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Figure 1- Geographical location of third-order watersheds studied in health assessment, Iran.
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The variability of the effect of pressure, state, and response indicators on future healt.
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Calculation of physiographic, climatic, and
hydrological data related to pressure, state,
and response indicators

v

Division of criteria into two categories:
dynamic and static

v

Calculation of watershed health index using
the PSR model

v

Mapping of watershed health index
for present conditions

v
Prediction and mapping of
watershed health index for the years
2033, 2043, and 2053

Analysis of the effects of percentage changes in
PSR indicators on the future health of the country

g% leidiy, - S
Figure 2- Flowchart of research methodology.
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Table 1- Evaluation statistics in predicting dynamic criteria of the health index of the third-order
watersheds of Iran.

Criteria* Optimal model R? RMSE MAE
Mean rainfall erosion Power Regression 0.75 17.2 16.04
Erosion damage Linear Regression 0.81 9.08 5.98
Daily groundwater changes SARIMA 0.78 0.99 0.78
Palmer drought index SARIMA 0.81 0.97 0.79
Potential evapotranspiration Random Forest 0.82 0.99 0.81
Population Linear Regression 0.98 1.24 0.98
Mean water erosion Linear Regression 0.89 0.91 0.82
Precipitation components SVM 0.88 0.91 0.79
Temperature components Random Forest 0.86 0.65 0.55
BSI index SARIMA 0.83 1.56 0.97
LST index SARIMA 0.9 0.91 0.72
NDSI index SARIMA 0.91 0.83 0.69
NDTI index SVM 0.87 0.98 0.86
NDVI index Random Forest 0.84 1.22 0.92
NDW!I index Random Forest 0.93 0.78 0.67
Soil salinity index SVM 0.95 0.66 0.52
TVDI index KNN 0.96 0.55 0.45
Wind components SARIMA 0.85 3.21 2.12

NDVI (55,555 Lol oud loxigy (asls) NDTI oGy Jolis sud loxigy (asLs) NDSI (e gl (sloo) LST () S a5Ls) BSI *

(BLS g dos o S asli) TVDI (O] Jolis snds jlowigs asLis) NDWI o ol Joles oo )lxigs as-Lis)
*: BSI (Bare Soil Index), LST (Land Surface Temperature), NDSI (Normalized Difference Snow Index), NDTI (Normalized Difference Tillage Index),
NDVI (Normalized Difference Vegetation Index), NDWI (Normalized Difference Water Index), and TVDI (Temperature Vegetation Dryness Index).

03 a5 et Bl ity ol <o 9 KaAPPa <y o -Y Jgoz
Table 2- Kappa coefficient and final accuracy in land-use impact prediction.
Year Kappa coefficient Qualitative interpretation of the Kappa coefficient  Production accuracy
2033 0.94 Excellent agreement 0.96
2043 0.84 Excellent agreement 0.91
2053 0.78 Remarkable agreement 0.87
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Figure 3- Zoning of health status in the country's third-order watersheds under current conditions.
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Table 3- Contribution of PSR indices to the health index of Iran's third-order watersheds.

PSR Model Indicators

Effect size in target years (%)

2033 2043 2053
Pressure 19.49 20.13 19.70
State 19.31 18.37 19.35
Response 61.20 61.50 60.94
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Extended Abstract

Introduction and Goal

Watershed health is a broad term that encompasses water resources, ecological quality
(including vegetation, plant and animal communities, native plants, geomorphological features,
and precipitation-runoff processes), and morphological features. The country's water and food
security, as the main national goals, are under threat due to improper management of water and
land resources. Comprehensive assessment and management of watersheds are considered
effective and efficient approaches by international scientific communities for managing water,
land, and their dependent resources, and for balancing the socio-economic needs of watershed
communities with the health and sustainability of ecosystems. Also, awareness of watershed
health is considered one of the most fundamental aspects of sustainable, comprehensive
watershed management. Therefore, in this study, the effects of pressure, state, and response
indicators on the health of the country's third-order watersheds were predicted.
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Materials and Methods

To achieve the research aim, more than 520 criteria related to pressure, state, and response
indicators from environmental, climatic, and human factors were identified and collected for
about 640 watersheds. Then, due to correlations among criteria, the variance inflation factor test
was used to reduce the data and eliminate criteria with severe multicollinearity. Finally, the
indicators were divided into two categories: static and dynamic. Next, the criteria affecting the
health and security status of watersheds were extracted with appropriate spatial accuracy at the
sub-watershed and PSR model levels, and their values were calculated for the current conditions
(2023). After determining the dynamic criteria, various methods, including regression, the
SARIMA model, and machine learning algorithms, were used to predict dynamic criteria for
2033, 2043, and 2053. After predicting the dynamic criteria, the PSR conceptual model was
applied to future years, and the health zoning of the country's third-order watersheds was
conducted in ArcGIS 10.8. To assess future status, dynamic indicators were predicted from
time-series data for 2033, 2043, and 2053, and the effects of each indicator on watershed health
were analyzed.

Results and Discussion

A spatial zoning analysis of the health of the country's third-order watersheds in 2033, 2043,
and 2053 showed that health status was heterogeneous. In the northern regions (Gilan,
Mazandaran), high rainfall and dense vegetation cover result in favorable watershed health (60-
70% in the good and very good classes). In contrast, the southern regions (Hormozgan and
Sistan and Baluchestan) have poorer status (40-50% in the moderate to poor classes) due to low
rainfall and inappropriate human activities. Accordingly, in the coming years, the health of
northwestern regions is expected to decline somewhat, while eastern regions (such as Khorasan
Razavi) will be severely affected by drought and excessive water extraction, with health
declining to below 20%. Overall, the results showed that the response index (about 61%) had a
greater effect on the health of the study watershed system than the pressure and state indices.
Therefore, no significant change was observed in the future study years (2033, 2043, and 2053)
in the impact of the PSR model indices on the watershed health index.

Conclusion and Suggestions

The analysis showed that future watershed management should be based on rapid
responsiveness, as it will increasingly rely on adaptive measures such as vegetation restoration
and flood control. Also, although the impact of human pressures (about 20%) is relatively
stable, its fluctuations require integrated management of human activities such as agriculture
and urban development. On the other hand, the relative stability of the state index (about 19%)
indicates the need to focus on long-term strategies, such as soil and water resource conservation.
Therefore, combining flexible short-term measures with sustainable conservation policies will
be the key to optimal watershed management in the face of future environmental changes.
Overall, the findings of this study support a dynamic and adaptive approach to watershed
management, in which the combination of short-term, reactive strategies based on monitoring
(such as temporary changes in cropping patterns in response to drought) and long-term
conservation strategies provides feedback for modifying and strengthening long-term,
sustainable strategies (such as ecosystem restoration and integrated water resources
management) and paves the way for the creation of an adaptive management approach, leading
to a systemic correlation between these two levels or, by improving it, ensuring the health of
watersheds against future changes. According to the study's results, it is recommended that
governing bodies, such as the Natural Resources and Watershed Management Organization and
the Ministry of Energy of Iran, use these findings to develop regulations for budget allocation to
watershed management projects.

Keywords: Dynamic modeling, integrated watershed management, PSR conceptual framework,
watershed health prediction
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