Original Article I

Journal of o 8
Aquifer and Qanat & I

Spring and Summer 2027, Vol. 7, No. 1, pp 273-307

*

TN
d.) 10.22077/jaaq.2026.11657.1150

Foresight of Water Resources in Yazd Province Based on Geo-Political
Drivers

Mohammad Sadegh Talebi"™ "' | Seyed Reza Hashemi?

1. Assistant Professor, Department of Geography, Faculty of Humanities, Meybod University, Meybod,
Iran.
2. MSc Student, Department of Geography, Faculty of Humanities, Meybod University, Meybod, Iran.

HCorresponding Author: talebi@meybod.ac.ir

Received: Extended abstract
09 June 2026 Introduction

_ Water is a vital natural resource, forming the foundation of human life (Ishak
Revised: et al., 2024) and playing a key role in societal development (Liu et al., 2025).

04 August 2026 Currently, significant population growth has led to challenges such as water

scarcity (Liao, 2024) and the depletion of scarce global resources (Prabha et
al., 2020), rendering water scarcity a defining 21st-century global challenge
that threatens environmental and societal stability (Talebi & Karimi, 2023).
Notably, only 2.5% of Earth's water is fresh and potable, with most
sequestered in groundwater (Okello et al., 2015). Annual global water
consumption is 4,600 cubic kilometers—an eightfold increase over the last
century—and is projected to rise by 30% by 2050 due to rapid population
growth (Zhong et al., 2023). While water scarcity is global, it is more critical
in arid and semi-arid regions (Farhaza, 2024). Iran, located within the global
arid belt (Nasri Fakhr Davoud, 2024), is characterized as a dry region (Talebi
& Fatemi, 2020), with one-third of the global average precipitation and three
times the average evaporation rate (Fathi et al., 2014), while its central areas
are largely deserts (Hosseini et al., 2024). Yazd Province, the study area, is
located in central Iran (Dastorani et al., 2011) and is classified as an arid
region with a hot desert climate (Seddighi Moghaddam et al., 2021). Annual
precipitation in Yazd is estimated at 2% of the national total, with 90% lost to
evaporation (Bonyad et al., 2022).
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Alongside climatic constraints, managerial inefficiencies and over-exploitation of aquifers have accelerated
the water crisis (Seddighi Moghaddam et al., 2021). Consequently, water management in Yazd is no longer
merely a technical-hydrological challenge, but is directly influenced by geopolitical drivers and macro-
governance variables. The complexity of these factors has created unstable prospects for the region's water
resources, rendering traditional approaches inadequate. Therefore, it is essential to employ futures-oriented
approaches to analyze key drivers and understand the forces shaping the province's water resources.
Accordingly, this research analyzes the geopolitical drivers affecting water resources in Yazd Province to
provide a proposed framework for identifying key variables and formulating strategic approaches

Materials and Methods

The present study utilizes an applied research design with a descriptive-analytical approach. In the first
stage, 53 initial variables were extracted through a comprehensive review of theoretical literature and an
analysis of macro-level water management documents to identify the geopolitical drivers affecting water
resources in Yazd Province. These variables were then refined through a three-round Delphi process. This
process involved a panel of 12 senior experts and managers, purposively selected from the fields of
climatology, geopolitics, hydrology, and environmental sciences. To minimize subjectivity and enhance the
validity of the results, the experts were provided with detailed statistical reports on the province's water
status to ensure that the scoring process was based on quantitative realities. The consensus among the
experts was validated using Kendall's Coefficient of Concordance, which reached 0.734 in the final round,
indicating a high level of agreement. Using a seven-point Likert scale, variables with a mean score below
3.5 were excluded, resulting in 30 key drivers for the final analysis. To identify the structural position of
these variables, MicMac software was employed through a 30x30 cross-impact matrix, where influence was
scored on a four-point scale. Two iterations of analysis were performed to capture indirect effects and ensure
a stable ranking of the drivers. Consequently, the variables were categorized into four groups: independent,
dependent, relay, and autonomous, providing a strategic basis for the optimal management of water
resources in Yazd Province.

Results and Discussion

The structural analysis of the water resource system in Yazd Province, conducted on a validated 30%30
matrix, suggests that the system is characterized by a highly complex and interdependent network (fill rate:
84.33%). The MICMAC analysis identifies a "Strategic Power Triangle" comprising Multi-Level
Governance (P2), Agricultural Paradigm Shift (E6), and Internal Hydro politics (P1), which appear to act
as the primary structural drivers within the system. A critical systemic paradox is noteworthy regarding
Multi-Level Governance (P2); while it exhibits the highest influence, it simultaneously demonstrates the
highest dependence, suggesting that governance reforms might be heavily contingent upon broader
economic and political stabilizers. Further examination of the direct, indirect, and potential relationship
graphs reveals that the indirect analysis appears to highlight the role of "hidden levers," such as Land-use
Planning (P3), in steering long-term developmental trajectories. Moreover, the potential relationship
analysis suggests a possible future shift, wherein technological drivers (e.g., smart irrigation and real-time
monitoring)—currently perceived as supportive tools—could potentially emerge as primary catalysts for
socio-environmental transformation. Collectively, these structural findings have been interpreted by the
researchers as suggesting that the system may exhibit significant structural resistance. Accordingly, isolated
technical interventions might prove insufficient on their own, and within this interpretative framework,
achieving long-term water sustainability would likely depend on a proactive, integrated strategy targeting
the intersection of governance, agriculture, and hydro political diplomacy to potentially trigger systemic
changes across environmental and social dimensions. However, it is crucial to emphasize that these latter
interpretations are derived from the researchers' analytical perspective on the MICMAC output, rather than
definitive outcomes; they should be viewed as probable pathways that require further empirical
investigation and adaptive management.

Conclusion

This study, employing Delphi and MICMAC structural analysis, aimed to identify the key geopolitical
drivers influencing the probable future of water resources in Yazd Province. The structural findings suggest
that the regional water system may suffer from underlying instability, with "governance," "agriculture," and
"hydro politics" emerging as the primary structural drivers and systemic leverage points. Based on these
structural findings, the researchers interpret that water security in the province may depend less on purely
technical solutions and more on comprehensive governance restructuring, optimization of cropping patterns,
and proactive management of inter-provincial hydro political dynamics. Furthermore, the feedback loops
observed in the relationship graphs, particularly those involving land subsidence, have been interpreted as
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underscoring the likely necessity of a systemic, non-linear approach to policy-making. Ultimately, these
findings offer a probabilistic roadmap for policymakers and senior managers in Yazd Province, suggesting
that any future intervention would benefit significantly from flexibility, continuous monitoring, and active
stakeholder participation. However, given the exploratory nature of the MICMAC methodology and the
inherent uncertainties in expert-based judgments, it is crucial to emphasize that these conclusions represent
the researchers' interpretations of the structural data. They should therefore be viewed as probable pathways
rather than definitive certainties, and further empirical or mixed-method research is recommended to
validate and refine these strategic insights.
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This study aimed to identify the drivers of change affecting water resource sustainability through
historical trend analysis and scenario development. The findings showed that institutional

fragmentation and geopolitical effects are major drivers, and that water management is influenced
more by governance structures than by purely technical issues.
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Governance and Geopolitics as Drivers of o0 ot al. (2015)
Change in the Great Lakes and St. Lawrence
Basin
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This study aimed to accurately predict urban water demand in Yazd using deep learning models Predicting Monthly Water Consumption Niknam et al.
imati i seng y ~OnSuTpLion (2023)
(LSTM). The results showed that climatic factors, particularly mean temperature, have the Considering the Effects of Climatic Factors in
strongest positive and direct effect on water consumption. The use of hybrid models (MV-LSTM)

Yazd, Iran
provides higher accuracy in predicting consumption patterns in water-scarce environments. ’



VP uL.w.:l: 9 )LQ(.’ A O)LQ.:) A% 0)9.) «lid 9 ul}?ui d..l?m

poadlS g S| cyg 138 40 Sogll 51 ;o YL L....MJ S lom 5l 5 2liplb w su> oK) 529 saiaslis muls Wt S glagasly ulul p Gasldl Ol col S oLl

u*i'-"’ Ql}l.é )‘l L_,,“;L: LSL"’LQ‘)L‘*:-.’ )l.g 9 QL.J‘ CeoMw g_im.g_)

S Ol et (2lnwg) @sloz 5o
This study assessed drinking water quality and analyzed health risks associated with heavy metals Assessment of Drinking Water Quality Based . .(Y vH
in rural areas of Yazd. The results indicated serious carcinogenic risks and a relatively high ~ on Quality Indices, Human Health Risks, and ~ Saeidi et al. (2024)
disease burden associated with contamination by metals such as arsenic and cadmium, Disease Burden from Heavy Metals in Rural
highlighting the need to reconsider safe water supply strategies and regional water quality Communities of Yazd County
management within development plans.
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, , . : . L (2025) / Dehghan
This study aimed to develop an innovative framework for assessing water resilience in arid Assessment of Water Resource Resilience Dehnavi et al.
regions, particularly Yazd. The findings indicated a low level of water resource resilience (33%) through the Analysis of Groundwater, Surface (2025)
and projected a significant decline in surface water availability in the future, highlighting the need =~ Water, and Urban Functions in the Yazd-

to integrate resilience indicators into regional planning. Ardakan Plain, Iran
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This study analyzed water consumption in industries in Yazd Province during 1995-2015. The results
showed that the annual growth of water consumption was more than three times the growth of value

added. The significant gap between the marginal value of production and the price paid for water
resulted in rent-seeking and the expansion of water-intensive industries in Yazd Province.
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This study systematically examined the factors affecting water resources and consumption and
developed alternative futures using the Delphi method, structural analysis, and scenario planning. The

results identified 15 key factors and developed two highly probable scenarios, revealing a significant
gap between the current situation and sustainable development goals in the Tabriz region.
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This study examined the security and military consequences of the water crisis in border regions using
the Delphi method and scenario planning. The findings indicated that changes in precipitation patterns
and inappropriate policymaking are major crisis-driving forces. Accordingly, comprehensive scenarios
were developed to enhance preparedness and formulate defensive policies in border areas.
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This study examined the factors affecting water resources and defined alternative futures using expert
interviews and scenario planning. Four scenarios—green, red, yellow, and orange—were developed.

The findings showed that enhancing environmental awareness and value-based governance are the most
critical factors for sustainable development and water resource conservation.
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Analysis of Water Consumption in Mohebi et al.
Industries in Yazd Province (2019)
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Water Resources Management Scenarios Beheshi et al

Based on a Futures Studies Approach: A (2020) ’

Case Study of Tabriz County
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Futures Studies of the Security Zinati Fakhrabad
Consequences of the Water Resources & Asgari
Crisis in Iran’s Border Regions Moghadam (2021)
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Future Scenarios of the Water Crisis ”( )' .
toward 2050 Haji Ghadiri &
Goodarzi (2022)
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This study analyzed decision-making processes and managerial performance in water governance in 37 % 2l s gl
Yazd using a qualitative approach and grounded theory methodology. The findings showed that the ~ Pathology of Water Governance in Yazd

OF)) oL, Ken 5 ol
Bonyad et al. 5

(2022)
regional water governance model is characterized by rent-seeking, command-based, and top-down
practices, accompanied by insufficient attention to sustainable development and disregard for the rights
of future generations, ultimately resulting in ineffective stakeholder participation.
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' , o SIS S e , Futures Studies of Water Resource Yarachi Fard & 6
' This study al.med to identify the key drivers of water remhenpe using thg: Delp}n method a}nd Cross- Resilience Using a Scenario-Based ght e .
impact analysis (MICMAC). The results showed that five major factors, including population growth Planning Approach: A Case Study of the Shokouhi Bidehndi
and changes in cropping patterns, are critica! drivers, while maintaiping groundwater resources Zayandeh-Rud Watershed (2025)
represents the most challenging pathway for the region’s future.
diliie (5))liS a8 ol (lis Laasdly ad plosil g il ) (55,9liS S game wdoi 5 )L Gl alal; s5USTy S b gy
Sygpo p addllas ol 13 0,5 9925 Y guame o, Slas g i)k (e (g boline (Koot § ol oy ol lie 4 dtusly Saiay )
05T dilate 8 el rads gl megns Lo i 1 Lid LS 5 (a5 oy sl drosgi el dwlylS gy 4y a5 Obl )0 @138 ol g O e AL Sty (o) 2
S 5 OF0) aile 5 b
This study examined the relationship between precipitation and agricultural production in Yazd Assessment of Pr601p1tat19n, Water Talebi 5(5) ;asheml
Province. The findings showed that agriculture in the region is highly dependent on groundwater Resources, and Food Security in Yazd (2026)

resources and that there is no significant correlation between precipitation and crop yields. Therefore, Province
the study emphasizes the need to transition toward efficient water management, develop modern
irrigation systems, and reduce pressure on groundwater aquifers to ensure regional food security.
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Location of Yazd Province in Iran Country
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Table 5. Key Geopolitical Drivers of Eater Resources in Yazd Province
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Operational Definition and Analytical Basis

Ol Olae
Driver Title

a5
Code

Sl

Dimensions
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Assessing the interaction between population growth, driven by recent migration to the province,
and the ceiling of domestic water demand, as well as analyzing conflicts in resource allocation
among domestic, industrial, and agricultural sectors in strategic areas of the province.

P edyae 6ol )l it b oo ez wile il S s slaculiw plp o anele Caslie b (B pdy Oliee Ghoiw
N
Assessing the level of social acceptance or resistance to stringent policies, such as water
rationing or mandatory changes in consumption patterns, in traditional and modern communities.
ool Gk oSBT b laiisd Slova 5 55,80b sleal 5 jpomalolis 5 S, OxsSlles 5 Ghndy Gliee 25
ol o8ly (695250 b (golazdl
Assessing the acceptance and operationalization of a demand-driven approach in planning
documents and stakeholder decisions, with emphasis on aligning economic activities with the
actual availability of water resources.
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Analyzing the gap between legal water rights and actual access to water and its effects on social
sustainability in rural areas and urban peripheries.

Seals QT Sl @Tpfbw)ofz 4 als D38l g yudrd (gl 5l axel> slo gl g (L8, Loy s 3
izl sbay )5 (555,808 Lol
Examining changes in social behavioral patterns and beliefs, from attempts to secure and expand

water resources toward coexistence with water scarcity, and assessing their effects on reducing
unnecessary demand across social groups.
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Analyzing the influence of crisis-oriented or hopeful narratives on private-sector investment
decisions and citizens’ consumption behaviors.
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Population Dynamics and Conflicting Demand
for Domestic, Industrial, and Agricultural Water

Social Resilience to Structural Changes
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Acceptance of Demand-Driven Models in Water
Resources Planning
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Distributive Justice and Potential for Water
Conflicts
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Social Capital and Collective Acceptance in
Water Resources Crisis Management

Perceptual Effects and Media Narratives
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Analyzing the risk of water weaponization in interprovincial interactions and assessing the
province’s vulnerability to disruptions in out-of-basin water supplies.

50l Jal gl 4y 35Tl Sy
Strategic Dependence on Inter-Basin Water Ti
Transfer Lines
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Assessing the environmental and economic sustainability of alternative water supply options, ~ Unconventional and Alternative Water Supply T2
such as deep saline water desalination or seawater transfer, as tools for overcoming water Technologies
scarcity constraints.
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Analyzing the potential for replacing freshwater with treated wastewater, with particular Circular Water Economy T3 Technological &
emphasis on the reuse of municipal wastewater in production and agriculture to reduce pressure Infrastructural
on pristine water resources.
Sealizs My bl szl S8 Ca slabasd slos 55 5b 5 (6 S e slo 3l 4 aiation il slaosls o gl el hlasd 3 Slhes Cu e & oy (il 5 I
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Transforming smart monitoring data into decision-making tools and real-time feedback Transition from Descriptive Monitoring to Real- T4
mechanisms to control water extraction based on dynamic aquifer balances, ensuring that Time Operational Water Extraction
monitoring leads to effective management. Management
g ; . 4 Sl Sy 5 @235 ol 3 S5l il (6 ppdycen]
2l @AY 3 g GRIBl Sl ol falS p mie GaSd ileg Sl o) -
Examining the effects of distribution network modernization on reducing non-revenue water and ) I i b"r ¢ Distribufi T5
improving efficiency at the final distribution level. Strategic Vulnerability of Distri uFlon )
Infrastructure and Water Supply Security Risk
2 4Vl pigasans b )b b (65,5LaS tloy liee JolS ket Ban L stedon 5 380 (o)lol slaptias S9i3 Ll Cudib e 500, 5 kel (s Slasid S
R ,m., KU T6
Analyzing the adoption of precision and smart irrigation systems to fully align agricultural water Advanced Irrigation Technologies and
withdrawals with the annual renewable capacity of each plain. Renewable-Capacity-Based Water Use
b ] 23 IS 4 5y b5 mbio 4 il sl g sl Ko 5 -
A S e S S st ok
nalyzing the risk of structural dependence of the provincial economy on tile and stee . . - . .
yzing ! P prov Y Economic Lock-In in Water-Intensive Industries Economic

industries and assessing the costs of transitioning toward less water-intensive economic models.
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. . ) : ) Optimization of Economic Returns per Unit of Water E2
Analyzing the ratio of gross production profit to water consumption across different sectors to

. . Lo . o Consumed
identify and prioritize high-value-added activities.
slasygld 5o lTale s 4 glio ol i g S (G5 Lol oiloil g (3ly laieesd lEiul S (w2 Reform of C1 ¢l sbaaill Bias 5 5 i cansd sl ol
.Examining the effects of implementing realistic and deterrent water prices on changing s ;L Water Pricing and Removal of Hidden Water E3
cropping patterns and encouraging industries to invest in water recycling technologies. Subsidies
ASSESSING s 3l aiile (g Jbo slalpl sk §) ol aias 5 (5)lo g5l slaedsy 1y ey i cod b Green ogas il 5 o o s sl e s

the capacity to attract investment for aquifer management and wastewater treatment projects

. . e Fi ing Model Private Investment
through innovative financial instruments, such as green bonds. inancing Models and Private Investmen

Sges il 10 «onig d 5l 25U (glojlu Dl s 05940 ( crds wilo po 5 51 LU goladl glaas o aule
.Calculating the economic costs of natural capital degradation, particularly o #l,5cul GosolisS Cost-Benefit ol alo j o 56 ol - anja Jlos

. : . ES
structural damages caused by land subsidence, compared with the short-term benefits of water Analysis of Natural Capital Degradation
extraction.
i5u o Lol oo oS L olps Syl mal & ol e oS ool s cud b o
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-Analyzing the potential for ShHNg aily Jelie soifile 5 ol eaiiSidyae (2 55,5 Olsiew i Shifting the Agricultural Economic o433l 35| 6

cropping patterns from water-intensive crops to strategic low-water-demand crops, emphasizing
demand management in agriculture as the largest water-consuming sector and the replacement
of water-dependent livelihoods.

Paradigm from Volume-Based Production to Value-
Added Production

Gilooyd b b T 5l g a5 ST a1 5 i 5 g Loy (S5 5 0 51 Gy ey oz il Lulos
.Analyzing the cumulative effects of over-pumping ss, o cews 3l dian lp 53,12 03 s o lysol Risk of laglssul (5,5le o 56 6 pdiliciS sl S, ENI
on layer compaction and land subsidence and identifying the threshold beyond which the water ~ Irreversible Structural Degradation of Aquifers

storage capacity of the Yazd-Ardakan aquifer is permanently lost.
Examining b sl ;0 5505 &5 Gl g a¥lo 4,355 5 3L oofl o 5 Sl Gale)S Jolite 1 us)
the interaction between global warming and changes in precipitation patterns on annual
recharge and increased evaporation rates in surface water resources.
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.Analyzing complex hydrogeological effects, including irrigation return flows, lagssul s e

Climate Stresses So5¢lg,0ud ko ysd 5 coddl sla il EN2 el ;
and Changes in the Hydrological Balance Environmental

leord O3l 5 (Sa3glgse e Iie sloanl
i ) i ] ] X Hydrogeological Interactions and Aquifer Loyl EN3
wastewater infiltration, and natural processes, on chemical balance and increasing aquifer

T, Chemical Balance
salinity.



3l 5 (b [(Seksi) slaglpine shos 05 ol O i (pogen]

Monitoring the o1 sl coiligs cosel 5 ol 5 s sl sl 4 aio sooa¥T 5 (oXiw Sl Seis 2l - g Cotel wags s o qlie (&S o 58
infiltration of heavy metals and industrial pollutants into aquifer layers and assessing their Qualitative Degradation of Water Resources .,; EN4
effects on water resource health security. and Threats to Health and Biological Security
Sl mhans (53,51 Vb 0 Coibso (i Shomis 5 (35 oS Olpez )0 (Exkas 4035 (00 slaghs, il (23l Effectiveness St glaw cuiS il 5 esiae 435 sl
.Assessing the effectiveness of modern artificial recharge methods in compensating for lJs>]  of Artificial Recharge and Recovery of the Static ~ ENS
aquifer storage deficits and measuring their success in raising aquifer static water levels. Water Level

inwsST pILES 3 ()56 5 amecon) (S8l 4 yamie dnwgs 4558 (ol 5l 51,3 A lalia] v s

Ecological Carryving co:deS] & i s b i
.Determining the threshold beyond which any further development would result in ss 5 cological Carrylng Su3lys (id <odsb

. EN6
Capacity Threshold

ecological collapse and irreversible ecosystem degradation.
2 el Skl (e S Tae slaglinl 5 35 il oo S35l sl § 08 Salas ol Domestic S e glie ju 5 <y 5 J5s Seitlig onn
.Analyzing power interactions and strategic competition between Yazd Province and assily Hydropolitics and Competition over Shared Water ~ P1
source provinces to ensure long-term water supply security. Resources
65,98 ez Sylig (5o ot 5 095 Silig ecnal SWgie s (e Lo la5 5 (6l wdlis ol 4lSTy

- . . S i Multilevel _isuips Slo,les co poe g xbawdiz Sl
.Examining structural conflicts of interest and managerial disputes o g 345 5 arass glaceslo S i

Governance and Management of Intersectoral P2

between water supply authorities, particularly the Ministry of Energy, and water-use authorities, Conflicts

particularly the Ministry of Agriculture Jihad, in water allocation and distribution policies.

Alignment <G560g,000 slacasgame b ey siabel lilail
.Analyzing the extent to which industrial location permits and urban development are )t £ 23155R slaseds PO SR S

. ; . . ; P3
. . ) .. o of Spatial Planning with Hydrological Constraints
aligned with the province’s actual water capacities and water-sensitivity maps.
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.Assessing the gap between water resource protection laws and enforcement capacity, 46,.¢  Gap between Water Resource Protection Laws ks P4
with emphasis on local governance barriers to combating illegal water extraction. and Enforcement Capacity
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.Analyzing the bargaining capacity of provincial managers within the Supreme Water s, e O Snfensd AN

Diplomacy within the National Strategic Decision- P35

Council to secure concessions consistent with Yazd’s specific climatic and industrial Making Structure

characteristics.
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.Analyzing physical and cyber security risks to water transmission lifelines and control s, Security of Critical Infrastructure and System P6
centers and assessing system resilience in the face of crises. Resilience
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Table 6. Descriptive Indicators and Statistical Characterictics of the cross-impact matrix

INDICATOR VALUE
Matrix size 30
Number of iterations 2
Number of zeros 141
Number of ones 256
Number of twos 314
Number of threes 189
Number of P 0
Total 759
Fillrate 84.33334%
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Fig 2. Direct dispersions map of key variables
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Table 7. Ranking and comparative Analysis of Top Drivers Based on Influence and Dependence Indicators
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Indirect Indirect Direct Direct Driver Title Code Rank
Dependence Influence Dependence Influence
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Multilevel Governance and Management of Intersectoral Conflicts
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408 419 406 420 Shifting the Agricultural Economic Paradigm from Volume-Based E6 2
Production to Value-Added Production
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Domestic Hydropolitics and Competition over Shared Water Resources
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Reform of Water Pricing and Removal of Hidden Water Subsidies
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Extraction Management
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Alignment of Spatial Planning with Hydrological Constraints
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Risk of Irreversible Structural Degradation of Aquifers
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Direct influence graph
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Fig 3. Grapf of direct influence among geopolitical drivers affecting the future of water resources in Yazd
Province (100% factor coverage)
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Indirect influence graph
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Fig 4. indirect influence among geopolitical drivers affecting the future of water resources in Yazd
Province (100% factor coverage)
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