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Watersheds are socio-ecological systems that can be significantly affected by
climate change. Changes in the pattern and amount of precipitation and increase in
temperature can increase the vulnerability potential of watersheds. Understanding
the impacts of climate change on hydrological processes and other aspects at the
watershed level is crucial for developing approaches to mitigate or adapt to these
effects. Therefore, this research aims to assess the impact of climate change on the
health of the Radkan watershed in Razavi Khorasan province. In this study, the
health of the watershed was initially evaluated for the historical period of 1990-
2014 using the Pressure-State-Response (PSR) framework. Sixteen natural and
human criteria were selected and classified into three indices: pressure, state, and
response. After calculating the criteria for the 14 studied sub-watersheds, they were
standardized and weighted using the Analytic Hierarchy Process (AHP). Finally, the
health of the studied watershed was determined using the PSR framework for the 14
sub-watersheds and classified into five categories: healthy, relatively healthy,
moderately healthy, relatively unhealthy, and unhealthy. To investigate the impact
of climate change on the health of the watershed, data from the climate model MPI-
ESM1.2-HR were used under two scenarios: SSP2-4.5 and SSP5-8.5. The predicted
climate data in three future time periods of 2026-2050, 2051-2075, and 2076-2100
were investigated. The results indicated that during the historical period, one sub-
watershed was classified as healthy, two sub-watersheds were relatively unhealthy,
and the remaining sub-watersheds were moderately healthy. Comparing the health
index in the future time periods with the historical period revealed a decrease in
health under both scenarios. The average decrease in the time periods of 2026-2050,
2051-2075, and 2076-2100 under the SSP2-4.5 scenario was 8.84, 8.49, and
11.11%, respectively. Under the SSP5-8.5 scenario, the average decrease was 7.33,
13.04, and 9.85% for the same time periods.
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EXTENDED ABSTRACT

Introduction: Introduction: Health assessment has been one of the most practical approaches to assessing the
status and dynamics of watersheds. The health of ecosystems is its potential to preserve and maintain the
structure, self-regulation, and reviving its strength after dealing with tensions. Therefore, the concept of
ecosystem health is considered one of the most basic concepts in the comprehensive assessment and
management of regions. Nowadays, watersheds are exposed to many risks due to changes in the natural
environment caused by human activities. Therefore, to determine the appropriate management plan, there is a
need to assess the health status of the watershed. Various methods have been provided in this field, including
Conceptual models of Reliability-Resilience-Vulnerability (RRV), Vigor-Organization-Relaibility (VOR), and
Pressure-State- Response (PSR) and extended versions of this model. The watershed can be considered as the
intersection of a natural ecosystem and human activities, which is constantly changing. Since these changes,
including changes in precipitation patterns and temperature increases, can increase the vulnerability of
watersheds, therefore, knowing the effects of climate change on hydrological processes and other aspects of the
watershed, can create approaches to reduce these effects or adapt be with them. Therefore, the current research
was conducted to evaluate the effects of climate change on the health of the Radkan watershed in Razavi
Khorasan province via the pressure-state-response (PSR) framework.

Methodology: Methodology: To evaluate the health of the Radkan watershed in the historical period of 1990-
2014, first, 16 natural and human criteria were selected and classified into three pressure, state, and response
indicators. Then the studied area was divided into 14 sub-watersheds and the mentioned criteria were calculated
and standardized for all of them. After, the weight of each criterion was calculated through the analytic
hierarchy process (AHP). Finally, the health index in the historical period of 1990-2014 was calculated for 14
sub-watersheds through the PSR framework and classified into five classes (healthy, relatively healthy,
moderately healthy, relatively unhealthy, and unhealthy). To investigate the role of climate change in the health
of the watershed, rainfall, and temperature data of climate model MPI-ESM1.2-HR have been used under two
scenarios SSP2-4.5 and SSP5-8.5. In this way, the precipitation data in the average annual precipitation
criterion, the temperature data in the potential evapotranspiration criterion, and the relationship between
precipitation criteria and Normalized Difference Vegetation Index (NDVA) was used to calculate NDVA in
three future time periods including 2026-2050, 2051-2075, and 2076-2100. Finally, the health index was
calculated for 14 sub-watersheds in three future time frames under two scenarios SSP2-4.5 and SSP5-8.5, and its
changes compared to the historical period were investigated.

Results and Discussion: he results of calculating the health index in the historical period of 1990-2014 showed
that sub-watersheds 1 and 10 are in the relatively unhealthy class, sub-watershed 9 is in the healthy class, and
the rest of the sub-watersheds are in the moderately healthy class. The results of the health index evaluation of
the study area in the time period of 2026-2050 under the SSP2-4.5 scenario showed that most of the sub-
watersheds are in a moderately healthy class. In terms of health index, sub-watershed 1 has decreased from a
relatively unhealthy class to an unhealthy one. Sub-watershed 9 is in the healthy class and other sub-watersheds
are in the moderately healthy class. In the time periods of 2051-2075 and 2076-2100 under the SSP2-4.5
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scenario and all three future periods under the SSP5-8.5 scenario, a decrease in the health index has occurred in
most of the sub-watersheds, but this decrease was not enough to make the health class from the moderately
healthy class to change. Therefore, the health class of the entire study area in all three future periods under two
medium and very pessimistic scenarios is often moderately healthy. Finally, the results show that the greatest
decrease in the health index in the studied area occurred from 2051 to 2075 under the SSP5-8.5 scenario. On the
other hand, the largest decrease in health index among the studied sub-watersheds belongs to sub-watershed 1.

Conclusion: In the studies of the health index related to climate change, two criteria of average annual
precipitation and potential evapotranspiration from the pressure index and only the NDVI criterion from the
state index were used, and other criteria affecting the pressure, state, and response indices were considered
constant. Therefore, it can be said that any change in the health index, in the future periods under both medium
and very pessimistic scenarios, will be caused by changes in the three parameters of temperature, precipitation,
and vegetation in the 14 studied sub-watersheds. The results of examining the percentage of changes in the
health of the studied watershed in the future periods compared to the historical under both scenarios state that a
decrease in health has occurred in most of the studied sub-watersheds. In other words, in the whole area of
Radkan watershed in the time periods of 2026-2050, 2051-2075, and 2076-2100 under the middle scenario,
62.04%, 49.79%, and 74.81% of health will decrease compared to the historical period. Also, the health index at
the entire level of the studied area in the time periods of 2026-2050, 2051-2075, and 2076-2100 in the SSP5-8.5
scenario decreased by 44.90%, 90.97%, and 62.04%, respectively, compared to the historical period. Finally, the
results show the reduction of health index values in the future compared to the historical period. This result was
not far from expected due to the increase in greenhouse gas emissions and the subsequent increase in
temperature and the unprojectability of precipitation patterns in the future.
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Figure 1- Location of the Radkan watershed in Khorasan Razavi province and Iran (a) Radkan sub-watersheds (b)
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Figure 2- Distribution map of weather stations around Radkan watershed
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Figure 3- Land use (a) Geological (b) and Erosion map (c) of the Radkan Watershed
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Table 6- The standardized values of the studied criteria in the historical period
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Table 7- Standardized values of criteria under the effect of climate change in future time periods
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Figure 4- NDVI changes in the historical period and future time periods under two medium and very pessimistic
scenarios
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Figure 5- Changes in pressure, state and response indicators in the historical period and future time periods under
two scenarios
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Table 9- Health index values in the historical period and future time periods under two scenarios

SSP5-8.5 SSP2-4.5 JERTI
2076-2100 2051-2075 2026-2050 2076-2100 2051-2075  2026-2050  1990-2014  4dgn
0.53 0.49 057 0.48 0.53 0.52 0.78 1
0.92 0.87 0.96 0.87 0.93 0.92 0.81 2
0.84 0.77 0.89 0.80 0.86 0.85 0.80 3
0.86 0.80 0.90 0.81 0.86 0.85 0.84 4
0.89 0.82 0.93 0.84 0.90 0.89 0.96 5
1.02 0.94 1.07 0.97 1.05 1.03 1.09 6
1.13 1.03 117 1.08 1.16 1.14 1.08 7
0.83 0.76 0.88 0.78 0.85 0.84 0.88 8
1.47 1.38 1.52 143 1.51 1.49 1.36 9
0.78 0.67 0.83 0.74 0.83 0.81 0.73 10
0.98 0.88 1.03 0.94 1.02 1.00 0.98 11
1.02 0.92 1.07 0.98 1.07 1.05 1.06 12
0.91 0.81 0.95 0.86 0.94 0.92 0.95 13
0.95 0.85 1.00 0.90 0.99 0.97 1.04 14
0.94 0.86 0.98 0.89 0.97 0.95 0.95 xSl
0.21 0.20 0.21 0.21 0.22 0.21 0.17 e Sl
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Figure 6- Changes in watershed health index in the historical period and future time periods under two scenarios
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Table 10- Percentage change of health index in the future time periods under two SSP2-4.5 and SSP5-8.5 senarios
compared to the historical period

SSP5-8.5 SSP2-4.5
2076-2100 2051-2075 2026-2050 2076-2100 2051-2075 2026-2050 EW- Y Sey
-31.68 -36.37 -26.46 -38.01 -32.27 -33.00 1
14.16 7.33 19.23 8.15 15.00 13.77 2
5.84 -3.23 11.25 -0.11 8.20 6.46 3
2.10 -4,55 6.99 -3.69 2.96 1.75 4
-8.06 -15.37 -3.62 -12.99 -6.24 -7.64 5
-6.41 -14.14 -2.22 -10.67 -3.83 -5.35 6
4.27 -4.29 8.68 0.05 7.49 5.7 7
-5.75 -14.34 -0.79 -11.09 -3.32 -4.98 8
7.99 1.32 11.46 4.65 10.46 9.13 9
7.68 -7.77 15.00 1.69 14.74 11.59 10
0.39 -9.73 5.44 -4.19 450 2.47 11
-3.74 -13.40 0.99 -7.91 0.34 -1.61 12
-4.91 -14.85 0.14 -9.66 -1.07 -3.06 13
-8.43 -18.41 -3.55 -12.71 -4.20 -6.22 14
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