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lity of

The water crisis in semi-arid regions like Southokdsan has been exacerbated by
drought and aquifer depletion. The establishmenthef Qaenat Steel Plant in the
Nimbeluk Plain, with its high water consumption amvironmental impacts, poses
a threat to the future of water resources and husesitements in the region. This
study aims to provide intelligent management sohgiby condugcting a foresight
analysis of water issues, focusing on the impaictseosteel industry. The research is
descriptive-analytical with an applied objective&da%ta%@ llected through
library and field methods (interviews.and uestmipgs). The statistical population
consisted of 11 regional and wawﬁ;xr}%a@\ g expsetected through convenience
sampling. Thirty-six variabl ecting “water resms were identified, and key
drivers were Wd u@ structural analysislicMac software. Subsequently,

was used to assess the impacesé tirivers in probable scenarios,

Wior@aﬁe
d the data were analyzed using scenario plararidgScenario Wizard software.

The results identified urban drinking water qualityater supply quality, migration
tendencies, water access, and the use of Qaerds wastewater as key drivers.
Scenario analysis indicated a dominance of undasirascenarios (75%),
highlighting the need for optimal water resourcenagement and mitigation of
industrial pressures. This study provides a fram&vior short-term, medium-term,
and long-term policymaking by forecasting water sionption patterns in the
Nimbeluk Plain to achieve sustainable developmemt effective water resource
management.
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EXTENDED ABSTRACT

INTRODUCTION

The water crisis in semi-arid regions like Southokdsan, Iran, poses a significant threat to
sustainable development and human settlementseideied by prolonged droughts, overexploitation
of groundwater, and industrial activities. The Nehtk Plain, located in Qaenat County, faces acute
water stress due to declining aquifer levels, lamdsidence, and the water-intensive operationseof t
Qaenat Steel Plant. This study employs a scenlmmimg approach to conduct a foresight analysis of
water issues in the human settlements of the Nimkb&llain, with a specific focus on the steel
industry’s impact. The research aims to identify Keivers influencing water resources and develop
probable scenarios to inform short-, medium, amtgiterm policymaking for sustainable water
management. Multiple factors, including climate oy, population growth, and mismanagement of
water resources, drive the water crisis in Soutloriiban. In the Nimbeluk Plain, 99.5% of water
consumption relies on groundwater, leading to seeguifer depletion and the designation of 26 out
of 35 plains in the province as restricted for astion. The Qaenat Steel Plant, with a water
consumption of approximately 1.2 liters per kilagraf steel and an initial production capacity
requiring over 700,000 cubic meters of water arnguahtensifies pressure on the region’s limited
water resources. This industrial activity, coup¥gith agriculture’s dominance (consuming 93.5% of
extracted water), threatens the sustainability whan settlements and increases risks such as land
subsidence and migration. This study adopts a giiseranalytical methodology with an applied
objective. Data were collected through library sgsh and field methods, including interviews and
guestionnaires. The statistical population comgridd experts in regional and water planning,
selected via convenience sampling. Thirty-six \#da affecting water consumption were identified
and analyzed using structural analysis in the MicMaftware to determine key rivefs. Subsequently,
a cross-impact matrix was developed, and data weseessed using Scenakig, Wizard software to
generate and evaluate probable scenarios. The iDekgthod as%emﬁ yed to define five possible
states (from desirable to critical) for each keiyelr, forming, the, basis*for scenario developmehie T
results of the structural analysis revealed a bighbtaw tel consumption system in the Nimbeluk
Plain, characterized by complex interactions a ' ral, human, and industrial factors. Five key
drivers were identified: urban drinkin tef-qtaliwater supply quality, migration tendencies,
water access, and t iliz io@oﬁQaen's urbastewater. These drivers were pivotal in shapieg th
future of water %Mthe region. The séermmalysis produced eight strong scenarios, with
75% indicating undesirable outcomes (intermediateritical, semi-critical, and critical states).bla

1 summarizes the key drivers and their probabl¢estahighlighting their influence on water
management outcomes.

DATA AND METHODOLOGY

This descriptive-analytical study with an appliebiextive examines water issues in the Nimbeluk
Plain, Qaenat County, South Khorasan, and Irana Reare collected via library research and field
methods, including interviews and questionnaireth il experts in regional and water planning,
selected through convenience sampling. Thirty-sériables affecting water consumption were
identified and analyzed using MicMac software téedmine five key drivers: urban drinking water
quality, water supply quality, migration tendenciegater access, and Qaen’s urban wastewater
utilization. Scenario planning was conducted usBaenario Wizard, with a 25x%25 cross-impact
matrix based on five probable states per driveiived via the Delphi method with nine experts. This
generated eight strong scenarios, 781 weak, and 31 mconsistent scenarios.

RESULTS AND DISCUSSION

This foresight study on water issues in the NimbéNain, South Khorasan, Iran, with a focus on the
Qaenat Steel Plant, revealed a highly unstable rmedesumption system driven by intricate
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environmental, social, and industrial interactiodsing MicMac software, 36 variables influencing

water resources were analyzed, identifying five kigwers: urban drinking water quality, water
supply quality, migration tendencies, water accasd, utilization of Qaen’s urban wastewater.
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Figure 1: Distribution of Variables Based on Di T pastd/ariables. Source: Authors, 2025
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Scenario Wizard generated ein@ ariagth wW5% projecting undesirable futures
(intermediate-to-critjcal, semi@rg , and ocdl), underscoring the urgent need for strategic
interventions tOQ\S&Mnme al, social, aoohn®mic crises.

Qo

Table 1. Summary of Scenario Analysis for Water Maagement in Nimbeluk Plain

Scenari Overall Stat Overall Stat Influencing Factor Influencing
Enhanced drinking Increased household
Scenario 1 Desirable water quality and water use, reduced  Desirable
resource access salinity
Slight improvement in Increased household
Scenario 2 Desirable drinking water quality, water use, reduced  Desirable
needs attention salinity
. . Status quo persists, nc ~ Stable population and .
Scenario 3& 5 Intermediate notable change water quality Desirable
Scenario 5 Intermediat-  Rising drinking wate Stable water use ar Desirable
to-Critical  pollution, quality at risk salinity
Declining water suppl .
Scenario 6 Critical quality, increased Stable populat_lon and Desirable
) ; water quality
migration
Scenario 7 Critical Severg decline in wat Unchangeq consumptic Desirable
guality and access and funding patterns
Scenario 8 Critical Severe pollutionan  Unchanged consumptic Desirable

water quality decline and funding patterns

The analysis highlights the Qaenat Steel Plangsifitant pressure on water resources, consuming
1.2 liters per kilogram of steel and over 700,000amnually, alongside agriculture’s 93.5% share of
water use. These factors, combined with groundwaterextraction, contribute to aquifer depletion
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and land subsidence, threatening human settlemBasirable scenarios (1 and 2) demonstrate
potential for improved water quality, reliable siypmnd reduced migration through wastewater reuse
and water-efficient technologies. However, critisaénarios (6—8) warn of severe pollution, reduced
access, and mass migration if current trends coetiraligning with Hassaniyan (2024) on
environmental injustice and Shirzaei et al. (20@1)rreversible subsidence.

The MicMac analysis showed technology for watemuntidn as the most influential indirect driver
(score: 541), followed by urban drinking water dtyalgroundwater quality, water treatment quality,
and annual precipitation (each scoring 512). Adiucal water consumption was the most dependent
variable (score: 562), emphasizing its vulnerapitit system changes. The unstable system, with
variables clustered near the scatterplot centaticates strong interdependencies, complicating
management efforts but highlighting the pivotakrof key drivers.

These findings align with Joadi et al. (2023), ver@ss aquifer vulnerability forecasting, and Bélies

et al. (2021), who advocate scenario-based wateagsment. The study’s emphasis on technology
echoes Qin et al. (2019), noting innovation’s iialenitigating water crises. However, the steel fan
expansion without sustainable water sourcing riskacerbating ecological damage, necessitating
immediate policy shifts toward integrated managdmencluding industrial water recycling,
agricultural reform, and enhanced wastewater itrinature.

CONCLUSION

This study provides a strategic framework to adsltbe water crisis in the Nimbeluk Plain, South
Khorasan, Iran, focusing on the Qaenat Steel Rlantpact. Five key drivers-urban drinking water
quality, water supply reliability, migration tends®es, water access, and Qgen’s wastewater
utilization-shape the region’s water future. Scenanalysis revealed 75% undesi able outcomes
(intermediate-to-critical, semi-critical, and oc#i), signaling risks of enwren social, and
economic crises. The steel plant’s high water dse liters/kg >7sg)0°0 §féar) and agriculture’s
93.5% consumption exacerbate groundwater deplations Wﬁ achieve desirable scenarios,
policymakers must: (1) implement water regycgl@}ﬁe gtpel plant, (2) invest in wastewater
treatment, (3) promote Iow-waterm e@tjmngatlon (4) monitor aquifers, and (5) raise
public awareness. This model ther seidiregions, but the small sample size (11 experts
and limited data,s r/studles are nedtligdout action, pollution, reduced access, and
migration will intg ; eatenlng sustainalyilit
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