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Extended Abstract

Introduction: Land subsidence is one of the most destructive yet hidden environmental hazards caused by various
factors. In recent years, this phenomenon has become increasingly noticeable across the country. Land subsidence can
result from natural processes such as tectonic and volcanic activities. However, human activities—particularly excessive
groundwater extraction and the imposition of heavy loads on the earth’s surface—have recently been identified as its
primary causes Moreover, climate change, reduced precipitation, and rising temperatures have decreased renewable
water resources, thereby increasing reliance on groundwater and exacerbating land subsidence.

Materials and Methods: This study investigate and analyzes ground surface changes within the Marvdasht aquifer
using advanced radar interferometry techniques. Initially, the Differential Interferometric Synthetic Aperture Radar
(DInSAR) methodology, utilizing Sentinel-1A satellite imagery, was employed to extract the land subsidence rate from
2015-2022. Subsequently, cumulative subsidence across the entire aquifer was calculated for the study period.
Additionally, average groundwater level changes during the overlapping period with interferometric data were computed
to analyze the correlation between groundwater decline and land subsidence.

Results and Discussion: The results from the Marvdasht aquifer between 2015 and 2022 revealed an alarming trend of
land subsidence. The highest annual subsidence rate was recorded between 2015 and 2016, reaching 24.1 cm per year,
indicating the severity of the phenomenon during that period. The overall trend of subsidence over the seven years shows
that, except for 2019-2020 (which experienced sharp increases in subsidence rates), the remaining years exhibited a
decreasing trend. The lowest annual subsidence rate was observed in 2018-2019 at 16.3 cm.A comparison of
groundwater level changes with subsidence rates during 2016-2017 and 2019-2020 indicates a significant and direct
relationship. Specifically, noticeable drops in groundwater levels coincided with substantial rises in subsidence rates.
The coefficient of determination between groundwater level changes and land subsidence was 0.26 across the entire
aquifer and 0.50 in subsiding areas, indicating a relatively strong and statistically significant correlation between the two
variables. This suggests a meaningful relationship between land subsidence and groundwater fluctuations in the
Marvdasht aquifer. Additionally, This finding confirms the detrimental impact of excessive groundwater extraction on
the intensification of land subsidence. Spatial analysis shows that the highest rates of subsidence occurs in the central
and southern parts of the aquifer, areas known for a high density of groundwater extraction wells. Conversely, in urban
areas of Marvdasht, where construction restrictions and extraction regulations limit the number of wells, subsidence is
negligible. This findings highlight the critical importance of proper water resource management and strict monitoring of
extraction activities in controlling and preventing land subsidence.

Conclusion: Land subsidence, as one of the serious environmental hazards in the Marvdasht aquifer, was investigated
over the period from 2015 to 2022. The results indicate a significant relationship between groundwater level decline and
the rate of land subsidence. The highest annual subsidence rate occurred during 2015-2016, reaching approximately
24.1 cm, while the lowest was recorded in 2018-2019 at 16/3 cm per year. In subsiding areas, the relationship between
groundwater level changes and vertical ground displacement—considering a time lag of about two years—yielded a
coefficient of determination (R?) of 0.50, statistically significant at the 5% level. Spatial analysis further revealed that
the highest subsidence occurred in regions with a high density of groundwater extraction wells (central and southern
parts of the aquifer), while minimal subsidence was observed in areas with low well density (northeastern and
southeastern regions). This underscores the substantial role of excessive groundwater withdrawal in driving land
subsidence in the region. Ultimately, this study emphasizes the urgent need for sustainable groundwater management.
Recommended strategies include controlling over-extraction through the installation of smart water meters,
implementing artificial recharge programs, improving irrigation efficiency, developing land subsidence risk zoning
plans, and enhancing public awareness and education for groundwater users. These measures can significantly contribute
to reducing subsidence rates and mitigating associated risks.

Keywords: Marvdasht aquifer, interferometry, Sentinel-1A imagery, land subsidence
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Extended Abstract

Introduction: Watersheds, as natural systems, are influenced by both internal and external factors and face ongoing challenges
related to declining performance and the fulfillment of their inherent functions. Economic development, the expansion of
international trade, cultural changes, and the emergence of new technologies—combined with increasing droughts,
desertification, and floods—have intensified the demand for securing essential resources for human life. These pressures have
made the management and sustainable use of soil and water resources, along with environmental preservation, critical
necessities that now rank among the main concerns of developmental planning. Despite this urgency, there is limited integration
in watershed management between proper planning, risk reduction, environmental concerns, and performance comparison at
regional and global levels. Consequently, the assessment of watershed performance using globally acceptable criteria has
received insufficient attention. This study aims to fill this gap by assessing the performance of sustainable development
indicators that affect ecosystem conservation and sustainable utilization in the Shazand Watershed, Markazi Province, Iran,
through the systematic identification and analysis of relevant indicators.

Materials and Methods: To assess the performance of sustainable development indicators affecting ecosystem conservation
and sustainable use, the study first selected the most influential indicators from the 17 Sustainable Development Goals (SDGs)
relevant to the Shazand Watershed's ecosystems. Multiple field visits were subsequently conducted to collect data and
determine the current condition of the watershed. Based on these investigations, 19 ecosystem-related indicators were selected
for analysis. For performance calculation, the values for each indicator were derived using a multi-source approach
incorporating global SDG metadata and international reports. Thresholds for certain indicators were defined based on national
and regional standards from official Iranian sources and subsequently validated by expert committees. To determine the
performance level of each indicator, values were normalized on a scale of 0 to 100 using defined upper and lower bounds.
Finally, the spatial distribution of performance was determined for each sub-watershed within the study area.

Results and Discussion: Among the 19 indicators analyzed, the highest performances were observed for indicators related to
mortality and missing persons due to natural disasters (100%) and disruptions in basic services caused by disasters (94%). In
contrast, the lowest performances were recorded for indicators such as the ratio of productive and sustainable agricultural areas
(1%), green cover of mountainous regions (1.21%), and protected plant and animal areas (11.90%). Spatial analysis revealed
that the Shazand Watershed, particularly its central sub-watersheds, is generally in a declining average condition. Key factors
affecting these changes include extensive industrial activities such as refineries and petrochemical plants, as well as increased
mining operations, all of which have negatively impacted the region's ecosystems.

Conclusion: To prevent further resource degradation, all stakeholders at global, national, and especially local levels must recognize
that progress and development must follow a sustainable path. Achieving an acceptable level of growth and development in the
human communities of the Shazand Watershed requires planning based on a deep understanding of the environment and the
strategic leveraging of the region's existing capabilities. Recognizing, reviewing, and analyzing both human and natural capacities
can serve as a foundation for critical development objectives. Given the high rate of industrial growth and resulting pollution in
the Shazand Watershed, combined with efforts to leverage agricultural potential and modernization, a significant step can be taken
toward achieving sustainable development goals. It is therefore recommended that in both short- and long-term planning, provincial
and local managers allocate a higher proportion of public budget investments to the agricultural sector. Additionally, increasing
the share of agricultural development from banking facilities and directing banking resources toward equipping and modernizing
agricultural enterprises can play a key role in improving productivity and employment in this sector.

Keywords: Ecosystem Sustainability, Global Standards, Integrated Watershed Management, Sustainable Development Goals,
Watershed Performance.
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Figure 1- Location of Shazand Watershed in Iran (a), Markazi Province (b)

3o lasbnl gl mlis wezg O yao 10 WD s
S o,l55 g b arng Slaal Sl sleoslsl 3
oy aabio 5l glaalaie Lo slao, bl ulul 5
JooSS laase cos 5l (orw Ll b g cay pai ol

oolawl 8,40 6&&5% aliwlos s
AW 45‘)‘ (_gLa:ua.‘>Lm )‘ gSa Brd .)JS.LQ.C ML‘XQ ‘_g‘).g
RP{RGCOV RSP PSRN Y/ FRPE GOV RESEUOPS RTINS

rolie jslate (pl sl Sz (n Fomb 5 ()
iz 8,509, S @k 5l basls I SO e

'https://unstats.un.org/sdgs/metadata/? Text=&amp;Go
al=2&amp;Target=2.a



https://unstats.un.org/sdgs/metadata/?Text=&a)mp;Goal=2&amp;Target=2.a
https://unstats.un.org/sdgs/metadata/?Text=&a)mp;Goal=2&amp;Target=2.a

Sl anngs Blaal Cazjl> 10 a8 5lupss 51 lagl colaiwl § cblas slo jazli Giod ol Gioins Y¥

arwy Sl Sl gl b )iS (Y- Y#) Sadeghi

soxie szl e el Lo ol 5 o o Vs Iyl

J9o 50 Zoie 0 4 Jad e slagylejle g W jlol 4

Sl arwgi Bloal (I jlueg jl cbles by psll polio - Jgoo

alie loiagy b oad Jlel sloalinl yumen 4

Wy Al 5o 0 .0 ools Csllas oyl ! 5wl slaojg yo

o Sen g Lafortune sl iegs 5l ool b laati]

s Bahlekeh 4 (Y:YY) K 4 Riahi «(Y-YA)

(635 70 bl 50 W33l sl g ol pl (Sl (x5 oy it Sl (2 VL)

Table 1- Values of Sustainable Development Goals of ecosystem conservation indicators (highest
global, optimal, lowest global, Iran and Shazand Watershed in Markazi Province, Iran)
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Figure 2- Performance of ecosystem conservation indicators of sustainable development goals in the
Shazand Watershed, Markazi Province, Iran
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Extended Abstract

Introduction: Hydrological ecosystem services (HES), such as water yield and sediment retention, are
fundamental to ecological balance and sustainable resource management. However, these critical functions are
increasingly disrupted by rapid land use and landscape changes driven by human activities. These dynamics are
effectively captured by landscape metrics, which quantify the spatial configuration, composition, and structure of
land cover patches. This study aims to model and predict key HES in the Talar watershed, Mazandaran Province,
Iran, and to quantitatively examine their relationships with landscape metrics and the processes of landscape
change.

Materials and methods: The research employed a multi-step methodological framework. First, land use/land cover (LULC)
maps for 1989, 2000, and 2014 were generated using the Support Vector Machine (SVM) classifier. A projected LULC map for
2030 was then created using a Markov chain integrated with the Land Change Modeler (LCM). A suite of landscape metrics—
including Number of Patches (NP), Patch Density (PD), Largest Patch Index (LPI), and others—was calculated using
FRAGSTATS software. Concurrently, specific landscape change processes (e.g., deformation, shift, creation) were quantified for
each LULC class using TerrSet. The INVEST model was applied to simulate and project the HES of water yield and sediment
retention for all study years, including the 2030 scenario based on current change trends. Finally, the relationships between the
landscape metrics, change processes, and ecosystem service delivery were analyzed using Pearson correlation coefficients in
SPSS.

Results and Discussion: The Land Change Modeler demonstrated excellent performance in predicting LULC
changes (Klocation = 0.969, Kno = 0.964). Projections for 2014-2030 indicate significant shifts: a decline in forest
(-14.86 km?) and rangeland (-19.85 km?) areas, contrasted with an expansion of rainfed agriculture (+21.01 km?)
and residential areas (+13.60 km2). Pearson correlation analysis revealed that most spatial pattern indices, except
for patch density and edge density, had significant correlations with both water yield and sediment retention. The
Perimeter-Area Ratio (SHAPE_AM or a similar PA metric) exhibited the strongest correlation (0.699 for water
yield; 0.782 for sediment retention). An inverse relationship was found between the Largest Patch Index (LPI) and
these services, suggesting that the dominance of large, consolidated patches can negatively impact hydrological
functions. Furthermore, the Landscape Shape Index (LSI) for forest and rangeland patches decreased over the 25-
year period, a trend associated with reduced water yield and sediment retention. Analysis of change processes
showed that the expansion of rainfed agriculture increased water yield but decreased sediment retention, while the
decline in forest cover negatively impacted both services, highlighting the adverse consequences of deforestation.
Conclusion: The findings indicate that ongoing land use changes and landscape fragmentation are likely to
degrade hydrological ecosystem services and reduce the ecological resilience of the Talar watershed. This study
confirms the significant influence of landscape structure on water yield and sediment retention, with metrics like
the Perimeter-Area Ratio serving as strong indicators. The negative correlation with the Largest Patch Index and
the detrimental impact of forest loss underscore the need for integrated land use planning and targeted conservation
strategies in northern Iran. The combined methodology of spatial modeling, landscape metric analysis, and change
process assessment provides a robust and practical framework for evaluating and predicting ecosystem services at
the watershed scale, offering valuable insights for sustainable environmental management.

Keywords: Change scenario, Environmental sustainability, INVEST model, Land change modeler, Spatial
analysis
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Figure 1- Land use maps of the Talar watershed
in 2014 and 2030
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Table 2- Land use areas in the talar watershed
under current and future conditions
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Figure 2- Map of water yield (left) and sediment retention (right) ecosystem services in the Talar
watershed for 2030
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Table 3- Results of landscape metrics calculation at the landscape level across watershed and sub-
watershed scales

AWMCC  AWMSI PA LSI ED LPI PD NP  Ju el
0.72 4.08 5654.4 476 139 8679 1.1 82 1989
0.73 43 5173.1 575 1847 8295 152 114 2000
0.73 4.33 5168 61 2012 8296 202 151 2014 >
0.73 4.21 5145.5 631 2112 8281 276 206 2030
0.64 5.96 4030.4 609 2125 71.65 106 78 1989
0.63 5.89 4235.2 607 2116 741 103 76 2000 )
0.63 5.78 4308.5 593 205 7484 084 62 2014 !
0.64 55 4217.9 633 2242 7471 181 133 2030
0.45 1.69 6193.7 171 099 9911 0.1 6 1989
0.44 1.8 6222.6 18 148 9935 014 9 2000
0.47 2.01 5923.3 202 257 9691 008 5 2014 B
0.47 2.02 5919.5 203 263 9.9 008 5 2030
0.58 361 3119.7 393 1444 7755 073 36 1989
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0.62 5.14 25038 564 2413 6849 111 55 2000
0.68 5.15 16685 697 3171 5469 133 66 2014
0.68 5.06 15864  7.86 3686 5316 499 247 2030
0.61 3 93961 296 488 941 009 10 1989
0.62 3.29 92204 328 61 932 021 22 2000
0.63 3.34 88746 335 637 914 014 15 2014 S
0.63 3.37 88348 355 716 912 061 65 2030
057 155 104243 155 0 100 001 1 1989
0.57 155 104243 155 0 100 00l 1 2000
0.57 155 104243 155 0 100 001 1 2014 =¥
0.58 1.56 104158 156 0 100 001 1 2030
0.63 5.29 5854 566 1732 8029 088 79 1989
0.62 5.1 61362 557 1692 8235 079 71 2000
0.62 4.66 62958 504 1472 8342 057 51 2014 =
0.61 4.56 64509 502 1466 8464 08l 73 2030
0.54 3.09 31534 358 1141 7349 067 36 1989
0.55 33 31548 395 1343 7415 073 39 2000
0.55 3.18 31845 384 1283 7453 073 39 2014 sl
0.55 3.24 31764 39 1313 7445 084 45 2030
0.77 6.58 73519 871 1976 4492 123 250 1989
0.78 6.53 66362 955 2212 4013 129 262 2000
0.78 6.29 6560.1 9.8 2283 4075 148 302 2014 -
0.76 6.33 65059 103 2422 4184 202 411 2030
0.79 717 151484 953 17.75 6835 15 458 1989
0.75 6.8 161405 933  17.29 7074 125 381 2000 ]
0.76 5.8 150031 919 1696 7123 121 370 2014 =
0.73 5.15 152838  9.86 1849 69.84 171 521 2030
0.75 8.27 176158 1443 1829 4413 135 867 1989
0.75 7.94 180504 1456 185 4606 112 718 2000
0.76 6.81 16507.1 1468 1869 4359 106 679 2014 <ot
0.77 7.22 157585 1672 21.93 4213 175 1122 2030
0.76 1219 695191 183 1545 5944 103 1817 1989
0.74 131 761958 1921 1632 60.6 093 1637 2000 y
0.75 11.95 7311967 1951 166 5923 092 1625 2014 0
0.75 1178 7186201 2099 1806 5881 152 2686 2030
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Table 4 — Landscpe change processes in different land use types during the study periods at the watershed and sub-
watershed scales of Talar
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Table 5 — Pearson correlation results between landscape metrics and hydrological services in the Talar

watershed
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Extended Abstract

Introduction: Climate change stands as one of the most critical environmental challenges of the 21st century, with
profound implications for natural resources and the agricultural sector. It disrupts established climate patterns, directly
threatening water sustainability, soil fertility, and the ecological cycles that underpin agricultural production. Globally,
rising temperatures, shifting precipitation regimes, prolonged droughts, and the increased frequency of extreme weather
events like floods and heatwaves jeopardize agricultural yields. According to the Intergovernmental Panel on Climate
Change (IPCC), global temperatures have already increased by approximately 1.1°C since pre-industrial times and could
exceed 4°C by the century's end if current trends continue. Such changes are projected to reduce yields of staple crops
such as wheat, rice, and maize by 10 to 25 percent in some regions by 2050, with disproportionate impacts on developing
nations reliant on subsistence farming. Iran, with its predominantly arid and semi-arid climate, is highly vulnerable. The
country faces reduced precipitation, rising temperatures, recurrent droughts, and the depletion of surface and
groundwater resources. These climatic stressors endanger agricultural productivity, rural livelihoods, and national food
security, presenting multidimensional environmental, economic, and social challenges. This study employs a systematic
bibliometric analysis to map and evaluate the international scientific literature on Iranian farmers' adaptation to climate
change, addressing key quantitative, qualitative, conceptual, and geographic research questions.

Materials and methods: This research utilizes a systematic bibliometric analysis to map and evaluate the international
scientific literature concerning Iranian farmers' adaptation to climate change. The focus on internationally indexed
sources ensures methodological rigor and global scientific representation. A two-stage systematic search was conducted
to identify relevant publications. First, a general search combining terms for adaptation, climate change, and Iran yielded
384 documents, including research articles, reviews, conference proceedings, and books. Second, a refined search
incorporating agriculture and farmer-specific terms narrowed the corpus to 140 publications. The bibliographic data
from these publications were imported into VOS viewer software for quantitative analysis. Techniques such as co-
authorship and keyword co-occurrence analysis were applied to uncover collaboration networks, identify prolific authors
and countries, and trace thematic trends and conceptual evolution. This quantitative bibliometric approach provides a
data-driven overview of the research landscape, revealing knowledge gaps, methodological tendencies, and priority
topics within this critical domain.

Results and Discussion: The findings indicate that scientific production on Iranian farmers' climate adaptation has
followed a steadily increasing trend, with international collaborations enhancing both methodological quality and policy
relevance. Thematically, most studies have focused on individual and socio-economic factors, vulnerability assessments,
and behavioral models, although a significant portion (25%) lacked a clear theoretical framework. Geographically,
research has been concentrated in agriculturally intensive and climate-vulnerable provinces such as Khuzestan, Fars, and
Azerbaijan. The analysis identified a wide range of adaptive behaviors among farmers, including adjustments to planting
dates, the adoption of drought-resistant seeds, improved water management practices (e.g., drip irrigation, rainwater
harvesting), the use of innovative technologies like precision agriculture, engagement with economic mechanisms such
as crop insurance, participation in educational interventions via extension services, and responses influenced by
psychosocial factors like risk perception and self-efficacy.

Conclusion: This bibliometric analysis provides a comprehensive, data-driven overview of international research on
Iranian farmers' adaptation to climate change, illuminating publication trends, key contributors, collaborative networks,
dominant themes, and geographic focus areas. The findings highlight the multifaceted nature of adaptation, underscoring
the necessity of integrating social, economic, and environmental factors while also pointing to a need for more robust
theoretical frameworks to guide future empirical work. The study reveals significant regional research disparities,
advocating for targeted investigations in understudied provinces. Furthermore, the results emphasize the critical role of
international cooperation in elevating research quality and policy relevance. These insights can inform strategic planning
for climate adaptation policies tailored to Iran's diverse agro-ecological contexts, ultimately supporting resilient
agricultural development in the face of ongoing climatic shifts.
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Table 2. Categorization of Research Objectives in Studies on Farmers’ Adaptation to Climate Change
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Extended Abstract

Introduction: In recent decades, the increased intensity and frequency of flood events due to climate change,
urbanization, and land degradation have become a major challenge in water resource management. The occurrence of
flash floods in mountainous areas of the country, including the Taleghan watershed, results in consequences such as soil
erosion, damage to infrastructure and threats to water resources. Therefore, accurate prediction of flood discharge and
hydrological behavior of watersheds is essential for timely decision-making in early warning systems and risk
management. The present study aimed to evaluate and compare the performance of three models, XBeach, DBN, and
LightGBM, in predicting the maximum monthly flood discharge in the Taleghan watershed.

Materials and methods: The data used included time series of monthly discharge from hydrometric stations in the region
over several consecutive years. To evaluate the effect of temporal memory, four different seasonal combinations were
designed, including lags of one to four seasons (each season consisting of three months) in the discharge modeling. After
preprocessing, standardization and separation into training and test sets, the data were analyzed within the framework of
the three models using the R programming software. The physical model XBeach was analyzed as a process-based
baseline, while the DBN model was implemented using the structure of dynamic Bayesian networks and probabilistic
hidden layers to represent temporal dependencies of the data. The LightGBM model was designed as a gradient boosting
tree, with optimization of learning parameters and non-surface growth of trees. The performance of the models was
evaluated using the statistical indices NSE, RMSE, MAE and the correlation coefficient (R).

Results and Discussion: The results showed that the LightGBM model had a significantly better performance than the
other two models in all stations and in all temporal combinations. With NSE values ranging from 0.908 to 0.931 and
correlation coefficient between 0.896 and 0.918, this model showed the highest degree of agreement with the observed
data. Also, the RMSE error values for the LightGBM model at the studied stations ranged from 0.079 to 0.131, indicating
the high accuracy of the model in predicting the maximum monthly discharge. The DBN model provided good
performance with NSE values between 0.864 and 0.896 and correlation coefficient 0.816 to 0.832, while the XBeach
numerical model with NSE values of 0.834 to 0.862 and correlation of 0.807 to 0.823 had lower accuracy than the two
data-driven models. Despite the relative superiority of the DBN model over XBeach, the performance difference between
the two models was not statistically significant in most temporal combinations. Given the complexity of the network
structure and the higher computational cost of DBN, the use of the XBeach model is suggested as a more practical option
in the second rank. In addition, the ability of the LightGBM model to reproduce seasonal fluctuations and strong flow
trends was more significant than other models. The DBN model also performed better compared to XBeach, but the
statistical difference resulting from the evaluation criteria between the two models was not significant in most
combinations. Considering the complexity of the network structure, high computation time, and cost of adjusting DBN
parameters, the use of the XBeach numerical model is recommended as a more economically and practically efficient
option. In contrast, the ability of LightGBM to combine nonlinear features of input data and learn complex patterns made
this model the most accurate and stable option for flow prediction.

Conclusion: Correlation analyses between observational and predicted data showed that the points resulting from the
LightGBM model had the highest density along the one-to-one correlation line and showed the least dispersion, while
the XBeach and DBN models had more deviation from the correlation line. These findings are consistent with recent
studies that have reported the effectiveness of gradient boosting algorithms in flow and flood prediction. Overall, the
findings of this study suggest that the use of lightweight and fast data-driven models such as LightGBM can play an
important role in the development of flood forecasting systems in mountainous basins such as Taleghan. High accuracy,
fast update capability, low computational requirements, and the possibility of integrating with remote sensing data make
this model a suitable option for use in early warning systems and intelligent water resource management. The main
innovation of this research is to provide a quantitative and systematic comparison between lightweight data-driven
models, deep learning, and physical process models for predicting the maximum monthly discharge, as well as analyzing
the sensitivity of their performance to the input temporal memory length, which leads to the presentation of an
operational decision-making framework based on accuracy and computational cost.
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7. Light Gradient-Boosting Machine
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Table 2- Statistical results of input data for modeling and forecasting floods with the LightGBM model
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Table 3- Statistical results of input data for modeling and forecasting floods with the Xbeach model

u}“)i 033 ac goxo

ui'aj,.ni 0313 acgxo

S o Lo ol |
R MAE RMSE NS R MAE RMSE NS
0.823 1.356 1.458 0.862 0.843 1321 1432 0.823 4
0821 1359 1461 0.854 0.835 1.325 1435 0.868 3 Olwe>
0.817 1.363 1.467 0.847 0.831 1.327 1439 0.863 2
0.809 1.368 1.471 0.841 0.824 1331 1441 0.859 1
0.822 0425 0451 0.861 0.842 0423 0437 0871 4
0.819 0428 0454 0852 0.834 0424 0441 0.867 3 Olws ol e
0.816 0431 0455 0.844 0.829 0.427 0.443 0.861 2
0.812 0434 0457 0.837 0.821 0431 0444 0.853 1
0822 0364 0383 0859 0.841 0.352 0.371 0.871 4
0817 0365 0.388 0851 0.832 0.355 0.372 0.866 3 Ol olyle
0.814 0.368 0.391 0.843 0.826 0.359 0.374 0.859 2
0811 0371 0391 0.836 0.819 0.361 0.377 0.848 1
0821 0374 0393 0.858 0.838 0.362 0.379 0.869 4 j
0816 0.375 0.394 0.849 0.831 0.362 0.381 0.865 3 00 a5
0.813 0.378 0.395 0.842 0.825 0.364 0.383 0.858 2
0.809 0.381 0.397 0.835 0.817 0.367 0.385 0.846 1
0.821 0.297 0.313 0.857 0.837 0.294 0.303 0.867 4
0.815 0.297 0.315 0.848 0.829 0.295 0.305 0.864 3 SRS
0811 0299 0.315 0.841 0.824 0.295 0.308 0.855 2
0.807 0.303 0221 0.834 0.816 0.298 0.312 0.843 1

DBN Juto b s (St s 3 (3 Joho St (69939 5 0315 (53bo] gl — ¥ Jgur
Table 4- Statistical results of input data for modeling and forecasting floods with the DBN model
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Figure 3- Model correlation comparison chart
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Extended Abstract

Introduction: Iran’s unique spatial-geographical context renders it highly vulnerable to natural hazards, including
floods and droughts. The aim of the present study is to investigate the factors affecting the adaptation of Iranian
agricultural communities to natural hazards with an emphasis on floods and droughts (single-hazard studies) and
studies on the combination of these hazards (combined studies) occurring in different regions of Iran.

Materials and methods: The method of this research is systematic analysis, which is a type of qualitative research
method based on secondary sources and is used to examine phenomena and identify categories based on research
literature. In previous studies, the concepts of "adaptation™ and "adaptation capacity” have often been examined in
a well-known analytical framework (concept analysis), but in this study, first the theoretical foundations related to
adaptation and its capacity were studied based on a review of relevant sources and literature, and then, using
conceptual methodology and systematic analysis, related research conducted in the country in the form of articles,
dissertations, and theses included in the databases of Scientific Information Database (SID), Iranian Research
Institute for Information Science and Technology (IranDoc), Iran's Publications Database (Magiran), Civilica and
Google Scholar were analyzed using Nvivol2 software and in three stages: creating information categories (open
coding), selecting one of these categories and placing it in a relationship model (axial coding), and then inferring
a classification using the internal relationships of these categories (coding). “Selective” was conducted and factors
affecting the adaptation of Iranian agricultural communities to natural hazards were identified.

Results and Discussion: The first studies conducted in the field of adaptation in Iran were mostly articles in 1989
in the "Iranian Journal of Agricultural Science" and mostly master's thesis in 2000 at Al-Zahra University, but
adaptation studies in the field of natural hazards, especially in rural areas and agricultural communities, have a
short life; so that the results obtained from these studies in Iran began in the early 1990s. Based on the inclusion
and exclusion criteria, after scientific filtering, 80929 scientific documents, 51 articles and thesis were included in
the review process. The highest frequency was related to the "Google Scholar" database and the lowest frequency
was related to the "Magiran” database. The highest and lowest number of studies conducted were in 2011 and 2024
(7 studies in each year) and in 2015 (one study), respectively. The most of the studies data were analyzed using
statistical tests. ArcGIS software was used to georeference the data and spatially display the data for zoning in the
study areas. In the analysis stage and also the interpretation of the output of the documents, three stages were
performed: open coding, axial coding, and selective coding in the NVivol2 software environment. The data
analysis process in the open coding stage ultimately led to the extraction of 72 concepts, 31 subcategories, and 7

main categories, which include the factors of "educational-extension”, "knowledge", "institutional”, "technical-
infrastructure”, "economic”, "social", and "agricultural".

Conclusion: The results indicate that statistical tests have the highest frequency and the use of analytical
techniques has the lowest frequency in the field of study methods of the statistical sample of the research. Also,
the most studies conducted in the field of adaptation are in the field of drought and the least studies conducted in
the field of flood studies, and social factors (with a frequency of 20.5%) have the highest and educational-
promotional factors (with a frequency of 4.3%) have the lowest impact on the adaptation of rural communities in
Iran to natural hazards. This indicates that relevant local, provincial and national institutions can increase the level
of adaptation of rural communities to natural hazards by developing infrastructure and social capital such as
participation, trust, interaction, etc., and make them resilient to such hazards.
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Table 4 - Summary of Studies on the Adaptation of Agricultural Communities in Rural Areas of Iran
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Table 5- Regional division of study areas in the adaptation of Iran’s rural agricultural communities
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Table 6- Research methodology for the
statistical population
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Figure 5- Percentage of frequency of the
research area under study
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Table 8- Indicators studied in the statistical

population
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Extended Abstract

Introduction: Today, climate change has widespread impacts on human life and its natural environment, to the
point that some researchers consider this phenomenon one of the most important global threats of the 21st century.
By affecting factors such as temperature, evapotranspiration, and precipitation, climate change has accelerated the
severity of droughts and imposed sudden stresses on most human, animal, and plant ecosystems. This ultimately
leads to a shortage of water resources; the drying up of lakes, rivers and wetlands, a decrease in groundwater levels,
land subsidence, a decline in water quality, soil erosion, desertification; and an increase in dust storms in the
country. Therefore, the main goal of this research is to study climate behavior in the drainage basins of Iran to
reveal the trends of climate elements and analyze environmental crises caused by climate change.

Materials and Methods: In the present study, daily precipitation, temperature, and humidity data from synoptic
and climatological stations with at least 50 years of statistical data were used to analyze the climate of 6 major
Iranian drainage basin (level 1 basins) in the last half century. The data, covering the period from 1975 to the end
of 2024, were obtained from the National Center for Climate and Drought Crisis Management. Following
statistical analysis, temporal and spatial analyses were conducted. Graphic diagrams of temperature, precipitation,
and evapotranspiration were generated, and drought maps were extracted based on the Standardized Precipitation
Index (SPI) separately for all major drainage basins of the country.

Results and Discussion: The results showed that the dominant climate pattern in Iran over the last 50 years has
been an increasing trend in temperature and evapotranspiration, along with a decreasing trend in precipitation in
many regions. Over the last half century, the annual temperature trend in the country has increased by about 0.41
°C per decade, which is higher than the global average. Furthermore, the trend of potential evapotranspiration in
Iran indicates that this parameter has been increasing at a rate of 13.5 mm per year. Precipitation has also changed
significantly and has become anomalous. This change is clearly evident both on a decadal scale and in annual time
series, with the rainfall trend decreasing by 1.1 mm per year. The climatic analysis of Iran's drainage basins over
the last half century revealed that the Caspian Sea watershed has been experiencing severe drought, with 37% of
the basin area affected. In the Persian Gulf and Oman Sea basins, severe droughts have affected more than 50%
of the basin area. In the Lake Urmia basin, a mountainous hub in the northwest, the share of severe drought is
47%. In the Central Plateau watershed, the largest in Iran, the share of wet years is near zero, while droughts cover
close to 80% of the basin area. In the border watershed of eastern Iran, droughts cover 60% of the basin area. In
the Qaragom (Sarkhs) watershed, very severe droughts account for 44% of the area. It appears that drought in Iran
is not limited to the inland and low-rainfall regions; the possibility of this phenomenon occurring in any climate
(even the high-rainfall Caspian regions) exists. In the last half century, drought in Iran has both intensified and
spread, penetrating even the northern, northwestern, and western halves of the country. Meanwhile, wet years are
increasingly concentrated, following a phenomenon of climatic nesting. This situation confirms the role of
increasing global warming and climate change.

Conclusion: Iran's specific geographical location—being situated in a hot and dry region of the planet, adjacent
to the Lut Desert and central deserts, and distant from moisture-rich sources—has caused the amount of
precipitation in Iran to be much lower than the global average. Today, increasing global warming and climate
change have exacerbated the arid and drought conditions in the country. Therefore, increasing temperatures on
one hand and decreasing precipitation on the other can lead to a reduction in surface water storage, a decrease in
soil moisture retention, an increase in evaporation, and ultimately a water shortage and drought crisis. In addition,
the distance from moisture sources, the proximity to internal deserts, and the location in the rain shadow of the
Zagros and Alborz mountain ranges have caused Iran's drainage basins to suffer from severe drought and water
crises.
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Extended Abstract

Introduction: Contamination of water resources by heavy metals, due to their high persistence, bioaccumulation
potential, and toxic effects, is considered to be one of the serious challenges for sustainable water resources
management in urban-industrial watersheds. The Karaj watershed, because of its population density, industrial and
agricultural activities, is among the areas prone to this type of contamination. However, a comprehensive
assessment of the spatial distribution and environmental status of heavy metals in the water resources of this
watershed has received less attention. Therefore, the overall aim of this study is to spatially analyze and assess the
risk of heavy metals in the groundwater resources of the Karaj watershed in order to provide management strategies
for sustainable water resources development.

Materials and methods: Water samples were collected from 22 monitoring stations distributed across the Karaj
watershed, covering the upstream, midstream, and downstream reaches. Sampling and analyses were conducted
in collaboration with the Alborz Province Water and Wastewater Company. Concentrations of Arsenic (As),
Nickel (Ni), and Chromium (Cr) were determined using standard methods recommended by the World Health
Organization (WHO) and the Iranian National Standards (ISIR1 1053). Geographic coordinates of sampling points
were recorded using GPS devices. To assess the spatial variability of metal concentrations, the Inverse Distance
Weighting (IDW) interpolation method was applied in the ArcGIS environment. Three pollution indices were used
to quantify the contamination levels: (1) the single-factor Pollution Index (P1), (2) the Heavy Metal Pollution Index
(HPI), and (3) the Contamination Degree (Cd). The results of these indices were compared with the permissible
limits of WHO and ISIRI standards. Statistical analyses were conducted using descriptive statistics and correlation
analysis to evaluate the relationships among metals and identify potential pollution sources.

Results and Discussion: The concentrations of As, Ni, and Cr in all sampling sites were below the permissible
limits of the WHO and ISIRI drinking water standards. Spatial interpolation maps revealed that the concentration
gradients of heavy metals were generally uniform across the watershed, with slightly elevated values near
agricultural and urban zones the downstream of the Karaj River. The calculated pollution indices indicated low
contamination risk in all sampling locations: the maximum P1 values were below 1, the mean HPI was significantly
lower than the critical value of 100, and the Cd index approached zero. These findings suggest that the water
quality in the Karaj watershed is within a safe range with respect to heavy metal pollution. The spatial uniformity
of contamination patterns reflects the absence of major point-source pollution, implying that the detected
concentrations primarily result from natural geochemical processes and limited non-point sources. The integration
of GIS-based spatial analysis with pollution indices proved effective for identifying potential vulnerable zones and
for supporting watershed-scale environmental management.

Conclusion: The concentrations of As, Ni, and Cr in the surface water resources of the Karaj watershed were
below the applicable national and international permissible limits. Furthermore, the calculated pollution indices
indicated no significant contamination. These findings suggest that heavy metal contamination in the surface water
resources of the Karaj watershed is currently limited. The key findings are summarized as follows:

1. Water quality in the study area was within acceptable limits with respect to the heavy metals investigated.

2. Spatial variations in heavy metal concentrations were limited and appeared to be primarily associated with
natural geological factors.

3. The PI, HPI, and Cd indices consistently indicated low levels of contamination, suggesting relatively good water
quality with respect to heavy metal pollution.

4. Continued periodic monitoring, combined with spatial analysis techniques, could help identify potential changes
in heavy metal concentrations associated with urban and agricultural development.

The analytical approach adopted in this study provides a preliminary framework for assessing heavy metal
contamination in other watersheds across the country.

Keywords:Heavy metals, Heavy Metal Pollution Index (HPI), Inverse Distance Weighting (IDW), Karaj
Watershed, Sustainable Water Resources Management.
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Table 1- Accuracy assessment of interpolation
methods for Arsenic using cross-validation

s MBE R? MAE  RMSE
s (Ho/L) (Mo/lL)  (no/b)
IDW
(Power=1) -0.03 074 0.41 0.52
IDW
(Power=2) 001 085 0.30 0.39
IDW
(Power=3) 002 079 0.37 0.46
Sy S
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Jae - odls 0/03 0/8 0/36 0/47
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'8 Ordinary Kriging

7 Simple Kriging
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ISIRI limit  WHO limit Std. Dev  Median Mean Max Min Metal
10 10 0.47 1.3 1.39 2.2 0.2 As
50 50 3.15 6.2 6.89 16.1 2.1 Cr
3 3 0 0 0 0 0 Cd
2000 2000 0.37 0 0.16 2 0 Cu
10 10 0 0 0 0 0 Pb
70 70 5.02 6.9 7.48 27.3 2.2 Ni
3000 3000 7.61 2.1 3.48 84.8 0.3 Zn
400 400 0.27 0 0.10 1 0 Mn
300 300 0.06 0.05 0.07 0.2 0 Fe
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Figure 2- Spatial distribution maps of selected heavy metals (As, Ni, and Cr) in groundwater of the Karaj
Watershe
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Table 3- Calculated pollution indices (P1, HPI,
and Cd) in groundwater samples of the Karaj

Watershed
cd Plmax HPI Sample

Code

0 0.39 4.28 s1

0 0.35 3.85 s2

0 0.31 4.12 s3

0 0.29 4.45 S4

0 0.28 4.08 S5

0 0.27 4.36 S6

0 0.32 4.28 Mean
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Figure 3b. Spatial distribution of HPI
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Figure 3- Spatial distribution maps of heavy metal pollution indices in groundwater of the Karaj
Watershed: (a) Plmax, (b) HPI
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Table 4- Pearson correlation coefficients among heavy metals measured in groundwater sources of the
Karaj Watershed

Fe Mn Zn Cu
0.05 0.15 0.23 0.10
0.09 0.19 0.31 0.12
0.13 0.21 0.38 0.18
0.08 0.03 0.05 1.00
0.11 0.25 1.00 0.05
0.32 1.00 0.25 0.03
1.00 0.32 0.11 0.08

Ni Cr As
0.56 0.42 1.00 As
0.61 1.00 0.42 Cr
1.00 0.61 0.56 Ni
0.18 0.12 0.10 Cu
0.38 0.31 0.23 Zn
0.21 0.19 0.15 Mn
0.13 0.09 0.05 Fe
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