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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.

Citation: Nezhadrahim, A., Golkaian, A., & Zarrin, A (2024). Investigating the effect of climate change in
watershed health trend via the Pressure-State-Response framework Case study: Radkan watershed of Razavi
Khorasan province. Iranian Journal of Rainwater Catchment Systems, 12(1), 20-46.

DOR: 20.1001.1.24235970.1403.12.1.2.5

Publisher: Iranian Rainwater Catchment Systems Association

© Author(s)

*Corresponding author: Ali Golkarian
Address: Department of Range and Watershed Management, Ferdowsi University of Mashhad.

Tel: +989131576912
Email: golkarian@um.ac.ir



https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.2.5
http://jircsa.ir/article-1-522-en.html

[ Downloaded from jircsa.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24235970.1403.12.1.2.5]

2024, Volume 12, Issue 1

ISSN (Online): 2783-1531 - ISSN (Print): 2423-5970

Investigating the effect of climate change in watershed health trend via the Pressure-State-
Response framework Case study: Radkan watershed of Razavi Khorasan province

Atena Nezhadrahim '@, Ali Golkaian” 2®, Azar Zarrin®®

1. M.Sc. Student, Range and Watershed Management Department, Faculty of Natural Resources and Environment,
Ferdowsi University of Mashhad, Mashhad, Iran, Email: nezhadrahim10@gmail.com

2. Associate Professor, Range and Watershed Management Department, Faculty of Natural Resources and
Environment, Ferdowsi University of Mashhad, Mashhad, Iran, Email: Golkarian@um.ac.ir

3. Associate Professor, Department of Geography, Faculty of Literature and Humanities, Ferdowsi University of
Mashhad, Mashhad, Iran, Email: zarrin@um.ac.ir

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

byl 4 S g S sty 515 Cumlus

S i (3 5o 42 9 Vo 5lital S i cpyipgliio 4 il p o Cod S G Camlu (saail Joso 3ilas

Ll o B ‘_)-’)-’fglnn d])b 4 50 dh«é?ﬂj 9 O S dl)l.! V Ao c(?) J9_x? CJL':_, u»[wl » w)f d’l"" \ )Lml
9 ol & by sla ) )0 aoguy Mg g (ilep ) Lmoi O 4 g b ks K g wlidme; sl Sig i

A 0y95 1 (o0b Cuedl I S clbles

iS5 w51

Sl Vb i8S 1515 .Cal VF ) (laasgs 5 4 slate Cod iy (iSaj o815 Jlade 0508 5 Cp Pk dF) Jgto b b
lgo (SogSs sanlpl cunl adllan 3)90 (sladdgs 5 ) (S1) (ool slaaalpT b g (i) (So985 ladalpl s
aog 5 3bj Lol @ oy oo b p ladalpl Lite Il 5l g 398 Juw GBS S (I3l g Sllgy @ 4SS o
b i 4 Slyies Casl 03l Lolais] 38 4 1y Jltia o5V 45\ Ay} (S A Caanidg Jabos 5 235 0,01
29 il slaaalplobnl el 08 (60358 b ciumd (xaw 5 dlge 3929 105 0,8 o)Ll 55 adgn 5 cpl )3 39290 (ol
Olysa ) (2885 1515 355 addllae 5 55 (Vo)) e o (Solo o (V1) phlSen 5 AlIIOU 95 00 Y (iS0) o515 Cule
lo3 )8 (Byme 350l 0 Codhs Cumdy sl ) Fse (5 yesse Jlaxo Sy

2595 JSu

ol cwl ¥ gV Gladsg ;4 Bliie cpa polie cpite g crieS (F) Jgk ) xe ol Sl el e @l 3o
Olyedr ¥ adg> 5 5 (0 5odniS N adgepj pol adlllas )3 g alss SosnlS j5ul ojex il SS JSb e ke a2 ya o5


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.2.5
http://jircsa.ir/article-1-522-en.html

[ Downloaded from jircsa.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24235970.1403.12.1.2.5]

YV e 350l 095 Codlw gy 3 @aldl i ST (o 2

2l sl o5 (295 4 ol JU Co g g 5505 (loj g sorditins 56 G pd ol sl ol 4B S a5 ) ASe ) 005
Srote Olejode b 5 gl Ol Gl 02uiS slaojs 5 SeS Glojte b 5YL gl laplye (s 35 sbrojox cnlpl
e g kb M Jlad (5yme )3 Tkl 0dd ABUS A9 ) (053)5 Olgisd ¥ adp ) LS g e A
b )8

oy 9 () Copund

Ol polie Al sl N adg 5 Blaite Jlade (nieS o ¥ adg ) 4 Bl Jhee cul jle (p S0k (F) Jote @l Bilas
5 ool g sl 4555 08L st Byl 5 58 sled o Jlides g S i) L sblie dgg Jlaz] onima it Sl e jlae
O daly adllas jolateds 55 (VWAR) olen 5 (6340 5 (Blas 09wy )b g Sdygeg) o SRy o daly (oyp caa (VF00)
Aoz 0yt fgo Sibygegss Sl Sy 5l (o Olgis ik 5 (e Cund sline | ioguy Wi g S )9035 sl S

!yl Job (s5be

S b byl s WL jles cpl sl A 5 ) gladdgs 5 4 (slaie coiias sline (ol e 0308 5 0k F) Jos> @l b
55 (1¥20) b (Lol 5 (538 adlae 1> 3p50 ol iloe (sl asy Gal3l b anlyl Job (iSibe sl 5l 0 (iS5
ol 03 il

Ogons E955

€55 Jlme ol (5 Jgi2) el adllas 3)90 550l A 4> 05 4 gy o] (S 5 V0 Adge ) 4 Blato el ke (5 ke
FeS 2055 5 £55 5 BIeSs sam L bl S0P ho 4 ol e depe g Cul e gaw > GeSeal i Sl
sl 038l BT ()] ) (5505 w55 5 039 ALy Bade> o plo Comd 4 A Adg> 5 €8T w00 Cuwlnas

SB sl s

boaoxss cpl (085 3l 9 0 slaadgspj 4 plaluyd Glie (neS 9 ) 4l @ laled Olie npcie F) Jpe b
S iz (5 wlas s Y adgs i 0yl Jleded ivlwyd 4 SB 5 S glassly S cuwlus e | Jols aoes
olSen o Sadeghi o (Y-YV) o, Sen o MoOsaffaie .o)l> age (idl adg> s opl Jokm Gluke,d dbol p» Jele ol & cul
Slodges (Byme ol oM 9o Mo oy 5 Lol j (K lgicas |y SB ol 3 3¢5 adllas j3 55 (Y+)4)

oSJ o515

o223t dSJ @815 slne (VL plie (7 Joio) Canl A 9 A slaadgepj 4 Blate i Jlne cpl e (S g Cn LR
olyar & |y gy 9 b3 5 Gl sl (pl & sl adlllae )90 sladdg> j )3 d929e (Sl Ftn (SABATAT e
o815 28,5 s ] oS ool 4 Gl en (558 mi L g (Vo) 0) o, en 5 OUYANG (o6 gl il nls
D S ol 3 b ey BB (Siarend (gojpw Sl pre Slraomin I Sl 4

oS 0511 opSile

P8 e ool e a2 o cwl A g A slaades 4 Bleie cuia e ol palhe (S 9 ok F) Joe @S b
cals aalgd Jls & gpte (lale)d g <05 & Cunl (ynjpwslon gaw 5> aS) St £95 9y (GBI )Slo il
SE ol g 4T ojluil (1Slen doxivn ()l sine Al D929 (i o axis 4 395 adlllae )3 55 (WWAR) G389 (59 laow]
W335 0, L]

Sl o dos

Ol GV polie ol Vg & glaasgs j @ Blaite i jlse cnl jle cn S 5 (iUie o Wde L (F) oo s
il Hlee cpl Jhde )3 18w Sl yey Jolsd 13 S)n el & Sloj il pre K3 laaS) dg2g sl Hlre
03ld 518wy 350 |y domiw oyl 555 dalllas 43 55 (VF0Y) o)) Ken 5 59500 03 yemd b o

Coluo 43 buso Comnd (1Rile

Cygocpl 50 b o il o Colue 4 e Cund (1le bl i dikie ) dgnge Al bl ladsd Dlis 4y ya
b BlE by )56 s Blgis yol ol 45 el Lialsd b (sloaS) (it S e e clopludl slaas]


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.2.5
http://jircsa.ir/article-1-522-en.html

[ Downloaded from jircsa.ir on 2025-12-06 ]

[ DOR: 20.1001.1.24235970.1403.12.1.2.5]

YA e 350l 095 Codlw gy 3 @aldl i ST (o 2

ol o) sl 9V ad @ Blaie coS 5 slne (pl Hlae (5 g (n ke Sl ddlllas )3 390 ddlais )3 39200
ol 035 35 55 (WAA) S g (datne dalllas )3 3,50

ybxo (339 (s

Siucaglyl 3 dols @l Bl b Jobs (A) Joi 208 & @i AHP (e alule o (Sg) 4 lajles (3 G )
o)Ken ¢ Mosaffaie .loas 4l o8], ool ced p Pge Jolse Cpyinte 9> SB Liloyd g alS idg dajlas

..\Jlob)f odlazwl ).ouT 0jg> oM 2 yige s lxo 039 O S o) o.).\ 5! e (Y~Y\)

axdllae 3,90 gla)lixo (359 A Jgsar
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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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