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1. Introduction

ABSTRACT

Iran's geopolitical, economic, and social factors have significantly impacted
international water resources alongside climatic influences in recent years.
Consequently, identifying and implementing strategies to address a potential
water crisis in the Harirud region has become crucial. This research primarily
aims to uncover the factors influencing integrated water management in the
Harirud basin. The findings will enhance decision-makers and policymakers'
understanding of water resource utilization and management behaviors during
drought periods. The sustainable development model serves as the theoretical
framework for this study. The statistical sample comprises 12 interviewers and
128 subject-related experts, selected through a multi-stage technique with
proportional allocation. Results from structural equation modeling indicate
that geopolitical-hydrodynamic, technical-economic, institutional-legal,
social-cultural, and infrastructural-physical variables exert the most significant
influence on the adoption of water resource management policies. Practically,
this research advocates for Integrated Basin Water Management (IBWM),
with results offering vital policy implications to assist decision-makers in
conserving international water resources.

yield benefits that would not be achievable

Water is an essential resource for the planet, with
no viable substitutes. As humanity progresses
into the third millennium, it confronts a
significant shortage of water resources, propelling
all nations toward a potential global crisis [1].
Population  growth, rapid urbanization,
agricultural and industrial development, and
climate change have escalated water demand,
rendering water resources increasingly vulnerable
[2]. The sharing of water among countries with
differing approaches to utilization can lead to
conflicts over shared resources, including rivers,
lakes, and groundwater [3]. Consequently, the
management of  Transboundary Rivers
necessitates  consideration of  engineering,
environmental, legal, social, economic, and
political factors that are often complex and
challenging to resolve However, territorial
cooperation based on shared water resources can
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without collaboration [4]. Therefore, establishing
an effective planning model for the equitable
distribution of water resources can maximize
advantages for all involved parties[5].

In the past decade, substantial research has
focused on allocating water resources in the
Harirud basin [5-6]. For instance, Paulo (2013)
[7] examined the issue from the water security
perspective and the threats arising from restricted
access to Harirud's water resources. Nagheeby
and Warner [5] (2018) analyzed the Harirud basin
from a geopolitical standpoint and argued that
Afghanistan's unilateral appropriation of water
resources—particularly regarding the Salma
Dam—has increased vulnerability for
downstream nations. Additionally, ghandahari
[8](2016) and Khoshsima and Mahjoobi [9]
(2022) demonstrated that Afghanistan's water
policies adversely affect neighboring countries,
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potentially leading to conflicts. This underscores
the necessity for territorial cooperation among the
three countries to develop a mutually beneficial
strategy. Nonetheless, previous studies have
primarily concentrated on political and security
dimensions. The ecosystem of the Harirud River
Basin faces planning challenges related to
instability in social, economic, and environmental
systems that have received insufficient attention
in earlier research.

The environmental instability within the Harirud
River Basin has detrimental effects on partner
countries, including Iran. The Afghanistan
Institute for Strategic Studies indicates that
approximately 50 percent of the water in the
Harirud River Basin has diminished over the past
thirty years. This decline has been exacerbated by
the construction of two Salma Dams by
Afghanistan and the Dosti Dam by Iran and
Turkmenistan [10]. These developments threaten
the water supply in northeastern Iran and induce
instability across multiple dimensions. Firstly,
concerning social security, issues such as
increased regional migration threats, diminished
food security, and deteriorating health conditions
arise [11]. Secondly, economic security is
compromised through heightened production
costs and agricultural, industrial, and service
stagnation [12]. Thirdly, environmental security
suffers from adverse land use changes, reduced
surface water access, ecosystem destruction,
diminished biodiversity, and drought
conditions[13]. Fourthly, political-administrative
security is affected by weakened local
government authority and decreased citizen
satisfaction with political decisions. Lastly,
military security is jeopardized by rising internal
insecurity and conflicts over water resources [14].
Moreover, it is crucial to recognize that the
repercussions of drought in Harirud extend
beyond these instabilities; they also serve as
leverage in Afghanistan's political dealings with
downstream nations [15]. Consequently, there is
an urgent need to investigate various aspects of
sustainability within human and natural systems
in the Harirud watershed from a planning
perspective concerning northeastern Iran.

Given the reduced water resources within the
Harirud watershed, managing shared water
resources with Afghanistan and Turkmenistan is
imperative. Spatial analysis of the Harirud
watershed can provide a more accurate
understanding of its sustainability status [16].
Through  strategic planning analysis, all
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challenges related to security in northeastern Iran
can be addressed while striving for territorial
balance [17]. Such a comprehensive approach to
addressing water issues in this region aims to
achieve territorial sustainability by balancing
different systems [18]. As neighboring countries
strongly desire to optimize shared water resource
utilization, pursuing logical solutions grounded in
scientific principles is essential [4]. Specifically,
developing a scientific program focused on win-
win outcomes can avert a common international
tragedy [6]. Thus, the successful management of
Harirud basin resources for Iran and its
neighboring countries hinges on applying spatial
planning methodologies.

The primary objective of this study centers on
managing the Harirud basin through a spatial
planning framework by identifying factors that
threaten Iran's social, economic, environmental,
political, and military security systems[19]. This
research aims to fill existing knowledge gaps
regarding sustainability in the Harirud basin
while  providing critical information  for
policymaking and strategic planning within this
region.

2. Background

Global studies have explored the Harirud
Watershed from various perspectives. Several
contributions have analyzed the watershed
through a geopolitical lens. For instance, Aradjo
et al [20] (2015) investigated the global trends in
water security and the threats to regional stability
posed by transboundary water resources. In
examining Afghanistan's transboundary water
issues, he identified the causes and factors
contributing to international conflicts between
Afghanistan and its neighboring countries,
ultimately proposing a framework for effectively
managing the region's water resources. While
many scholars have focused on the hydropolitics
of Central Asia, particularly regarding the Aral
Sea basin [21], specific studies addressing the
hydropolitics of the Harirud basin remain limited
[15]. This scarcity of research has hindered a
comprehensive understanding of the complex
geopolitical dynamics within the basin. For
example, Thomas and Warner **/(2015) explored
the interplay between power and transboundary

water interactions but did not adequately
emphasize the political implications of this
volatile region. The intricate nature of
geopolitical interactions necessitates further

detailed analysis; for instance, the authors suggest
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that Iran may gain from project delays and
increased costs [22], yet this perspective is only
partially represented in the existing literature.
Some partnerships have concentrated on water
management among riparian countries. Research
on dispute resolution in transboundary river
basins has utilized optimization and game theory
models to focus on river water allocation. These
studies aim to elucidate water allocation
processes and the benefits—or lack thereof—of
cooperation among all riparian  nations.
Mousavizadeh et al, [23] (2023) compared
participatory and non-participatory approaches to
large-scale river water allocation in southern Iran,
highlighting the significance of cooperation
concerning both water quantity and quality issues.
Timmerman & Langaas. (2005) [24] identified 14
criteria  influencing  transboundary  water
management and prioritized these criteria in
hypothetical basins using fuzzy clustering
methods based on expert opinions. Their findings
indicated that food  security, equitable
profitability, water flow quality and quantity, and
hydrohegemony were paramount for advancing
negotiations. Naghdi et al. (2020) [25] developed
a multi-objective optimization model for water
allocation in Iran's Sefidroud basin, aiming to
maximize revenue while minimizing inequality in
water distribution. Leo et al. (2020) [26]
employed a fuzzy coalition game model for water
allocation in the Lancang-Mekong River basin
across East and Southeast Asia.

Recent studies addressing the Harirud watershed
in Iran encompass diverse topics. Aamer (2023)
[27] argued that fostering regional cooperation on
water issues necessitates shifting away from
traditional security approaches towards a human
security framework, particularly given the
challenges of water scarcity faced by Iran,
Afghanistan, and Turkmenistan. This
developmental  framework could facilitate
cooperative initiatives and joint projects in the
Harirud basin based on strategic goals and mutual
needs, including coordinated management of
shared resources, continuous engagement with
local users, and control over population growth
and migration. Yar (2023) [11] examined the dual
role of border rivers in shaping inter-country
relations, focusing specifically on the Harirud
border river through documentary analysis. They
assessed how this shared resource fosters
cooperation between Iran and Turkmenistan
while introducing four convergence types:
political, social, economic, and structural; they
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noted that climatic factors significantly influence
regional tensions. They highlighted the Dosti
Dam as an example of cooperative legal
frameworks for joint resource exploitation
between Iran and Turkmenistan.

Ahmadzai & McKinna (2018) [28] posited that
economic variables are critical to fostering
regional convergence while emphasizing that
sustainable development must prioritize human-
centered approaches to environmental threats as
primary factors jeopardizing economic stability.
Ghandahari et al. (2016) [8] analyzed interactions
among lIran, Afghanistan, and Turkmenistan
using game theory alongside a comprehensive
water resource management model to evaluate
various management scenarios within the Harirud
watershed. Their findings demonstrated that
leveraging knowledge of water resource
management could transform potential conflicts
into profitable opportunities for all involved
nations.

Sakhi (2023) [29] investigated international water
agreements—such as treaties, protocols, and
bilateral or multilateral accords—that either
mitigate or exacerbate disputes among interested
countries. They referenced historical agreements
like the 1980 Iran-Soviet Treaty concerning
northeastern rivers and the 1982 Helmand River
Treaty with Afghanistan, analyzing their
provisions  related to data  exchange,
organizational structures, and dispute resolution
mechanisms. Their results indicated that while
most agreements possess desirable data sharing
and dispute resolution structures provisions, they
often falter during implementation phases.
Kaviani-Rad et al. (2019) [30] acknowledged the
longstanding water crisis and is poised to escalate
further. They argued that political geography—
manifested through hydropolitical orientations—
analyzes power relations among political entities
from subnational to global scales within contexts
ranging from cooperation to competition. They
noted that climate change at a global level,
coupled with regional precipitation pattern shifts,
has led previously arid countries to experience
excessive  groundwater  extraction, aquifer
depletion, and land subsidence.

Khoshsima and Mahjoubi (2019) [9] identified
transboundary water management challenges
from a diplomatic perspective within the Harirud
basin. Their study aimed to pinpoint effective
parameters influencing negotiations from a
hydropolitical standpoint. The results underscored
that achieving comprehensive agreements during
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Map No. 1: Geographical location of the study area.

bilateral or multilateral negotiations necessitates a
strong focus on political and economic axes
framed within national security criteria alongside
international relations considerations related to
the water economy, political economy, joint
economic initiatives, exports, and imports.

3. Methodology

This section provides a comprehensive overview
of the study area, the rationale for its selection,
the sampling design, data collection methods, the
indicators chosen for analysis, and the techniques
employed for data analysis.

1-3 Study Area Selection

The Harirud River Basin is a vital transboundary
water system that traverses Afghanistan, Iran, and
Turkmenistan, playing a crucial role in the socio-
economic fabric of these countries. Originating in
the Hindu Kush mountains, the Harirud River
flows through diverse terrains before merging
with the Amu Darya River. The basin is
characterized by its complex geopolitical
dynamics, exacerbated by historical tensions and
contemporary interactions among the riparian
states [14].

Water availability in the Harirud Basin is critical,
with an estimated annual flow of approximately
2.5 billion cubic meters entering Iran from
Afghanistan [5]. This water is essential for
agricultural irrigation and drinking water supplies
in northeastern Iran, where water scarcity poses
significant challenges. The region is home to
several dams, including the Salma Dam in
Afghanistan, which has a capacity of 42 million
cubic meters [8], and the Dosti Dam, constructed
collaboratively by Iran and Turkmenistan. These
dams are pivotal for managing water resources
but also serve as points of contention among the
riparian states.

Despite its importance, the Harirud River Basin
faces significant challenges related to unilateral
water management practices and geopolitical
tensions. Upstream Afghanistan's dam
construction projects have raised concerns among
downstream nations regarding their water rights
and security. The absence of a comprehensive
trilateral agreement complicates these dynamics,
increasing the potential for conflict over water
allocation and usage. Given these complexities,
understanding the hydropolitics of the Harirud
River Basin is essential for fostering cooperation
and promoting sustainable development among
the riparian states.
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Source: Authors, 2024
2-3 Materials and Methods

This research employs a mixed-methods
approach, integrating both qualitative and
quantitative methodologies [31]. The initial phase
involved qualitative methods to identify criteria
and indicators for assessing water management in
the Harirud Basin. This phase utilized a review of
existing literature alongside interviews with
experts and academics, chosen for their flexibility
in data collection, particularly in contexts where
information is scarce. This qualitative approach
facilitated an in-depth exploration of the subject
matter.

Data Collection

The study used focus group discussions (FGDSs)
and key informant interviews (KIlIs) for
qualitative data collection. These methods
enabled the researchers to gather substantial
primary data efficiently, reflecting a broad range
of participant perspectives. The focus group
consisted of 12 executive and academic experts,
and the questionnaires were administered to 64
relevant experts who were selected based on their
professional experience in water management.
The FGDs were conducted three times, utilizing
telephone and in-person formats to discuss
various water management strategies and policies
pertinent to the Harirud Basin. The guiding
questions for these discussions were developed
from a thorough literature review, ensuring
comprehensive coverage of the research topic.
The key themes addressed included: 1) an
overview of the status of water resources in the
Harirud Basin, 2) the main components
influencing water management within the basin,
and 3) the extent to which each factor has
impacted water management practices.
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Quantitative data were collected through a
structured questionnaire to assess participants'
perceptions of current water management
practices. Respondents rated the effectiveness of
these practices on a 5-point Likert scale ranging
from "very effective” (5) to "very low" (1). The
responses were subsequently analyzed using
principal component analysis to identify
underlying patterns and relationships among the
indicators.

3-3 Method of Analysis
This study utilized a mixed-methods research

design comprising two consecutive stages of
analysis. In the first stage, qualitative methods
were employed to extract criteria and indicators
for measuring water management in the Harirud
Basin. This approach is widely recognized as
effective in qualitative research, mainly when
dealing with large datasets where participant
responses exhibit minimal variation. Data
saturation was achieved, indicating that additional
data collection would yield diminishing returns in
new insights [32]. During the reporting phase,
direct quotes from participants were incorporated
to enrich the narrative and provide a
comprehensive  portrayal of the in-depth
information gathered.

The second stage involved quantitative analysis,
specifically confirmatory factor analysis (CFA),
conducted using SmartPLS version 4 software to
evaluate the components and implications derived
from the qualitative findings (Ringle et al., 2015).
This method was chosen for several reasons: it
assesses the quality of the measurement model
and accommodates multiple criteria necessary for
the study [33]. Furthermore, CFA allows for
testing the consistency between theoretical
constructs and empirical data, facilitating robust
interpretation of results [34].

In model fitting, various indices were utilized to
evaluate model fit. The Goodness-of-Fit Index
(GFI), Comparative Fit Index (CFI), and
Adjusted Goodness-of-Fit Index (AGFI) values
closer to one indicate a better model fit, while a

Root Mean Square Error of Approximation
(RMSEA) value approaching zero suggests a
superior fit [35]. A lower chi-square divided by
degrees of freedom (X?/df) ratio is preferable;
ideally, this value should not exceed two.
Although statistical significance in chi-square
tests can indicate model suitability, it is often less
reliable in larger samples exceeding 100
participants [36]. Overall, all model fit indices in
this study demonstrated good fit and supported
the proposed model.

4. Findings

4.1. Operationalization of criteria

The research findings are presented through
confirmatory factor analysis (CFA) outputs,
which elucidate the measurement model's
implementation and results. In assessing the
validity of the derived model, all indicators and
components are evaluated using the Fornell-
Larcker criterion for divergent validity. This
method is essential for ensuring that constructs
are distinct and not merely reflections of one
another, thereby enhancing the robustness of the
model [37].

In the context of this study, CFA was conducted
using SmartPLS version 4 software to validate
the measurement model derived from qualitative
insights. This approach allows researchers to test
hypotheses regarding the relationships among
observed variables and latent constructs [38]. The
selection of CFA is justified as it provides a
comprehensive framework for examining the
structural relationships within the data while
ensuring that the measurement model meets
established psychometric criteria.

A T-test was employed to assess further the
significance of the factor loading paths within the
model. This statistical test evaluates whether the
observed  relationships  between  variables
significantly differ from zero, confirming their
relevance in explaining the underlying constructs.
By employing these rigorous analytical methods,
this study aims to provide a nuanced
understanding of water management indicators in
the Harirud Basin, contributing to theoretical and
practical implications in hydropolitics.

Table 1. The respondents need resilience improvement

Variables Titles of indicators

Code Sources

Geopolitical- Security of water resources

Gl  Carter, 2010; Farooq, 1999; Favre &

geographical

Conflict of strategic interests between countries G2

Kamal, 2004; Horsman, 2005; Mir,
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The role of world powers in hydropolitical relations G3  2010; Peterson, 2013; Shroder &
The influence of countries in procurement Laws related Ga Ahmadzai, 2016
to water
Power relations G5
The weakness of Iran's hydropolitical policies G6
The effect of Iran's regional water crisis on national G7
security
Geomorphology of Harirod watershed G8
Climate change G9
International dam-building policies G10
Lack of a common interpretative framework TE1
Weakness of water use technologies TE2
Technical EconoEr?gér;tzgiiprJietr;dence $Ej Favre & Kamal, 2004; Safi &
and . Iran's economic development program TE5 Kohistani, 2013; Shelala, Kasting, &
economic Food security TES Corc.les'man, 2013.; Y.11d12, 2015;
TE7 Karimipour, Kaviani Rad, 2015
Drinking water TES8
Afghanistan's place in Iran's foreign policy goals TE9
The role and perspective of political elites IL1
Politics Local water sources in Afghanistan IL2
Agreement Letter the proper water Iran from Harirud IL3
Institutional- water
Legal Performance of regional institutions and international on IL 4 Nader, Scotten, Rahmani, Stewart, &
the issue of transhoundary water resources Mahnad, 2014; Shelala et al., 2013;
Absence of mandatory rules Bringer international for IL5 Shroder & Ahmadzai, 2016; Thomas
transboundary waters & Warner, 2015; Torabi, 2012; (Popli
A long-term dispute on the Hirmand water issue IL6 Yazdi and Vathogi, 2013; Tamna,
Iran's mistrust of Afghanistan S1 20.155 Hag Panah af‘d Rahimi, 1399;
Using water to influence Iran S2 Sinai, 1390; Safav_l, .1385; Kavyani
Rad, 2015; Karimipour, 1380;
Social- Afghan immigrants S3 Karimipour, 2013
Culture Community Participation in Water Management S4
Public Awareness and Education on Water Issues S5
Water Use Efficiency S6
Stakeholder Engagement Level S7
Infrastructure Development Status IP1
Land Use Changes P2 Nagheeby, M., & Warner, J. 2018;
Irrigation Efficiency IP3 Sinaee, 3, 2012; Thomas, J., &
- Warner, J, 2015; Kamran, M., et al,
Infrastructure Drought Frequency and Severity IP4 ) )
- Physical Water Loss Assessment IP5 2017; O*Hara, 8, 2000; Wegerich, K,
Investment in Water Infrastructure IP6 2008, Dukhovny,.V., & Sokolov, V,
— - 2003; Ghanbari, A., et al, 2023;
Water P_rlcmg Mechanisms IP7 Krampe, F., & Warner, J, 2017
Rainfall Patterns P8
The results indicated that the composite

4.2. Measurement Model Analysis

Figure 1 illustrates the measurement model
output, including path coefficients, R? values, and
factor loadings. By established guidelines, the
factor

The accuracy of the model employed to identify
factors influencing water management in Harirud
as preventive responses was evaluated in three
stages: examining the model's Reliability and
validity, assessing  unidimensionality, and
determining discriminant validity.

4.2.1. Reliability and validity

47

Reliability of all constructs in the proposed model
exceeded 0.50, and their Cronbach's alpha
coefficients were more significant than 0.70. The
average variance extracted (AVE) for all
constructs was above 0.50. Therefore, all latent
variables in the proposed model demonstrated
appropriate validity and Reliability (see Table 3).
In this context, Reliability is assessed by
composite Reliability (CR), and AVE serves as a
measure of the internal fit of the model, reflecting
the consistency of items selected for measuring
each factor. This assessment illustrates the
correlation between the questionnaire items and
the respective factors. When these values exceed
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the recommended thresholds, it confirms that the
questionnaire items are reliable and sufficiently
valid for operationalizing the model. In essence,
this indicates that the measurement accurately
captures the target characteristic.

Loading values for observable variables should
not fall below 0.4. As depicted in the figure, all
factor loading values meet this criterion,
indicating their acceptability across all paths
analyzed. Furthermore, the R?values obtained
exceed the threshold of 0.4, suggesting a
substantial proportion of variance explained by
the model.

4.2.2. Unidimensionality

The standardized factor loadings (A) for all
indicators selected for the model constructs
exceeded 0.5 and were statistically significant at
the 1% error level (p < 0.01). This finding
supports the unidimensionality of the indicators
chosen  for the  measurement models.
Consequently, it can be asserted that the selected
indicators were appropriately chosen for
measuring the research constructs (see Table 2).
This result indicates that respondents shared a
consistent perception of the questions, as
differing perceptions could diminish the
measurement accuracy of the research instrument.

Table 2. The results of the fit of the measurement models.

Constructs Measi,;JerrtTe]ment A t Reliability and validity statistics
Gl 0.871 70.952
G2 0.684 23.706
G3 0.669 20.116
G4 0.725 20.68
G5 0.456 2.386
. .. AVE: 0.544
Geopolitical- hydropolitical (GH) G6 0.807 19.269 CR: 0.890 o 0.902
G7 0.760 22.816
G8 0.788 19.533
G9 0.800 24.869
G10 0.929 299.344
TE1 0.699 30.874
TE2 0.685 25.935
TE3 0.724 18.236
Technical and economic (TE) TE4 0.716 25.971 AVE: 0.507
TES5 0.726 26.899 CR: 0.861 o 0.864
TE6 0.773 20.083 T T
TE7 0.487 19.316
TES 0.766 28.741
TE9 0.908 25.203
IL1 0.740 17.428
IL2 0.686 25.614
Institutional-Legal IL3 0.662 25.847 i
(L) IL4 0.827 0.337 R _AOV851'8°£20°827
IL5 0.792 18.612 o o
IL6 0.673 277.95
S1 0.919 213.513
S2 0.718 0.457
Social- Culture S3 0.735 22673 AVE: 0.529
(SC) S4 0.784 27.438 : - 9
85 0_744 22.767 CR. 0.850 o. 0.852
S6 0.758 20.574
S7 0.723 26.041
IP1 0.614 19.449
IP2 0.303 59.057
IP3 0.717 21.399 ]
Infrastructure — Physical (IP) P4 0.736 21.97 R _A0V8E7'80£’%2889
IP5 0.706 2.489 T T
IP6 0.714 21.152
IP7 0.677 17.038

48
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| IP8 0708 | 23.74

Table 3. Correlations with square roots of AVE

Constructs 1 2 3 4 5 6
GG 0.728%
IBWM 0.929** 0.776°

IP 0.928** 0.909** 0.743°

IL 0.766** 0.751** 0.748** 0.721°%

SC 0.816** 0.869** 0.801** 0.666** 0.727°

TE 0.905** 0.890** 0.915** 0.744** 0.836** 0.737°
#the square roots of AVE estimate.
** Correlation is significant at the <0.01 level.

4.2.3. Diagnostic validity

It was found that the square roots of AVE for the
research constructs (0.728 < AVE < 0.737) were
generally more significant than their correlation

(Table 3)

Table 4. The summary of goodness-of-fit indices for the measurement model

(0.766 < r < 0.801), reflecting the diagnostic
validity of the constructs in the proposed model

Fit index SRMR d_ULS dG Chi-square NFI
Saturated model 0.135 17.357 n/a infinite n/a
Estimated model IBEM 0.135 17.357 n/a infinite n/a
=] TE2 TE1 Gt G10 (] 3 G4 &5 G ] ]
TE4 f mom 0725 0456 0807 0760 (70”00
Tssv\mu\ﬁ 0736 0717 \\\\ / //
‘\mm\\ /
0677
TE6 *0.7[b
5 o] Geopolitical- geoyraphical
0736
TE9 i
Technical iﬂﬂm’m’m\ 0.433
st -
* 0.004
2 Geopolitical- geographical
o718
s 0735 0929 Infrastructure - Physical
"uwg /0‘573/ e
4 1—0.744—. . 0908 maNLILS Institutional-Legal
(0‘75? \o‘m\_‘ -
s5 z:z% Social- Culture BwM 0.870 \S::\a\— Culture

56

57

L2 /
R

L3 40885

/.
0.724
/0,71 5//“47[!ional-Legal

0726 o773

L4

0.045

Technical and economic

0487 0766 0908 go4o oss 0662 0827 0792

o

NN

IP5 P& p7 P38

Figure 1. The path model with standardized factor loadings.

4.3. Measurement and structural model

The fit of the structural model, incorporating
geopolitical-hydropolitical, technical-economic,
institutional-legal, socio-cultural, and
infrastructural-physical variables, was assessed
using fit indices. The results indicate that the
structural model demonstrates a good fit, and the
research data adequately support the study's
theoretical model (see Table 5).
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As previously noted, the hypotheses were tested
within the study's conceptual model using path
analysis. The research path model, along with t-
values and factor loadings, is illustrated in
Figures 3 and 4. Table 6 provides a summary of
the results from the research structural model,
which are detailed in the following sections.
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Figure 4. The path model with t-values.

Table 5. Path coefficients: Mean, STDEV, T values, p values

Original Sample Standard deviation T statistics Result

sample (O) mean (M) (STDEV) (JO/ISTDEV))
Geopolitical- geographical -> IBWM 0.155 0.154 0.031 4.957 confirm
Infrastructure - Physical -> IBWM 0.278 0.272 0.069 4.003 confirm
Institutional-Legal -> IBWM 0.185 0.191 0.064 2.909 confirm
Social- Culture -> IBWM 0.172 0.173 0.010 17.749 confirm
Technical and economic -> IBWM 0.268 0.268 0.027 9.894 confirm

4.5. Testing hypotheses

This section presents the results for the final
effect of variables on integrated water resources
management of the Harirud basin (Table 5). The
hypotheses were tested with the bootstrapping
technique. All research hypotheses were
supported based on the results except the effect of
perceived barriers on management behaviors. It
was also found that the research variables can

account for 73.8% of water resources
management.

This research employed Structural Equation
Modeling (SEM) to identify the factors

influencing water resources management in the
Harirud basin. The analysis revealed that all five
relationships among the Integrated Basin Water
Management  (IBWM)  constructs  were
statistically significant. SEM indicated that five
variables—geopolitical-hydropolitical,

infrastructural-physical, institutional-legal, socio-
cultural, and technical-economic—accounted for
87.9% of the variance in water resources
management in the Harirud basin. In other words,
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these five variables effectively predicted 87.9%
of the wvariance in the water resources
management strategy for addressing water
resource risks in the Harirud basin (Table 1). The
research results regarding the hypotheses are
presented below.

The findings demonstrated that perceived
geopolitical-hydropolitical factors significantly
impact water resources management, supporting
Hypothesis 1. This result aligns with the report by
Kaviani et al. (2019) [30], which underscores the
importance of geopolitics-hydropolitics as a
positive factor. Policymakers must adopt serious
policies and diplomatic measures to address water
resource scarcity, particularly when they perceive
threats to water resources in the Khorasan region
due to international competition and pressure.
Hydropolitical issues compel policymakers to
seek strategies for risk mitigation.

Perceived technical-economic benefits positively
influenced policymakers' adoption of managerial
behaviors to address the potential water supply
crisis from the Harirud River. This finding
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confirms Hypothesis 2, consistent with the results
reported by Kaviani et al. (2019) [16] and
Gandahari et al. (2016) [8]. Policymakers and
managers recognize that their water management
behaviors impact themselves and society. These
incentives facilitate behavioral changes among
citizens and farmers, motivating them to adopt
coping and adaptation strategies [39]. Drought
and dam construction projects significantly affect
water supply security, thereby reducing the
productivity and efficiency of agricultural and
livestock products [40]. This reduction directly
impacts food production and indirectly affects it
[41], ultimately increasing production costs,
lowering farmers' incomes, and exacerbating
poverty in rural agricultural communities [42].
Therefore, if farmers believe that employing
drought management practices can mitigate these
adverse effects, they are likely to be more
motivated to adopt such strategies [43], as
drought management practices serve as a means
to reduce vulnerability to drought [44].

The findings indicate that physical infrastructure
categories significantly influence water resources
in coping with water scarcity crises, supporting
Hypothesis 3. This aligns with the studies
conducted by Sani et al. (2022) [45] and
Ghandahari et al. (2016) [8]. Perceived severity
suggests that individuals recognize that threats,
such as drought scarcity, entail various risks
(economic and physical) detrimental to both
urban and rural populations. Consequently, if
policymakers perceive the lack of transportation
infrastructure and drinking water supply as
critical, they will likely implement risk reduction
strategies. Previous research has demonstrated
that threat severity significantly influences the
adaptive responses of drinking water and energy
supply programs [46].

The results indicate that socio-cultural variables
significantly and positively influenced drought
management behaviors, supporting Hypothesis 4.
This finding is consistent with the studies
conducted by Zeweld and Huylenbroeck (2018)
[47] and Khoshsima and Mahjoubi (2019) [9].
However, these results are not entirely aligned
with the reports by RostamAbadi and Jalali
(2014) [48]. Social discussions typically reinforce
behaviors, as emphasis on  collective
participation, public awareness, and productivity
levels guide policymakers in utilizing reliable
social and collective behaviors. Therefore, if
policymakers implement training and outreach
programs that leverage local capacities for water
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conservation, they will gain actionable insights
and facilitate the adoption of new behaviors.
Nonetheless, this factor has often been
underestimated in efforts to motivate the adoption
of new behaviors that may pose a threat to
citizens [4].

The results regarding the perceived institutional-
legal impact on the region's water supply confirm
Hypothesis 5. This finding is consistent with
Janusz-Pawletta (2015) [49] reports. Previous
studies by Blanchon et al. (2012) [50] and King
and Sturtewagen (2010) [51]attributed the
significant influence of this variable on water
resources management to variations in country
approaches and the importance of participation.
Research indicates that institutional and legal
factors can shape policymakers' choices regarding
adaptation strategies and decisions [30]. Both
public and private organizations play a
fundamental role in facilitating the transition
from crisis to effective water resource
management in various contexts. This process is
crucial in guiding policymakers' decisions and
behaviors. Highly effective organizations set
ambitious goals, demonstrate strong commitment,
actively seek solutions to challenges, and
anticipate positive outcomes from their efforts. In
contrast, less effective organizations tend to avoid
challenging issues, exhibit weak commitment to
their goals, and focus on failures rather than
solutions when confronted with obstacles [52].
Consequently, research  demonstrates  that
institutional-legal factors significantly influence
water management and the achievement of
macro-level objectives.

5. Discussion

The management of water resources in the
Harirud basin is shaped by a complex interplay of
geopolitical-hydropolitical, technical-economic,

institutional-legal, socio-cultural, and
infrastructural-physical factors. Understanding
these influences is crucial for developing

effective strategies to address water scarcity and
promote sustainable management practices in this
transboundary region shared by Afghanistan,
Iran, and Turkmenistan. This discussion explores
these factors' significant roles in shaping water
management dynamics in the Harirud basin.

Geopolitical-hydropolitical factors significantly
influence water management in the Harirud basin.
The geopolitical landscape is characterized by
historical rivalries and power dynamics among
the riparian states, which complicate cooperation



Ali Mokhtari Karchegani et al/ Assessing the Determinants of Effective Water Resource Management Strategies in the Harirud River Basin

on water resource management. As Nagheeby and
Warner (2018) [5] argue, the control of water
resources often serves not only economic
interests but also geopolitical objectives that align
with national security concerns. For instance,
Afghanistan's upstream position allows it to
control water flow to downstream nations, while
Iran and Turkmenistan view this control as a
threat to their water security. The lack of a
trilateral agreement exacerbates these tensions,
leading to unilateral actions that undermine
collaborative management efforts. Consequently,
achieving  sustainable  solutions  requires
recognizing the geopolitical context and fostering
dialogue that emphasizes mutual interests among
all stakeholders [5].

Technical-economic factors also play a critical
role in shaping water management practices in the
Harirud basin. The perceived economic benefits
associated with infrastructure development, such
as dams and irrigation systems, often drive
investment decisions made by policymakers.
However, these decisions can have significant
ecological and social consequences if not
appropriately managed. Research by Kaviani et
al. (2019) [30] highlights that effective water
management strategies must consider the
technical capabilities of existing infrastructure
and the economic implications of water scarcity.
Policymakers must balance short-term economic
gains from infrastructure projects with long-term
sustainability goals to ensure water resources are
managed effectively for future generations.
Institutional and legal frameworks are essential
for facilitating cooperation and ensuring equitable
access to water resources in the Harirud basin.
The absence of robust institutions often leads to
fragmented  governance  and  ineffective
management practices. According to Sani et al.
(2010) [45], strong institutional arrangements can
enhance collaboration among riparian states by
establishing clear guidelines for water allocation
and conflict resolution. Furthermore, legal
instruments such as treaties and agreements can
provide a framework for addressing disputes and
promoting sustainable resource use. However, as
Ahmadzai, Saadatullah (2018) [28] noted,
existing legal frameworks often fail to account for
the unique hydropolitical dynamics of the region,
resulting in challenges for effective governance.
Social factors significantly influence public
perceptions of water management practices in the
Harirud basin. Community engagement and
awareness are crucial for fostering stakeholder
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cooperation and promoting sustainable water use
behaviors. Research indicates that social
discussions can reinforce positive behaviors by
emphasizing the importance of collective
participation [11]. When communities perceive
their participation in decision-making processes
as valued, they are more likely to adopt adaptive
behaviors contributing to effective water
management. However, low public awareness
about the implications of water scarcity can
hinder efforts to implement sustainable practices.
Finally, infrastructural-physical factors are
fundamental in determining the effectiveness of
water management strategies in the Harirud basin.
The condition of physical infrastructure—such as
dams, canals, and irrigation systems—directly
impacts the efficiency of water distribution and
usage [53]. Inadequate infrastructure can
exacerbate issues related to water scarcity by
limiting access to reliable water sources for
agricultural and domestic use. Therefore,
investments in infrastructure development must
be prioritized to enhance resilience against
droughts and improve overall water security in
the region.

In conclusion, effective water management in the
Harirud basin requires a comprehensive
understanding of the multifaceted influences
exerted by geopolitical-hydropolitical, technical-
economic, institutional-legal, socio-cultural, and
infrastructural-physical  factors. Policymakers
must navigate these complexities while fostering
cooperation among riparian states to address
shared challenges related to water scarcity. By
prioritizing dialogue and collaboration based on
mutual interests, stakeholders can work towards
sustainable solutions that promote equitable
access to water resources while ensuring
environmental integrity.

6. Conclusion

Water resources management in the Harirud
River Basin, spanning Afghanistan, Iran, and
Turkmenistan, is marked by intricate geopolitical
dynamics that heavily influence regional
cooperation and conflict. Historical rivalries
complicate collaborative efforts, often leading to
unilateral actions regarding water resource
utilization. The absence of a binding tripartite
agreement intensifies these tensions, underscoring
the necessity for dialogue and frameworks that
prioritize mutual benefits among the nations
involved. Economic factors further complicate
this landscape, as policymakers must navigate the
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immediate economic gains from infrastructure
projects like dams and irrigation systems against
the long-term sustainability of water resources.
Investments in such projects require careful
consideration to prevent exacerbating existing
inequalities or inflicting environmental harm.
Effective governance in this context demands
strategies that promote economic development
while  safeguarding  ecological integrity.
Institutional and legal frameworks are vital for
fostering cooperation among the riparian states
and ensuring equitable access to water resources.
Strong governance structures can facilitate
cooperation by establishing clear guidelines for
water allocation and conflict resolution; however,
weak governance often hinders these efforts,
necessitating enhancements in institutional
capacities and robust legal agreements to achieve
effective transboundary water governance. Socio-
cultural elements significantly influence public
perceptions and behaviors regarding water
management. Engaging communities in decision-
making processes fosters a sense of ownership
and encourages adaptive behaviors that contribute
to sustainable resource usage. Public awareness
initiatives are crucial for educating stakeholders
about the implications of water scarcity and
promoting collective participation in management
efforts. Thus, effective water management in the
Harirud  Basin  requires an integrated
understanding of these interconnected factors.
Policymakers should prioritize cooperation
among Afghanistan, Iran, and Turkmenistan
while fostering dialogue based on shared
interests. By addressing geopolitical tensions,
investing in sustainable infrastructure,
strengthening institutional frameworks, and
engaging communities, stakeholders can work
towards equitable access to water resources. This
comprehensive approach is essential for ensuring
the long-term sustainability of this vital resource
while  promoting  regional stability and
cooperation among the riparian countries.
Ultimately, a commitment to shared governance
will pave the way for a more sustainable future in
the Harirud Basin that benefits all involved while
preserving precious water resources for future
generations.
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