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Extended Abstract

Introduction: The main goal of this study was to analyze and forecast the health condition of watersheds within
third-order catchment basins across Iran, based on the variability of dynamic factors and their quantitative
influence on future watershed health. The research takes a forward-looking approach, aiming to evaluate the state
of watershed health for the years 2033, 2043, and 2053. The introduction highlights the importance of conserving
and maintaining water and environmental resources for sustainable development, especially in a country facing
diverse climates and significant human and environmental pressures. Watersheds play a vital role in water supply,
flood control, and biodiversity conservation, making it crucial to understand the factors affecting their health.

Materials and Methods: In the study, key indicators and criteria influencing the health of priority watersheds in
the country were collected and analyzed. These indicators were divided into two groups: static and dynamic.
Initially, 173 indicators related to environmental, climatic, and human factors were selected as pressure indices,
331 indicators of similar factors were chosen as state indices, and 13 human and ecological factors were designated
as response indices. After standardizing the averages of these indicators, the health status of watersheds for each
targeted year was estimated by combining and weighting these indicators. To analyze the effects of independent
variables on watershed health, multiple regression methods were used. These variables included maximum and
minimum temperature parameters, land use, and vegetation cover levels.

Results and Discussion: The results showed that in 2033, watersheds in the northern regions —especially in Gilan
and Mazandaran—are expected to remain in good to very good condition (about 60 to 70% of areas), owing to
extensive forests and sufficient rainfall. Conversely, in the southern regions such as Hormozgan and Sistan and
Baluchestan, conditions were assessed as weaker (around 40 to 50% in moderate to poor categories). By 2043, this
trend continued in the north and northwest, mainly because of persistent dense vegetation cover and adequate
rainfall. However, in eastern and southeastern areas, decreasing rainfall and human pressures resulted in an
increase in unhealthy areas to roughly 50 to 60%. By 2053, regional differences became more prominent; in the
north, especially in Gilan and Mazandaran, abundant rainfall and dense cultivation helped sustain relatively healthy
conditions (about 40 to 50%). In contrast, in eastern and northeastern regions, reduced rainfall and increased human
activities led to a decline in watershed health, with healthy areas falling to approximately 30 to 40%. Analysis
indicates that temperature fluctuations, particularly changes in minimum temperatures, play a highly sensitive and
significant role in altering watershed health. The impact of these fluctuations in each of the three years exceeds
47.66% on the health index. These findings emphasize the importance of managing climate change, land use
modifications, and vegetation cover for the sustainability and health of watersheds in the country. The effects of
dynamic variables related to land use and vegetation cover are steadily increasing, and by 2053, their influence on
the health index is expected to surpass 33.5%.

Conclusion: This study highlights that future planning should focus on controlling and managing temperature
fluctuations, human pressures, and land use changes, as these factors directly and significantly affect the health
and sustainability of water resources and ecosystems. Management actions and policy decisions in climate
management, including adherence to or modification of land use patterns and preservation of vegetation cover,
can play a crucial role in improving and maintaining watershed health. These results highlight the need for ongoing
monitoring, strategic planning, and the sustainable use of natural resources in the future.

Keywords: Sustainable Watershed, Watershed Health Prediction, Land Use Change Prediction, PSR Conceptual
Approach, Integrated Watershed Management (IWM)
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Figure 1- Third-order watersheds in health assessment study in Iran
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Figure 2- Flowchart of research methodology
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Table 1- Static and dynamic factors and criteria of the Pressure index (P) in assessing the health and security of the

country's third-order watersheds
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Table 1- Static and dynamic factors and criteria of the Pressure index (P) in assessing the health and security of the

country's third-order watersheds
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Table 2- Static and dynamic factors and criteria of the State index (S) in assessing the health and security of the

country's third-order watersheds
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Table 3- Static and dynamic factors and criteria of the Response index (R) in assessing the health and security of the

country's third-order watersheds
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Table 4- Error and precision statistics, and optimal model in predicting dynamic criteria of the health
index of the third-oeder watersheds of Iran
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Table 5- Kappa coefficient and overall production accuracy related to land-use prediction
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Figure 3- Zoning of health status in Iran’s third-order watersheds for 2033
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Figure 4- Zoning of health status in Iran’s third-order watersheds for 2043
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Figure 5- Zoning of health status in Iran’s third-order watersheds for 2053
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Extended Abstract

Introduction: Integrated watershed management is a cornerstone of sustainable development, encompassing
policies and actions aimed at conserving water and soil resources, preventing environmental degradation, and
enhancing the quality of life for local communities. As natural units, watersheds play a critical role in maintaining
ecological balance, preserving biodiversity, and supplying freshwater. Effective management requires a holistic
approach—considering water, soil, vegetation, wildlife, and human activities—while integrating economic, social,
and environmental dimensions to create synergies. One widely used tool in this context is the DPSIR framework,
which analyzes cause-and-effect relationships among system components. However, in its conventional form,
DPSIR often merges driving forces and pressures, making it difficult to isolate the specific impact of each pressure
on particular states. This limitation typically leads to generalized strategies. To address this issue, this study applies
the nested DPSIR framework (Atkins et al., 2011) to develop targeted management strategies for the Goorsefid
Watershed in Tehran Province, with active participation from local stakeholders.

Materials and Methods: The nested DPSIR process involved eight key steps: (1) constructing individual DPSIR
cycles, (2) compiling a DPSIR table, (3) designing a conceptual map, (4) developing a decision matrix, (5)
prioritizing pressures, (6) scoring responses based on pressure significance, (7) evaluating responses against
watershed health and sustainability criteria, and (8) ranking responses. In this study, the environmental, economic,
and social states of the watershed were assessed both quantitatively and qualitatively through literature review, field
surveys, and stakeholder interviews. The remaining components were analyzed following the nested DPSIR
methodology. Data were collected via questionnaires administered to 60 local residents and 25 experts and were
validated by 12 specialists. Reliability and internal consistency were tested using Cronbach’s alpha, and a five-point
Likert scale was used to assess the weight and importance of the DPSIR components.

Results and Discussion: Five key drivers were identified, leading to 18 major pressures. These pressures caused
changes in 17 states and ultimately affected 23 ecosystem services. To address these challenges, 27 management
strategies were proposed. The five highest-priority pressures—based on stakeholder feedback and their recurrence
across multiple states—were: (1) land-use change and vegetation degradation, (2) lack of a coherent water-use
system in agriculture and livestock, (3) overexploitation of surface and groundwater resources, (4) drought, and (5)
issuance of grazing permits to non-local, non-pastoralist individuals. The proposed responses were categorized as
follows: 11 physical, 6 political, 1 managerial, 5 economic, 1 socio-cultural, and 3 ecological. The nested DPSIR
framework effectively illustrated the complex interactions between human and natural factors in a simplified and
more accessible manner. As a methodological innovation, this study introduced a coding system for nested DPSIR
components to reduce redundancy, maintain structural consistency, and improve visual understanding of
interrelationships.

Conclusion: Applying the nested DPSIR framework—through mapping individual cycles, constructing interaction
matrices, developing conceptual diagrams, conducting quantitative analysis, and prioritizing components—enabled
the identification of causal relationships across all system elements. This approach provided a comprehensive
understanding of watershed dynamics, supported precise goal-setting, facilitated issue prioritization, and ultimately
guided the selection of the most effective management strategies. Therefore, it can be concluded that applying this
framework not only enhances the decision-making process but also fosters active participation of local communities
and promotes the integration of scientific knowledge with traditional experience. This approach may serve as a
model for sustainable management of other watersheds across the country.
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Figure 7- Conceptual map of DPSIR components of Goorsefid watershed
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Table 4- Matrix of interaction between state and pressure factor for GoorSefid watershed
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Table 5- Matrix of interaction between state and impacts for Goorsefid watershed
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Table 6- Decision matrix of interactions between pressures and responses for the Goorsefid watershed
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Table 7. Prioritization of pressures based on rank and expert score and their frequency in different states
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2.18 9 17 2 P1
2.20 10 16 3 P2
1.00 1 10 9 P3
1.74 5 11 8 P4
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0.78 1 6 13 pP7
1.96 7 13 6 P8
1.51 4 8 11 P9
2.13 9 15 4 P10
1.95 10 9 10 P11
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0.78 6 1 18 P13
2.33 12 18 1 P14
1.45 4 7 12 P15
1.30 5 4 15 P16
1.08 4 3 16 P17
1.18 3 5 14 P18
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Table 8- The decision matrix for the points of responses according to the importance of pressures
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Table 9- Rank and frequency of the effects of the solutions in the criteria for determining the health and
sustainability status of Goorsefid watershed
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Table 10- Prioritization and classification of responses in the criteria for determining the health status of
the watershed according to the rank of the direct effect and the score of each response
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Extended Abstract

Introduction:Soil loss and sediment yield are among the main challenges in watershed management, especially
in mountainous areas, which, in addition to reducing soil fertility and ecosystem functioning, also threaten water
quality and the sustainability of hydrological services. In this context, watershed hydrological services, such as
sediment retention, are of high importance because they control soil erosion and reduce downstream sediment
transport, thereby improving water quality. The topographic, climatic, and human conditions of mountainous
regions in northern Iran, especially the Hyrcanian forests, make these areas particularly susceptible to soil
degradation, increasing the need for monitoring ecosystem services and analyzing the spatiotemporal dynamics of
sediment retention to assess changes in ecosystem functioning and the effectiveness of management measures. In
this regard, the INVEST model, with a simple structure, limited input requirements, and high interpretability, is an
effective tool for analyzing these services at the watershed scale. This model, using sediment delivery ratio
equations and spatial data, allows examination of the spatiotemporal changes in soil erosion, sediment yield, and
sediment retention. Given the need for comprehensive studies in Iran, especially in the Hyrcanian forests, the
present study aims to investigate the spatiotemporal changes of soil loss, sediment retention, and sediment yield
over a 25-year period in the Talar mountainous watershed. Additionally, sensitivity analysis of model input factors
was conducted to identify the most influential variables affecting sediment delivery ratio results.

Materials and methods: The study area is the Talar watershed (Mazandaran Province), spanning over 1,700 km2 on
the northern slopes of the Alborz mountain range, with an elevation range from 216 to 3,983 meters. The SDR
model from the INVEST toolkit was applied to estimate annual soil loss, sediment retention, and sediment yield.
Average soil loss was calculated using the INVEST soil erosion equation based on key factors including rainfall
erosivity, soil erodibility, vegetation cover, land management, and topography across three study periods.
Additional parameters such as the sediment connectivity index, K factor, and maximum sediment delivery ratio
were defined based on regional characteristics and expert knowledge. A sensitivity analysis of the model input
factors was also conducted to identify the most influential variables affecting the sediment delivery ratio outcomes.

Results and Discussion: According to the results, over the 25-year study period, soil loss decreased from 896,535
to 758,981 ton, sediment retention from 1.297 to 0.757 million ton, and sediment yield from 113,643 to 57,426
ton. The main cause of this reduction was a 28.8 % decrease in rainfall erosivity during the study period. The
analysis showed that pasture land had the highest sediment retention capacity (415,978 ton), whereas orchards
had the lowest (3,676 t). Meanwhile, the highest sediment yield occurred in rainfed agriculture and pasture, while
forests and orchards had the lowest amounts. Sensitivity analysis indicated that rainfall erosivity, with a relative
sensitivity coefficient of 0.99, was the most important factor affecting soil loss, sediment retention, and sediment
yield, explaining more than 47 % of model output variations. The K parameter also influenced sediment retention
and yield, though it had no direct effect on soil loss. Overall, the INVEST model is more sensitive to natural
parameters such as rainfall than to management variables, highlighting the necessity of integrating climatic data
with human interventions in management.

Conclusion: The findings indicate that the INVEST model, with high spatiotemporal analysis capability, is a
suitable tool for assessing watershed hydrological services, especially in mountainous regions. The observed
reduction in soil loss, sediment retention, and sediment yield over the study period was mainly due to decreased
rainfall erosivity and climatic changes. Dense vegetation cover, such as forests and pastures, played a key role in
sediment retention and soil erosion reduction, while human land uses such as agriculture contributed more to
sediment yield. Sensitivity analysis emphasized the importance of natural factors, particularly rainfall, in
watershed management. The findings can be applied to identify critical areas for conservation, prioritize sensitive
land uses, design monitoring systems, and develop future management scenarios. It is recommended that future
studies utilize long-term data, complementary models, and scenario-based analyses under climate change to
enhance the accuracy of assessments and the applicability of results in ecosystem management decisions.
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Figure 2- Temporal and spatial patterns of sediment retention during the study years in the Talar
Watershed
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Extended Abstract

Introduction: Various factors contribute to public non-participation in watershed management projects.
Understanding these inhibiting factors is a fundamental step toward fostering effective public involvement and
achieving comprehensive watershed management goals. In this context, prioritizing the indicators and sub-indices
that affect non-participation is essential for the cycle of participatory management and proper basin stewardship.
Identifying and ranking these factors provides a pathway for implementing measures to remove obstacles to
beneficiary participation, thereby encouraging maximum involvement from local residents in planning processes.
This study, conducted from 2018 to 2021 in the Kaki watershed of Dashti, Bushehr province, aims to identify,
classify, and prioritize these factors based on the perspectives of both watershed residents and experts.

Materials and methods:The research site is located in the Kaki watershed, part of the Kaki district of Dashti city
in Bushehr province, southern Iran. After identifying and classifying the specific factors, measurement tools were
prepared in the form of pairwise comparison and Likert-scale questionnaires; the validity of these questionnaires
was confirmed by a panel of experts. Following the completion of the Analytical Hierarchy Process (AHP)
questionnaires by 34 experts, the Fuzzy Analytical Hierarchy Process (FAHP) was used to prioritize the indicators.
To prioritize the indicators and sub-indices affecting the lack of sustainable public participation from the
perspective of the basin residents, a Likert-scale questionnaire was used. After confirming its validity and
reliability, the survey was administered. The sampling unit was a rural household, and Cochran's formula was used
to determine the sample size. Based on the total number of households in the villages (814 households), 261
questionnaires were completed by the heads of households.

Results and Discussion: The results of the hierarchical analysis from the experts' perspective showed that the sub-
index of "lack of education for basin residents regarding the relevant projects and goals” had the highest relative
priority with a mean rank of 4.98, while the sub-index of "delayed effectiveness of watershed management
projects" had the lowest relative priority with a mean rank of 0.64. From the perspective of local communities, the
sub-index of "ethnic and local differences” had the highest relative priority with a mean rank of 8.77, whereas the
sub-index of "non-use of local promoter groups™ had the lowest with a mean rank of 4.32.

Conclusions: In the Kaki watershed, the weights obtained from the Fuzzy AHP for expert opinions indicate that
design-implementation, economic, social, and finally educational-promotional indicators, in that order, played the
greatest role in the lack of public participation. The results of the Friedman test from the local communities'
perspective differed slightly, ranking the indicators as social, economic, educational-promotional, and finally
design-implementation. Based on these findings, it is recommended to prioritize training courses and classes aimed
at increasing the knowledge of local communities about watershed management projects. Furthermore, since local
trustees (e.g., elders, educated individuals, members of the Islamic Council, and village teachers) are highly
trusted, these groups, along with non-governmental organizations (NGOSs), could act as local promoters. They can
advocate for project goals and help foster public participation. Additionally, creating conditions for the active
involvement of watershed residents in various stages—such as decision-making, design, implementation,
maintenance, and repair—is crucial. This could include developing new participatory frameworks for
comprehensive watershed management. Providing employment opportunities for local residents in project
implementation, for instance through contracts with village councils or by mandating the employment of local
labor in contractor agreements, is also recommended.

Keywords: Friedman tests, Fuzzy hierarchical analysis, Watershed management plans, Comprehensive watershed
management, Watershed residents' participation
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Figure 1- The location of Kaki watershed in Bousher Province and Iran
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Table 1- Number of households, population and sample selected from each village
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Table 2- Indicators and sub-indices affecting non-participation of people in watershed projects
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Table 3- Compatibility ratio and normalized calculation weight of indicators

Jbes o U M L CR RI cl eLs
0.409 0.76 0.39 0.18 ol
0.156 0.33 0.14 0.06 slozs

0082 09 0089
0.435 117 0.43 0.16 sy - b
0.00 0.08 0.04 0.02 95 9 eSypel

5hoolaiwl pas’ a3l g ( S vl o>
chw 59 ol aslin; 5 " ses Eoe 055
5 o bl cwpa Ml g slew
poye IS lie pae 0 el Gl oSS
(Y-\V) o, 4 Saleh Pourjam .scws
" 50 S peal D08 S " (asli g
oSyl pae sl oS else o St 952 1)
Aed adple b glie slaojyn 5o poye

Lg aS JJ‘OQ}QJ téj)M 9 ‘jJL-AJL‘-A-ﬁJ S| 00 u‘;@f

@ oleel pae po Gyl sae kil Sl lis

ooy 5 po e &S jlin pas g laz b (4L e

Sl e 5ol 5l ol Glisl @l iz e
CS)lie pas p Fie Gl aslln; (o,
2 Fhe slagasli g b Sgls I (Sl sy
Ll 60550l slassgn 4o po e &S\l pas
b als ) (nl Coedl e «liS (nl 2 ogdle
cse @alyz 5 OLlin )5 09 5 9o Jlate Sl 5
ol 5 Gl 51 ol ST 5,40
2 el oSl 5sel pac” slaasli g
ey g Mabgrye Slaal g g,k ogas
i Mgl lag,b oy esjlns”
pOpe S Jlie pae jo 1) ool aieS g aien
e malgx Jhaie 5l g wilesls plaisl g 4



Glozul sl )b )0 by malsz sl <5 jLis pas yy ge Jalse (o)

[y G guls .ol esul o SSbe ohls o a0
Cole> (V40 A) Ko 4 Baghaei olagss
& sis alo> | Lg)lo)'.:_é:.gyl ool g Slual
S,k 1o lls po 00 o5 jLlie 5l aile a5 o]
(tez P SO (655 S5d o g lon]
bo 3 eadlzl ozl 5l wsil 6,5 0
Ol Odged Bk 5o ol a> b wilgi e bl
SaS by Gl ailcws 5 by 4 gl
s Baghaei oladss |, gudss mls .aules
Khalighi , Hematzadeh «(Y--A) .l Ken

SIS o Zolex (Y- +5)

5 Foiw Sl a3l 352y ol
sl @lize Jolpe o lilopone Holul
3 oble po e slezel (> Lg)lo};g] slez,b
Slidod (guiod ol bl .l (69 00 Dlaludl
O S oo Coles 1) (Y- )#) Mohammadi
295 9 s2590] Sloe g3 13 (Il ey S
Golozmml slaojsn jo poye S lie pac
sboyss 53U akaly cpl jo 0l gy ala,
Gl 32 D30 33 o 00igy (oS (S5 590]
o Lo slaoyes  plata
63k 9> b sl gl szl yo Glils e
oloporg oS lie Ll b il
5 Oy leld )5 e (598 bls)l sl

Olme o5l

Ol 15 0wy 51 (6510 usul gacallad 4o 00 0 8 )Live pus 1 H5o Jolge sovandy -F Jguz
Table 4- Ranking of the factors affecting people's non-participation in watershed management
activities from the point of view of experts
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Table 5- Ranking of indicators affecting people's non-participation from the perspective of local
communities of Kaki watershed

5y - Soles
Gy sme mhw gl az o . ¢ Ages ooy u&" ) ol ooyl
6.65 solaidl 2
6.10 [JES 4
0.20 3 12.87 261 b
7.01 sl 1
6.32 95 5 il 3

el (o gl Sl 5l prizes ol
§| 45 3y el Lo 1, gl ol solazi
(V J52) 3ls ) pgo ol B 55 Slaie

pac” o aslon) o ga (s e |l
Slaals oz b (ogas ;5 ads> LSle [bje0]
sl 5o o o 6T poe b
oleid 5l (2l i pae 5 (2l Jld) Wojs
shls "ossy aga 5 b Jole o
e malsr Glane lg Cuglyl on i
pos o5 g (e DS o e la
Slaal g oz )b jogas ;5 ads> LSle Jbjse]
Olgieds poye delps (58,5 o3l g abgye
slr,b gzl o edine golaidl (5035
Al 0 Wl Caglgl pyiie M sl
PET 5 Gojgel pas 5 (agd 5 (oo DL
&elsz o g0 Gylopmel slagyb 550 50 3Y
D)1 ,18 gl 4y 5o (loxe

oSk polae aisls o« Jguz) b wlul
(yped R 059 AYIN G YV/Y Oy [.QM)

05yl o Y 5l S gyl s v lase
1 pliebl mdaw o a5 weo oo lis ey,
e Sl Gl (ghlolae Oglay s
olFauo 5l wlal ol 150,10 0925 b a>li y 5
aeds" len; (S )..:zj oo malg>
Ot MVY sy Sk b Mpgd g (ome
GalS bole (e 9 4Bl 1) (oond ol
(blie jo sl cals AL poye oS L
"o oo sbog,S Sl eslil pas” Azl
O 1) ed o] (268 FIVY a4 . Sle b
Gl 1 5k gl cpl ol a0l olais] 045
5 e DS oges B,y dilaie o 40 a5
Wld co S Hlie >y galdST Jole |y osd
28Ty o slacosgame i aS Jb> o

lod ST b)) S b el
45 Gy ol Lzl 5 b a5l ol
pom oSolr jo Il (b (o galgz Sl



Slomul o ik 5o slins) aalyz ol o8 liw pae s Jelse oy VO

S il oo zolgzr sl 51 00 & jLio pis 3 yi50 Ll j Gaisasd) - Jour
Table 6- Ranking of sub-indices affecting people's non-participation from the perspective of local
communities of Kaki watershed
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Table 7- Ranking of indices and sub-indices affecting non-participation of people from the point of
view of experts and local communities of Kaki watershed
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Figure 2- Prioritization of sub-indices affecting people's non-participation from the perspective of
experts and local communities
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Extended Abstract

Introduction: Urban water resilience has emerged as a critical concept within urban science and resource management,
particularly in metropolises like Tehran. The city faces a confluence of challenges, including rapid population growth,
unbalanced physical development, the escalating impacts of climate change, and intensifying pressure on its limited
water resources. These trends have profoundly impacted the sustainability and functionality of socio-hydrological
systems—defined by the complex, feedback-driven interactions between human society and water systems.
Consequently, urban water resilience has become a fundamental metric for evaluating a city's capacity to manage water
crises. Within this context, the principles of diversity and redundancy are recognized as key components in maintaining
the stability and continuous performance of urban water systems. By effectively strengthening these factors through
urban policy, cities can reduce vulnerabilities and enhance their flexibility in confronting water crises and environmental
changes. This study aims to conduct a comparative analysis of the role of diversity and redundancy in enhancing the
resilience of the socio-hydrological system across three distinct urban districts of Tehran: Districts 4, 10, and 22.
Materials and methods: This research employed a comparative analytical approach, selecting three Tehran districts (4,
10, and 22) as case studies due to their significant differences in demographic and infrastructural characteristics. The
conceptual framework was organized around five key dimensions of resilience: social, economic, organizational,
infrastructural, and human capital. Data were collected using a structured questionnaire distributed to urban water
managers and experts via a snowball sampling method. The questionnaire's validity was confirmed through expert
review, and its reliability was demonstrated by a Cronbach's alpha coefficient of 0.89, indicating high internal
consistency. For data analysis, the non-parametric Kruskal-Wallis test was utilized to compare the mean ranks across
the different districts and dimensions, as the data distribution was non-normal.

Results and Discussion: The analysis revealed nuanced findings regarding diversity and redundancy. At the overall
level of diversity, no significant difference was observed between the three districts (p=0.577). However, a detailed
examination of sub-dimensions showed that District 22 held a significant superiority in social capital diversity (p=0.003).
This indicates a high capacity for strengthening social participation and leveraging dynamic informal civic relationships,
underscoring the importance of social networks in enhancing resilience in newer districts, even with less-developed
physical infrastructure. In contrast, the redundancy dimension showed a notable advantage for the more established
Districts 4 and 10, particularly in the economic, organizational, and infrastructural domains, with an overall significant
difference (p=0.019). This superiority was statistically significant in the sub-dimensions of economic (p=0.014),
institutional (p=0.013), and infrastructural (p=0.033) capital. These findings suggest that historical context and existing
infrastructure bolster structural and economic resilience in older districts, whereas newer districts may derive dynamic
resilience from robust social capital and informal networks. The study also identified cross-cutting challenges, including
a lack of precise organizational data, a disconnect between national policies and local implementation, and structural-
demographic constraints, which hinder resilience-building in all districts. Addressing these weaknesses requires holistic,
region-specific strategies, improved inter-institutional communication, and the mobilization of local social capacities.
Conclusion: The findings demonstrate that urban water resilience is a multidimensional phenomenon that cannot be
achieved through technical and infrastructural solutions alone. A comprehensive approach must also strengthen human
interactions, institutional cooperation, and the strategic application of local social capacities. The analytical framework
developed in this research provides a valuable, context-sensitive basis for evaluating, planning, and enhancing urban
water resilience in other metropolises. Achieving sustainable urban water resilience is contingent upon participatory
governance, transparent management mechanisms, meaningful stakeholder engagement, and a dedicated focus on the
unique local capacities of each district. Therefore, it is recommended that urban policymakers, in their pursuit of
enhanced water resilience, simultaneously address human, economic, and institutional aspects alongside the expansion
of technical and financial infrastructures. Ultimately, resilience in the face of future water challenges demands a
comprehensive, interdisciplinary, and continuous approach that integrates the participation of all stakeholders with the
application of technological and managerial innovations.
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Figure 1- Location of the study areas in the city of Tehran
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in Tehran's urban districts
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Table 3- Results of the Kruskal-Wallis mean ranks comparison test for the diversity dimension in the
studied regions
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Figure 2- Results of comparing the mean ranks for the diversity dimension in the study areas using the
Kruskal-Wallis test
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Table 4- Results of the Kruskal-Wallis mean ranks comparison test for the redundancy dimension in the
studied regions
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Figure 3- Results of comparing the mean ranks for the redundancy dimension in the study areas using the
Kruskal-Wallis test
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Extended Abstract
Introduction: Land degradation in arid and semi-arid regions, poses a serious challenge to sustainable agriculture
and ecosystem health. Approximately 100 million hectares of Iranian land are currently exposed to desertification,
driven by both natural and anthropogenic factors. Agricultural activities, while essential for food security, often
contribute to soil degradation through practices such as over-cultivation, improper irrigation, and excessive use of
chemical inputs. In regions like the Saravan Plain, increasing population pressure has led to the conversion of
rangelands to agricultural lands without adequate soil management. These land use changes have adversely
affected key soil health indicators, including nitrogen (N), organic matter, salinity, and pH, accelerating
degradation processes. Understanding the impacts of different agricultural land uses on soil quality is critical for
developing sustainable management strategies in arid regions with limited soil resources. This study aimed to
evaluate the effects of different agricultural land use types on soil quality indicators in the Saravan Plain and to
identify management practices that can mitigate degradation and enhance soil sustainability.
Materials and methods: This field research was conducted in the central part of the Saravan Plain to assess the
impact of agricultural land use types on soil degradation. A split-plot design based on a completely randomized
block design with three replications was employed to compare four dominant land use types: irrigated
monoculture, irrigated polyculture, orchard, and rangeland (as control). Soil samples were collected from two
depths (0-40 cm and 40-80 cm) using random sampling to ensure representative coverage of each land use type.
Samples were air-dried, passed through a 2 mm sieve, and analyzed using standard laboratory methods. Measured
parameters included micronutrients (Mn, Zn, Cu, Fe) via atomic absorption spectrophotometry, electrical
conductivity (EC) using a conductivity meter, pH using a pH meter, and organic matter content via the Walkley-
Black method. Data were categorized into ameliorative factors (N, P, K, organic matter, sulfate, Mg, Mn, Zn, Cu,
Fe, Ca) and degradative factors (chloride, pH, EC). Statistical analysis was performed using ANOVA to examine
significant differences between treatments, followed by Duncan's multiple comparison test. All analyses were
conducted using SPSS, SAS, and Excel software.
Results and Discussion: The results revealed significant differences in soil quality among the four land use types.
In general, irrigated monoculture and polyculture lands exhibited higher levels of ameliorative factors, while
rangelands showed higher levels of degradative factors. In the surface layer (0-40 cm), mean organic matter
content was significantly higher in monoculture (0.34%) and polyculture (0.30%) lands compared to rangelands
(0.18%). Similarly, N levels were significantly higher in monoculture (0.037%) and polyculture (0.032%)
compared to rangelands (0.02%). Among degradative factors, pH showed significant differences, with orchards
exhibiting the highest acidity (8.23) compared to rangelands (7.71). EC was highest in monoculture lands, likely
due to chemical fertilizer application and salt accumulation, showing significant differences from other treatments.
Chloride concentration was highest in polyculture lands (59.64 meg/L). In the subsurface layer (40-80 cm),
monoculture lands consistently performed better, with organic matter (0.26%) and nitrogen (0.027%) significantly
higher than rangelands (0.14% and 0.012%, respectively). Micronutrient analysis revealed that Cu levels in
monoculture lands (0.67 mg/kg) were significantly higher than in rangelands (0.21 mg/kg) in the surface layer.
Based on a scoring system that integrated all soil quality indicators, monoculture lands received the highest score
(+10), indicating the most suitable conditions for soil improvement. In contrast, rangelands received the lowest
score (-19), reflecting the least favorable conditions for soil ameliorative properties across both soil layers.
Conclusion: This study demonstrates that agricultural land use type significantly influences soil quality in the
Saravan Plain. Irrigated monoculture lands exhibited the greatest potential for soil improvement, as reflected in
higher organic matter and N content, along with reduced chloride and pH levels. Conversely, rangelands were the
most vulnerable, characterized by the lowest ameliorative factors and the highest degradative factors. These
findings underscore the importance of targeted agricultural management practices for improving soil health and
reducing desertification risk in arid and semi-arid regions. Future research should focus on long-term monitoring
of soil dynamics and validate these findings in other arid regions using complementary technologies such as remote
sensing to enhance the generalizability of results.
Keywords: Desertification, Soil fertility, Soil micronutrients, Arid agriculture, Watershed management
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Figure 1- Location of the study area
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Table 1- Mean values of selected soil properties in the surface and subsurface layers
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Figure 3- Comparison of mean soil organic matter percentage at two depths under different land use types
(Error bars represent the standard deviation of the mean (n=3))
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Figure 4- Comparison of mean N at two depths under different land use types (Error bars represent the
standard deviation of the mean (n=3))
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Figure 5- Comparison of mean P at surface layer under different land use types (Error bars represent the
standard deviation of the mean (n=3))
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Figure 6- Comparison of mean Chloride at two depths under different land use types (Error bars
represent the standard deviation of the mean (n=3))
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Figure 7- Comparison of mean Cu at two depths under different land use types (Error bars represent the
standard deviation of the mean (n=3))
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Figure 8- Mean Mg values in different land uses in the surface and subsurface layers (Error bars
represent the standard deviation of the mean (n=3))
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Extended Abstract
Introduction: Forests and rangelands are considered as the richest sources of ecosystem services. With population
growth and the intensification of natural resource exploitation, the demand for these services has increased
dramatically. Understanding these services and the extent of human dependence on them highlights the need for
the development of systematic frameworks for their economic valuation. Among these ecosystems, the Zagros
rangelands stand out as one of the most critical ecological systems in Iran, currently facing escalating threats.
Although these rangelands play an irreplaceable role in regulating water and soil cycles, conserving biodiversity,
and supporting the livelihoods of local communities, increasing pressures from overexploitation and unsustainable
management have placed their survival at serious risk. The objective of this study was to conduct an economic
valuation of the most important ecosystem services provided by the rangelands in the Kolashak watershed.
Materials and Methods: In this study, the Kolashak watershed, encompassing an area of 9,110.2 hectares and
located in Gilan-e Gharb County, Kermanshah Province, was investigated. First, all essential base maps, including
topography, vegetation cover, land use, and soil maps, were prepared and processed within a GIS environment.
Subsequently, the most important ecosystem services were assessed, comprising regulatory services (functions:
carbon sequestration and oxygen production), supporting services (functions: soil formation and nutrient
conservation), and provisioning services (function: forage production). The economic valuation of these services
was conducted using the replacement cost method. Finally, the total economic value of ecosystem services in
rangeland land use was estimated.
Results and Discussion: The economic value of each hectare of rangeland in the study area was estimated at
784,247 Thousand Rials per hectare per year. Among the assessed services, oxygen production (503,795
Thousand Rials) and carbon sequestration (248,976 Thousand Rials) contributed the most to this economic value.
The average carbon sequestration in the rangelands was estimated at 24.96 tons per hectare; 87% of which (21.74
tons) is stored in the soil, highlighting the role of rangeland soils as key carbon sinks. Regarding oxygen
production, calculations based on photosynthesis equations indicated that each hectare of rangeland annually
produces an average of 3.7 tons of oxygen (equivalent to 11,077.8 tons across the entire watershed), sufficient to
meet the annual oxygen needs of 12 individuals. These findings suggest that rangelands with greater vegetative
cover and larger areas have a higher capacity for carbon sequestration and oxygen production. Furthermore, the
economic value of forage production was calculated at 29,540 Thousand Rials per hectare. The rangelands of the
Kolashak watershed also play a vital role in soil conservation and erosion prevention. With an average erosion
rate of 13.85 tons per hectare, these rangelands perform better than the region’s agricultural lands (17.43 tons per
hectare). The rangelands prevent the annual loss of approximately 3,580 kg of soil per hectare, equating to an
economic value of 1,815 Thousand Rials per hectare for nutrient retention. Additionally, the economic value of
soil formation was estimated at 121,633 Thousand Rials per hectare. Although this value appears lower than that
of other functions, it reflects the long time required for soil formation and the replacement cost-based valuation
method. Overall, these results underscore the substantial ecological and economic importance of rangelands in
maintaining biogeochemical cycles and moderating climate change.
Conclusion: Valuing environmental resources such as rangelands has two important applications. First, it is used
in cost-benefit analysis to attract economic support for rangeland protection and to determine the amount of
damage caused by rangeland degradation. Second, the estimated economic values can be used in generating the
gross income of a sector of the economy. The findings highlight the significant economic value of ecosystem
services provided by the rangelands in the Kolashak watershed. This valuable ecosystem is under increasing threat
from factors such as overgrazing, land-use change, water erosion, and shifts in precipitation patterns. These threats
emphasize the urgent need for sustainable management. The results of this study can serve as a scientific
foundation for management decisions and conservation planning, particularly in balancing livestock numbers with
rangeland carrying capacity and improving grazing practices. Such measures can help simultaneously address the
livelihood needs of local communities while ensuring the long-term health and functionality of rangeland
ecosystems.
Keywords: Economic valuation, Ecosystem services, Replacement cost method, Rangeland management
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Figure 1- Location of the Kalashk watershed in Iran and Kermanshah Province
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Table 3 - Summary of statistics on carbon sequestration in rangeland land use
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Table 4 - Summary of statistics on oxygen production in rangeland land use
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Table 5- Results of soil analysis of rangelands in the study area
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Figure 2- The amount of erosion in land use with land cover (Agriculture, Forest and Rangeland)



\YY VE 0 lasls cpgo o lods qpinds Jlo (sl slaojem sal> o o

oo g o3led

Wb 3 ) SSI 4y adllao 5 )90 Ao )O igay § b Glie 351 5 — P Jgu
Table 6— Estimated erosion and sedimentation rates in the study area by sub-basin
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Table 7- The value of each hectare of rangeland land use in protecting the main nutrients of the soil (Rials)
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Table 8- Estimated economic value of available forage in rangeland land use
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Table 9- Comparison of current grazing capacity and number of livestock in the rangeland land use of the

study area
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Table 10- Economic value of Functions services
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Extended Abstract

Introduction: Evaluating the water resources adequacy in watersheds to meet local community needs is critically
important—particularly in arid and semi-arid regions where water scarcity and environmental stress are significant. In the
context of ongoing climate change and unsustainable water management practices, a comprehensive and multidimensional
evaluation of water adequacy—encompassing quantitative, qualitative, institutional, and social dimensions—is essential.
In Iran, as a country with a large proportion of arid and semi-arid regions, the necessity of addressing this issue is
increasingly apparent. Accordingly, a systematic review of indicators and models for assessing water adequacy,
accompanied by critical analysis and identification of research gaps, can provide a reliable foundation for developing
evaluation frameworks that are suited to national conditions. Previous studies—largely based on approaches involving
quantitative indicators, qualitative measures, institutional-social metrics, and simulation or decision-making models—have
made significant contributions. However, they also exhibit several limitations, including a narrow focus on one or two
dimensions (e.g., solely quantitative or qualitative), lack of context-specific indicators for dry regions with variable
precipitation and limited resources, insufficient attention to social components such as local community resilience,
distributive justice, and indigenous knowledge, and the absence of integrated conceptual frameworks that combine
indicators with modeling tools and the actual needs of watershed inhabitants. Only a limited number of studies have
succeeded in integrating productivity indicators, simulation models, and institutional measures to offer a comprehensive
picture of water adequacy. Moreover, most existing research has not adequately addressed the specific needs of watershed
communities in arid regions in terms of livelihoods, resilience, and participation. This review article comprehensively
analyzes the most critical indicators, models, and challenges related to the evaluation of water resource adequacy in
watershed areas, with a particular emphasis on the applicability and adaptability of these approaches to watersheds in arid
and semi-arid environments.

Materials and methods: This critical analytical review study was conducted through a comprehensive search of
international databases (Scopus, ScienceDirect), academic search engines (Google Scholar), and nationally credible
databases (SID, Magiran), with source selection based on scientific credibility and thematic relevance. Through an
analytical framework, the identified indices and models were categorized into six distinct groups: (1) quantitative
indicators, (2) qualitative indicators, (3) institutional-social indicators, (4) productivity and indirect consumption
measures, (5) risk and resilience metrics, and (6) simulation and decision-making models for water adequacy assessment.
Each category was examined to identify its advantages, implementation challenges, and limitations, with particular
emphasis on arid and semi-arid regions. The final synthesis focused on analyzing studies employing integrated
approaches.

Results and Discussion: The review of 130 selected scientific studies reveals that, foremost, quantitative indicators are
among the primary tools used to assess water resource adequacy in watersheds. At more advanced levels of analysis,
qualitative indicators—particularly in studies concerned with environmental aspects—have received increasing
attention. Additionally, indicators of indirect water use, such as water footprint, virtual water, and economic—physical
productivity, have enabled recent studies to explore the water—livelihood nexus at both micro and macro scales.
Institutional and resilience-related indicators—such as stakeholder participation, institutional flexibility, and the
adaptive capacity of local systems—have opened new perspectives for understanding socio-structural sustainability in
the context of water adequacy evaluations. Given the complexity introduced by limitations such as the lack of reliable
data, institutional fragmentation, and environmental challenges, integrating various indicators and models—while
considering the specific characteristics of arid and semi-arid regions, including those in Iran—is essential for delivering
more accurate and practical assessments of water adequacy. Moreover, greater emphasis on institutional-social
dimensions, as well as on risk and resilience, contributes to a deeper and more comprehensive understanding of the issue,
and lays the foundation for the development of sustainable water resource management policies and strategies.
Conclusion: To enhance the effectiveness of evaluations, there is a need for up-to-date field data, coherent conceptual
frameworks tailored to the specific region under study, and cross-sectoral collaboration. Future research must develop
dynamic indicators and integrated, empirically-grounded models that address the evolving needs of watershed
communities in arid and semi-arid regions and to support the achievement of sustainable water security. This study can
provide valuable insights for water resource managers and policymakers to improve decision-making and promote
sustainable resource management.
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