into snow-covered areas and snow

water equivalent (Daly et al., 2012). In a significant

contribution, Mahmoodzada et al. (2020) utilized

Sentinel-1 SAR data in conjunction with a DInSAR-

based framework to estimate snow depth in the

Khanabad watershed during the peak winter and early

melt seasons. Their findings demonstrated a strong

correlation with field measurements. To mitigate the

challenges posed by cloud cover in MODIS snow

cover products, Gafurov and Bárdossy (2009)

developed a six-step methodology designed to estimate

pixel coverage in cloud-obscured areas, exhibiting high

accuracy rates within the Kokcha River basin in

northeastern Afghanistan.

Empirical models

This study addresses water management and stream-

flow characteristics in Afghanistan, emphasizing the

challenges faced in agricultural development and

hydrological assessments. In southeastern Afghanistan,

ongoing conflicts, drought conditions, and social

instability have significantly hindered effective land

management and agricultural production systems

(Groninger and Lasko, 2011). insights into the region's

hydrological patterns (Olson & Sether, 2010). These

analyzes encompass monthly and annual flow

durations, probabilities of high and low discharges, and

records of peak discharges. The studies underscore the

necessity of understanding streamflow characteristics

for effective water resource planning within

Afghanistan's arid and mountainous environments,

which are characterized by significant fluctuations in

streamflow (Olson & Williams-Sether, 2010; Vining,

2010; Sahaar, 2013).

Remote sensing and GIS applications

Remote sensing and Geographic Information System

(GIS) applications have demonstrated significant value

in the realms of environmental monitoring and

resource management in southeastern Afghanistan. An

analysis of satellite imagery has indicated notable

changes in forest cover within Paktia Province from

1998 to 2018, highlighting increases in both closed and

open forest areas (Ariez et al., 2022). These

technologies have also been effectively utilized to

evaluate and prioritize projects aimed at improving

water resources, incorporating various factors such as

sedimentation, storage efficiency, and environmental

impacts (Shovic et al., 2010). In the Helmand-

Arghandab Valley, the application of Landsat imagery

and GIS facilitated the assessment of changes in the

irrigation system since 1973, which is critical for

ongoing agricultural rehabilitation initiatives (Haack et

al., 1998). Furthermore, remote sensing and GIS

technologies have been employed for counterterrorism

efforts in Afghanistan; however, media portrayals have

occasionally exaggerated their capabilities (Shroder,

2005). Collectively, these studies illustrate the multi-

faceted applications of remote sensing and GIS in

southeastern Afghanistan, encompassing environmen-

tal monitoring, resource management, and security

operations.

Machine learning and statistical regression models

Machine learning and statistical regression models have

been implemented to address a range of challenges in

Afghanistan, including the prediction of as climate-

related disasters, estimation of snow water equivalent

(SWE). Researchers have employed techniques such as

regression analysis on time-series data to predict

negative events (Fiok et al., 2020), as well as bagged

regression trees and neural networks for the estimation

of SWE in watershed areas (Bair et al., 2017).

Additionally, random forest classifiers have been

utilized to predict LBW in both rural and urban settings

(Zahirzada and Lavangnananda, 2021). Machine

learning models have further been applied to identify

households at risk of food insecurity, achieving an

accuracy rate of 80% in the classification of food-

insecure households through decision trees and

random forest methodologies (Gao et al., 2020). These

studies underscore the potential of machine learning

and statistical approaches to tackle complex issues in

Afghanistan, spanning areas such as environmental

monitoring, public health, and food security, by

harnessing diverse data sources and predictive

methodologies.

Comparative analysis of methodologies

This comparative analysis investigates various

methodologies utilized in Southeastern Afghanistan,

with a particular emphasis on regional development,

infrastructure planning, and education. Regional

development policies in Afghanistan and its neighbo-
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ring countries are designed to address socio-economic

disparities through initiatives focused on infrastructure

development, human capital investment, and regional

integration (Kakar and Özçelik, 2024). A decision

analysis methodology has been formulated to prioritize

infrastructure projects under conditions of volatility, ta-

king into account economic, security, and environ-

mental factors (Javed et al., 2009). In the realm of

environmental studies, a comparison of three methods

for estimating the slope-length gradient factor across

Afghanistan's watersheds indicates that two of these

methods are more suitable than the others (Ansari and

Tayfur, 2023). Furthermore, an analysis comparing

traditional and contemporary mathematics textbooks

for grades 7-9 in Afghanistan has revealed enhance-

ments in design and reinforcement of learning; howe-

ver, challenges persist regarding teaching effectiveness

and cognitive appropriateness (Tani, 2013). Collecti-

vely, these studies underscore the diverse methodo-

logical approaches employed in the analysis of

development and education within the region.

Snow load and hazard assessment in Southeastern

Afghanistan

Snow hazards represent significant risks in the moun-

tainnous regions of Afghanistan. Due to the limitations

of ground-based observations, remote sensing techni-

ques have been employed to evaluate both snow load

and avalanche hazards (Daly et al., 2012; Caiserman et

al., 2022). The Snow Avalanche Frequency Estimation

(SAFE) model, which utilizes Landsat satellite data, has

successfully mapped avalanche depositional zones over

a 32-year period, revealing an average occurrence of

0.88 avalanches per square kilometer annually

(Caiserman et al., 2022). Although there has been no

significant change in the frequency of avalanches over

time, a notable northeastern shift in the locations of

hazards has been documented. These snow-related

hazards, along with other natural disasters intensified

by climate change, threaten lives, livelihoods, and

infrastructure in Afghanistan (Ranghieri et al., 2017).

The development of risk information and assessment

tools are essential for effective disaster management

and resilience planning in this vulnerable region. As

illustrated in Figure 2, the Hindu Kush region exhibits

the highest frequency of snow avalanches, at 0.88

avalanches per square kilometer per year.

Historical data on snowfall and snow-related

hazards

The study of snowfall and associated hazards in

southeastern Afghanistan has employed remote sensing

techniques to assess snow conditions and evaluate

avalanche risks. Since the 2004-2005 season, annual

snow assessments have been conducted using

multispectral and passive microwave technologies to

determine the extent of snow-covered areas and the

snow water equivalent in major watersheds (Daly et al.,

2012). Furthermore, a 32-year Snow Avalanche

Frequency Estimation (SAFE) model, developed

through the analysis of Landsat satellite archives,

Afghanistan had the highest number of avalanche

fatalities since 1990, compared to eight other High

Mountain Asia countries. Afghanistan has successfully

mapped avalanche frequency and identified vulnerable

areas, documenting 810,000 large avalanches since 1990

with a mean frequency of 0.88 avalanches per km² per

year (Caiserman et al., 2022). Although there has been

no significant change in avalanche frequency over time,

a northeastern shift in hazard patterns has been

observed. Additionally, an analysis of streamflow

characteristics from 79 historical streamgages in

northern Afghanistan have provided critical data for

effective water management in arid and mountainous

environments (Olson and Sether, 2010).

Risk assessment frameworks and mapping

Risk assessment frameworks in Southeastern Afghani-

stan address a variety of challenges, including illicit

crop cultivation and natural hazards. Kienberger et al.

(2017) elucidate the intricate interplay of socio-

economic and environmental factors that drive opium

poppy cultivation, underscoring the necessity for

context-specific interventions. Aloko (2018) concentra-
Figure 2. Snow Avalanche Frequency in different regions of Afghani-

stan (Caiserman et al., 2022).

EQA 70 (2025): 96-105
N.K. Mohammadi, M.G. Arabzai, Z. Wang 

DOI: 10.6092/issn.2281-4485/21879



101

tes on the construction industry, identifying 21 signify-

cant risks that jeopardize project success and advoca-

ting for robust risk management practices to mitigate

these issues. Ikram et al. (2023) evaluate flood risks and

reveal that certain provinces are faced with severe

threats due to their high levels of exposure and

vulnerability, which necessitates the implementation of

targeted flood risk reduction strategies. Finally, Çakıt

and Karwowski (2018) utilize a fuzzy GIS approach to

delineate risks associated with as climate-related

disasters in Afghanistan, identifying high-risk areas

predominantly located in the eastern region, which can

inform both military and humanitarian decision-making

processes. Collectively, these studies emphasize the

critical need for integrated risk assessment frameworks

that are specifically tailored to address the unique

challenges faced by the region.

Challenges and future directions

Estimating ground snow load is essential for conduc-

ting snow hazard assessments, yet direct measurements

of snow water equivalent (SWE) are frequently

unavailable. To address this issue, researchers have

developed various methodologies to estimate SWE and

snow depth by utilizing diverse data sources and

analytical techniques. For instance, Mo et al. (2022)

introduced an algorithm that incorporates ground snow

depth, precipitation, wind speed, and air temperature to

evaluate SWE in northeastern China. Meanwhile,

Fridley et al. (1994) detailed a method for correlating

water-equivalent depth with snow depth and daily

temperature, using first-order station data. In the Hin-

du Kush region of Afghanistan, Mahmoodzada et al.

(2020) employed Sentinel-1 synthetic aperture radar

(SAR) data within a differential interferometric synthe-

tic aperture radar (DInSAR)-based framework to esti-

mate snow depth during the winter and early melt sea-

sons. Furthermore, Tanniru and Ramsankaran (2023)

conducted a review of passive microwave remote sen-

sing techniques for snow depth, estimation examining

various models along with their limitations and challen-

ges, particularly in critical regions such as the Himala-

yas. Collectively, these studies enhance the methodo-

logies for estimating snow load in areas that lack direct

SWE measurements. Improved SWE predictions using

random forest and neural networks.

Data scarcity and measurement challenges

The estimation of ground snow load plays a vital role in

snow hazard assessment and the design of structural

systems. However, the unavailability of snow water

equivalent (SWE) measurements poses significant

challenges. Nonetheless, ground snow depth data can

be leveraged to estimate both SWE and ground snow

load (Mo et al., 2022; Fridley et al., 1994). A practical

algorithm that utilizes variables such as snow depth,

precipitation, wind speed, and air temperature has been

developed to assess SWE specifically in northeastern

China (Mo et al., 2022). In regions characterized by

data scarcity, such as Afghanistan, remote sensing tech-

niques emerge as valuable alternative solutions. The

Snow Avalanche Frequency Estimation (SAFE) model

employs Landsat satellite archives to map the frequen-

cy of snow hazards and identify vulnerable areas (Cai-

serman et al., 2022). Additionally, estimates of passive

microwave SWE have demonstrated potential utility in

water resource planning within the Upper Helmand

Watershed of Afghanistan, where snowmelt constitutes

a primary source of water (Vuyovich, 2011). These

innovative methods offer promising strategies for

estimating ground snow load and evaluating snow

hazards in regions where ground-based data is limited.

Need for region-specific modeling approaches

Recent research has underscored the necessity of

region-specific methodologies for accurately estimating

ground snow loads, taking into account variables such

as snow depth and climatic factors. Mo et al. (2022)

introduced an algorithm specifically designed for north-

eastern China that integrates snow depth, precipitation,

wind speed, and air temperature to assess snow water

equivalent (SWE). Similarly, Fridley et al. (1994) deve-

loped a technique linking water-equivalent depth to

both snow depth and daily temperature, utilizing local

data sources. Wheeler et al. (2022) established a univer-

sal depth-to-load conversion method employing ran-

dom forests across the contiguous United States, which

demonstrated effectiveness in varying regional con-

texts. In Afghanistan, Mahmoodzada et al. (2020) im-

plemented a differential interferometric synthetic aper-

ture radar (SAR)-based framework utilizing Sentinel-1

data to estimate snow depth within the Hindu Kush

Himalayas during peak winter and early melting sea-

sons. Collectively, these studies high-light the critical

need for customized approaches that account for re-

gional climatic characteristics and available data sources

to accurately evaluate snow hazards and inform

structural design requirements.

Recommendations for improving snow hazard

assessment

The assessment of snow hazards in southeastern Af-
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ghanistan is hindered by a scarcity of ground-based

observations, thereby necessitating the integration of

remote sensing technologies. Since 2004-2005,

multispectral and passive microwave data have been

utilized to evaluate snow conditions, including snow-

covered areas and snow water equivalent, within major

Afghanistan watersheds (Daly et al., 2012). The Snow

Avalanche Frequency Estimation (SAFE) model,

developed using Landsat satellite archives, has

effectively mapped avalanche frequency and identified

vulnerable areas in Afghanistan over a 32-year span

(Caiserman et al., 2022). This model recorded a total of

810,000 significant avalanches, with an average

frequency of 0.88 avalanches per square kilometer per

year, indicating a northeastward shift in hazard

occurrence. Afghanistan holds the unfortunate record

of the highest avalanche fatalities (1,057) in the high

mountain Asia region (Acharya et al., 2023). To

enhance snow hazard assessment, researchers advocate

for the development of hazard zonation maps

grounded in historical data and modeling efforts, while

also emphasizing the incorporation of local and

indigenous knowledge in collaboration with community

stakeholders.

Conclusions

The precise estimation of snow load and avalanche

risks is essential for the effective mitigation of natural

hazards in Southeastern Afghanistan. The utilization of

remote sensing technologies, including multispectral

and microwave data, has considerably enhanced hazard

assessments by addressing data deficiencies in this

challenging geographical area. The SAFE model, alon-

gside other methodologies, offers valuable insights into

avalanche frequency and snow distribution patterns.

However, the ongoing impacts of climate change are

modifying snowfall patterns, which necessitates the

development of adaptive strategies for managing snow-

related hazards. Future research should prioritize the

integration of machine learning with remote sensing

techniques, as well as the refinement of region-specific

modeling frameworks. Furthermore, strengthening data

collection efforts and fostering collaboration among

researchers and policymakers will be crucial for achie-

ving effective disaster preparedness and risk reduction

in the mountainous regions of Afghanistan.

Conflicts of interest

The authors declare no conflicts of interest related to

this manuscript. The research was conducted in the ab-

sence of any commercial or financial relationships that

could be construed as a potential conflict of interest.

Acknowledgments

The authors would like to thank Paktia University,

Lanzhou University, and Fujian Agriculture and

Forestry University for their institutional support. We

also express our gratitude to the reviewers and editorial

board of EQA - International Journal of Environmental

Quality for their insightful comments and suggestions,

which have significantly improved the quality of this

manuscript.

Author Contributions

The contributions of each author to the manuscript are

as follows: Nazir Khan Mohammadi was responsible

for conceptualization, methodology development,

original draft writing, data curation, and visualization.

Mohammad Gul Arabzai contributed to the literature

review, manuscript editing, validation of findings, and

provision of resources. Zikui Wang provided

supervision, technical guidance, critical review and

editing, and gave final approval of the manuscript. All

authors have read and approved the final version of the

manuscript.

References

ACHARYA A., STEINER J.F., WALIZADA K.M., ALI S.,

ZAKIR Z.H., CAISERMAN A., WATANABE T. (2023)

Review article: Snow and ice avalanches in high mountain

Asia – scientific, local and indigenous knowledge. Natural

Hazards and Earth System Sciences, 23(7):2569–2592.

https://doi.org/10.5194/nhess-23-2569-2023

ALIYAR Q. (2024) Investigating the trends of climate

change parameters in mountainous areas of Afghanistan.

European Journal of Theoretical and Applied Sciences, 2(6),

260–270. https://doi.org/10.59324/ejtas.2024.2(6).21

ALOKO M.N. (2018) Risk assessment process for

construction projects in Afghanistan. International Journal of

Advanced Engineering Research and Science, 5(8): 211–217.

https://doi.org/10.22161/ijaers.5.8.26

ANSARI A., TAYFUR G. (2023) Comparative analysis of

estimation of slope-length gradient (LS) factor for entire

Afghanistan. Geomatics, Natural Hazards and Risk, 14(1).

https://doi.org/10.1080/19475705.2023.2200890

ARIEZ M., ZAZAI K.G., ISMAEL LARAWAI M.I.,

WANI A.A. (2022) Forest cover change detection in paktia

province of Afghanistan using remote sensing and GIS:

1998-2018. Jurnal Belantara, 5(2).

https://doi.org/10.29303/jbl.v5i2.887

EQA 70 (2025): 96-105
N.K. Mohammadi, M.G. Arabzai, Z. Wang 

DOI: 10.6092/issn.2281-4485/21879

https://doi.org/10.5194/nhess-23-2569-2023
https://doi.org/10.59324/ejtas.2024.2(6).21
https://doi.org/10.22161/ijaers.5.8.26
https://doi.org/10.1080/19475705.2023.2200890
https://doi.org/10.29303/jbl.v5i2.887


103

AZIZI A.H., ASAOKA Y. (2020) Assessment of the Impact

of Climate Change on Snow Distribution and River Flows in

a Snow-Dominated Mountainous Watershed in the Western

Hindukush–Himalaya, Afghanistan. Hydrology, 7(4):74.

https://doi.org/10.3390/hydrology7040074

BAIR, E. H., ABREU CALFA, A., RITTGER, K., &

DOZIER, J. (2018). Using machine learning for real-time

estimates of snow water equivalent in the watersheds of

Afghanistan. The Cryosphere, 12(5), 1579–1594.

https://doi.org/10.5194/tc-12-1579-2018

CAISERMAN A., SIDLE R.C., GURUNG D.R., JARI-

HANI B. (2022a) Snow Avalanche Frequency Estimation

(SAFE): 32 years of remote hazard monitoring in Afghani-

stan. https://doi.org/10.5194/egusphere-egu22-3749

CAISERMAN A., SIDLE R.C., GURUNG D.R. (2022b)

Snow Avalanche Frequency Estimation (SAFE): 32 years of

monitoring remote avalanche depositional zones in high

mountains of Afghanistan. The Cryosphere, 16(8):3295–

3312. https://doi.org/10.5194/tc-16-3295-2022

ÇAKIT E., KARWOWSKI W. (2018) A fuzzy overlay

model for mapping adverse event risk in an active war

theatre. Journal of Experimental and Theoretical Artificial

Intelligence, 1–11.

https://doi.org/10.1080/0952813x.2018.1467494

DALY S.F., VUYOVICH C.M., DEEB E.J., NEWMAN S. 

D., BALDWIN T.B., GAGNON J.J. (2012) Assessment of 

the snow conditions in the major watersheds of Afghanistan 

using multispectral and passive microwave remote sensing. 

Hydrological Processes, 26(17):2631–2642.                       

https://doi.org/10.1002/hyp.9367

DELMONACO G., MARGOTTINI C. (2014) General

Environmental Condition of the Bamiyan Valley. In:

Margottini, C. (eds) After the Destruction of Giant Buddha

Statues in Bamiyan (Afghanistan) in 2001. Natural Science in

Archaeology. Springer, Berlin, Heidelberg.

https://doi.org/10.1007/978-3-642-30051-6_5

FRIDLEY K.J., ROBERTS K.A., MITCHELL J.B. (1994)

Estimating Ground Snow Loads Using Local Climatological

Data. Journal of Structural Engineering, 120(12):3567–3576.

https://doi.org/10.1061/(asce)0733-445(1994)120:12(3567)

GAFUROV A., BÁRDOSSY A. (2009) Cloud removal

methodology from MODIS snow cover product. Hydrology

and Earth System Sciences, 13(7): 1361–1373.

https://doi.org/10.5194/hess-13-1361-2009

GAJANAYAKE A., ZHANG G., KHAN T., MOHSENI

H. (2020) Postdisaster Impact Assessment of Road

Infrastructure: State-of-the-Art Review. Natural Hazards

Review, 21(1):03119002.

https://doi.org/10.1061/(asce)nh.1527-6996.0000343

GAO, C., FEI, C. J., MCCARL, B. A., & LEATHAM, D. J.

(2020). Identifying vulnerable households using machine

learning. Sustainability, 12(15): 6002.

https://doi.org/10.3390/su12156002

GRONINGER, J. W., & LASKO, R. J. (2011) Water for

agriculture: challenges and opportunities in a war zone.

Water International, 36(6): 693–707.

https://doi.org/10.1080/02508060.2011.613220

GUL F., ZARGHANI S.H. (2024) Investigating the

Consequences of Climate Change and its Impact on

Afghanistan’s Security. Nangarhar University International

Journal of Biosciences., 03(ICCC(special)), 498–502.

https://doi.org/10.70436/nuijb.v3i02.276

HAACK B., WOLF J., ENGLISH R. (1998) Remote sensing

change detection of irrigated agriculture in Afghanistan.

Geocarto International, 13(2): 65–75.

https://doi.org/10.1080/10106049809354643

HASSANYAR A.S. (1977). Restoration of Arid and Semi-

arid Ecosystems in Afghanistan. Environmental

Conservation, 4(4): 297–301.

https://doi.org/10.1017/s0376892900026266

HASSON S., LUCARINI V., KHAN M.R., PETITTA M.,

BOLCH T., GIOLI G. (2014) Early 21st century snow cover

state over the western river basins of the Indus River system.

Hydrology and Earth System Sciences, 18(10): 4077–4100.

https://doi.org/10.5194/hess-18-4077-2014

IKRAM Q.D., JAMALZI A.R., HAMIDI A.R., ULLAH I.,

SHAHAB M. (2023) Flood risk assessment of the population

in Afghanistan: A spatial analysis of hazard, exposure, and

vulnerability. Natural Hazards Research.

https://doi.org/10.1016/j.nhres.2023.09.006

JAVED O., MELNICK M.J., REAVES D.S., TODD J.W.,

KARVETSKI C.W., LAMBERT J.H. (2009) Decision

analysis for an Afghanistan sustainable infrastructure plan

(ASIP) with volatile emergent conditions.

https://doi.org/10.1109/sieds.2009.5166162

KAKAR S.M., ÖZÇELIK Ö. (2024) Regional Development

Policies in Afghanistan and Neighboring Countries: A

Comparative Analysis. BİLTÜRK Journal of Economics and

Related Studies. https://doi.org/10.47103/bilturk.1552966

KIENBERGER S., SPIEKERMANN R., TIEDE D.,

ZEILER I., BUSSINK C. (2016) Spatial risk assessment of

opium poppy cultivation in Afghanistan: integrating environ-

mental and socio-economic drivers. International Journal of

Digital Earth, 10(7):719–736.

https://doi.org/10.1080/17538947.2016.1250828

KRAVTSOVA V.I. (1990) Snow cover mapping of

Afghanistan’s mountains with space imagery. Mapping

Sciences and Remote Sensing, 27(4): 295–302.

https://doi.org/10.1080/07493878.1990.10641815

EQA 70 (2025): 96-105
N.K. Mohammadi, M.G. Arabzai, Z. Wang 

DOI: 10.6092/issn.2281-4485/21879

https://doi.org/10.3390/hydrology7040074
https://doi.org/10.5194/tc-12-1579-2018
https://doi.org/10.5194/egusphere-egu22-3749
https://doi.org/10.5194/tc-16-3295-2022
https://doi.org/10.1080/0952813x.2018.1467494
https://doi.org/10.1002/hyp.9367
https://doi.org/10.1007/978-3-642-30051-6_5
https://doi.org/10.1061/(asce)0733-445(1994)120:12(3567)
https://doi.org/10.5194/hess-13-1361-2009
https://doi.org/10.1061/(asce)nh.1527-6996.0000343
https://doi.org/10.3390/su12156002
https://doi.org/10.1080/02508060.2011.613220
https://doi.org/10.70436/nuijb.v3i02.276
https://doi.org/10.1080/10106049809354643
https://doi.org/10.1017/s0376892900026266
https://doi.org/10.5194/hess-18-4077-2014
https://doi.org/10.1016/j.nhres.2023.09.006
https://doi.org/10.1109/sieds.2009.5166162
https://doi.org/10.47103/bilturk.1552966
https://doi.org/10.1080/17538947.2016.1250828
https://doi.org/10.1080/07493878.1990.10641815


104

KRZYSZTOF F., KARWOWSKI W., WILAMOWSKI M.

(2020) Prediction of adverse events in Afghanistan:

regression analysis of time series data grouped not by

geographic dependencies. ArXiv (Cornell University).

MAHMOODZADA A.B., VARADE D., SHIMADA S.

(2020) Estimation of Snow Depth in the Hindu Kush

Himalayas of Afghanistan during Peak Winter and Early

Melt Season. Remote Sensing, 12(17): 2788.

https://doi.org/10.3390/rs12172788

MENON A., LAI C.G., MACCHI G. (2004) Seismic hazard

assessment of the historical site of jam in afghanistan and

stability analysis of the minaret. Journal of Earthquake

Engineering, 8(sup001):251–294.

https://doi.org/10.1080/13632460409350527

MO H., ZHANG G., ZHANG Q., HONG H.P., FAN F.

(2022) Estimating Ground Snow Load Based on Ground

Snow Depth and Climatological Elements for Snow Hazard

Assessment in Northeastern China. International Journal of

Disaster Risk Science, 13(5): 743–757.

https://doi.org/10.1007/s13753-022-00443-0

MOHAMMADI N., SAYEDI S.A., SIRAT S.M., MATI M.

(2024) Influence of climate change on plant biodiversity and

agriculture: A review from a sub-tropical perspective.

Nangarhar University International Journal of Biosciences,

03: (ICCC), 205–208.

https://doi.org/10.70436/nuijb.v3i02.202

MUJTABA R., ZAINULLAH H., MUSTAFA M. (2022)

Analysis of Air Temperature and Precipitation Trends in

Kandahar city, Afghanistan from 1990-2019. Kardan Journal

of Engineering and Technology.

https://doi.org/10.31841/kjet.2022.24

OLSON S.A., WILLIAMS-SETHER T. (2010) Streamflow

characteristics at streamgages in northern Afghanistan and

selected locations. Data Series.

https://doi.org/10.3133/ds529

PODOLSKIY E.A., NISHIMURA K., ABE O., CHER-

NOUS P.A. (2010) Earthquake-induced snow avalanches: I.

Historical case studies. Journal of Glaciology, 56(197):431–

446. https://doi.org/10.3189/002214310792447815

RANGHIERI F., GAMMELGAARD M., JONGMAN B.,

ANDREA S., MASHAHID S.S., SIERCKE G.A.,

SIMPSON A.L. (2017) Disaster risk profile: Afghanistan. 1–

20.

REHANA S., REDDY P.K., SAI N., DAUD A.R.,

SABOORY S., KHAKSARI S. TOMER S.K., SOWJANYA

U. (2021) Observed spatio-temporal trends of precipitation

and temperature over Afghanistan. Water Science and

Technology Library, 377–392.

https://doi.org/10.1007/978-3-030-64202-0_33

SAHAAR A.S., JULIEN P.Y., ARABI M., KAMPF S.K.

(2013) Erosion mapping and sediment yield of the Kabul

River Basin, Afghanistan. Mountainscholar.org.

https://mountainscholar.org/items/a93808ec-4dbc-45b7-

91d1-a2aa561617fb

SANTOSH N., KHATIWADA K.R., PRADHANANGA

S., KRALISCH S., SAMYN D., BROMAND M.T., JAMAL

N., MILAD DILDAR, DURRANI F., RASSOULY F.,

AZIZI F., SALEHI W., ROHULLAH M., KRAUSE P.,

SUJAN K., CHEVALLIER P. (2021). Future snow

projections in a small basin of the Western Himalaya. The

Science of the Total Environment, 795: 148587–148587.

https://doi.org/10.1016/j.scitotenv.2021.148587

SHOVIC H.F., HAZELTON J.M., ROYLANCE S.M.,

CHRISTENSON L. (2010) Water resources improvement in

Southeast Afghanistan: remote project planning and decision

support modeling. Watershed Management, 1049–1064.

https://doi.org/10.1061/41143(394)95

SHRODER J. (2005). Remote Sensing and GIS as

Counterterrorism Tools in the Afghanistan War: Reality, Plus

the Results of Media Hyperbole. The Professional

Geographer, 57(4):592–597.

https://doi.org/10.1111/j.1467-9272.2005.502.x

TANI W.B. (2013) Textbook analysis in Afghanistan:

Comparison of mathematics’ textbooks of grade 7-9.

TANNIRU S., RAMSANKARAN R. (2023) Passive

Microwave Remote Sensing of Snow Depth: Techniques,

Challenges and Future Directions. Remote Sensing, 15(4):

1052. https://doi.org/10.3390/rs15041052

UHL. V. (2006). Afghanistan: An Overview of Ground

Water Resources and Challenges. (2006). Ground Water,

44(5): 626–627.

https://doi.org/10.1111/j.1745-6584.2006.00251.x

UNITED NATIONS ECONOMIC AND SOCIAL

COUNCIL(2006) Policy issues for the ESCAP region:

enhancing regional cooperation in infrastructure

development, including that related to disaster management.

https://doi.org/10.18356/43c94a04-en

VAIDYA, R. A., SHRESTHA, M. S., NASAB, N.,

GURUNG, D. R., KOZO, N., PRADHAN, N. S., &

WASSON, R. J. (2019) Disaster risk reduction and building

resilience in the Hindu Kush Himalaya. The Hindu Kush

Himalaya Assessment, 389–419.

https://doi.org/10.1007/978-3-319-92288-1_11

VARDON, P. J. (2015). Climatic influence on geotechnical

infrastructure: a review. Environmental Geotechnics, 2(3),

166–174. https://doi.org/10.1680/envgeo.13.00055

VINING K.C. (2010). Streamflow characteristics of streams

in southeastern Afghanistan. Data Series.

https://doi.org/10.3133/ds508

EQA 70 (2025): 96-105
N.K. Mohammadi, M.G. Arabzai, Z. Wang 

DOI: 10.6092/issn.2281-4485/21879

https://doi.org/10.3390/rs12172788
https://doi.org/10.1080/13632460409350527
https://doi.org/10.1007/s13753-022-00443-0
https://doi.org/10.70436/nuijb.v3i02.202
https://doi.org/10.31841/kjet.2022.24
https://doi.org/10.3133/ds529
https://doi.org/10.3189/002214310792447815
https://doi.org/10.1007/978-3-030-64202-0_33
https://mountainscholar.org/items/a93808ec-4dbc-45b7-91d1-a2aa561617fb
https://doi.org/10.1016/j.scitotenv.2021.148587
https://doi.org/10.1061/41143(394)95
https://doi.org/10.1111/j.1467-9272.2005.502.x
https://doi.org/10.3390/rs15041052
https://doi.org/10.1111/j.1745-6584.2006.00251.x
https://doi.org/10.18356/43c94a04-en
https://doi.org/10.1007/978-3-319-92288-1_11
https://doi.org/10.1680/envgeo.13.00055
https://doi.org/10.3133/ds508


105

VUYOVICH, CARRIE M., (2010) Assessing the accuracy of

passive microwave estimates of snow water equivalent in

data-scarce regions for use in water resource

applications. Master's Theses and Capstones.

.https://scholars.unh.edu/thesis/593

WHEELER J., BEAN B., MAGUIRE M. (2021) Creating a

Universal Depth-to-Load Conversion Technique for the

Conterminous United States Using Random Forests. Journal

of Cold Regions Engineering, 36(1).

https://doi.org/10.1061/(asce)cr.1943-5495.0000270

ZAHIRZADA A., LAVANGNANANDA K. (2021)

Implementing Predictive Model for Low Birth Weight in

Afghanistan. 9: 67–72.

https://doi.org/10.1109/kst51265.2021.9415792

EQA 70 (2025): 96-105
N.K. Mohammadi, M.G. Arabzai, Z. Wang 

DOI: 10.6092/issn.2281-4485/21879

https://scholars.unh.edu/thesis/593
https://doi.org/10.1061/(asce)cr.1943-5495.0000270
https://doi.org/10.1109/kst51265.2021.9415792

