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Today, the spread of various human and natural factors and the intensification
of their negative effects have caused the watersheds performance to face
significant challenges, preventing the proper fulfillment of stakeholders’ needs.
Therefore, this study aimed to evaluate the health of the Fakhran watershed in
South Khorasan and identify the factors affecting it. Accordingly, using the
conceptual approach of pressure-state-response (PSR), 38 initial variables were
identified. Then, using the Pearson’s correlation coefficient, variables with a
correlation coefficient greater than 0.8 were identified and removed due to
multicollinearity. At the final 11, 9, and 12 criteria, respectively, were
determined for pressure, state, and response indices to assess the health status in
different sub-watersheds. The results showed the pressure index ranged from
0.43 to 0.83, the state index from 0.33 to 0.65, and the response index from
0.33 to 0.57 across the sub-watersheds. The health index ranged between 0.36
and 0.61. In other words, the pressure, state, response, and health indices were
placed in the relatively healthy, moderate, moderate, and moderate categories
with average values of 0.67, 0.50, 0.47, and 0.54, respectively. In terms of
effectiveness, household migration (1.5%) and the ratio of residential areas to
watershed area (5%) had the greatest contribution to reducing health, while the
ratio of irrigated-garden lands to dry land (4.0%) and the number of water
sources (9.0%) had the least impact on health. As the results indicate that
principled decision-making regarding population control, residential area
distribution, and agriculture by local communities and provincial managers can
improve the health of the Fakhran watershed and enhance the health of its sub-
watersheds.
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EXTENDED ABSTRACT

Introduction: Watersheds, as natural spatial units and the foundation of planning, play a vital role in supplying
water resources, conserving biodiversity, and sustaining the functions of various ecosystems. Nevertheless,
these essential systems have been placed under growing pressure worldwide due to human, environmental, and
climatic factors. Economic development, the expansion of international interactions, cultural change,
technological progress, and the increasing demand for life-sustaining resources have all intensified pressure on
the environment. The effects of these pressures, manifested through land-use change, contamination of water
and soil resources, and unsustainable use of natural resources, have significantly undermined watershed health
and ecological integrity, making a comprehensive assessment of their health more necessary than ever. Today,
the spread of various human and natural factors, including land use change, deforestation, expansion of dryland
lands, conversion of riverside areas into residential areas, climate change, drought, lightning, floods, and soil
erosion, and the intensification of their negative effects, has caused the performance of watersheds to face
problems, and the needs of stakeholders are not properly met. In other words, the destruction of watersheds has
increased day by day, and their efficiency and protection from natural threats have been reduced. Therefore, in
this study, an attempt has been made to evaluate the health of the Fakhran watershed in South Khorasan using
various climatic, hydrological, and human criteria in different sub-watersheds and to identify the factors
affecting it.

Methodology: This study was based on the Pressure-State-Response (PSR) framework developed by the OECD
and widely used in environmental assessment and ecosystem management. In this model, pressure represents
human and natural driving forces affecting ecosystems, state refers to the physical, chemical, and biological
condition of the environment and human well-being, and response includes management actions, policy
interventions, and natural watershed reactions to pressures. The methodology was carried out in four main
stages. First, potential criteria for watershed health assessment were identified through literature review, expert
consultation, and field-based data collection, and then processed in GIS for each sub-watershed. Second,
Pearson correlation analysis was used to remove highly correlated variables and avoid multicollinearity. Third,
the selected criteria were standardized to a common 0-1 scale and classified as positive or negative indicators
depending on their effect on watershed health. Finally, the standardized criteria were integrated into the PSR
components using equal weighting to generate pressure, state, and response maps. The overall watershed health
index was then calculated by combining these three indices, and the final watershed health map was classified
into five qualitative levels from very healthy to very unhealthy.

Results and Discussion: For the pressure index, four variables—annual evapotranspiration, mean annual
temperature, irrigated orchard area, and rainfed land area—were removed due to high correlations (>0.8) and
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multicollinearity. The remaining analysis showed that 6 sub-watersheds (F22, F27, F30, F36, F37, and F10),
covering 14.6% of the watershed area, were classified as moderately healthy. Thirty-two sub-watersheds,
representing 78.8% of the area, were classified as relatively healthy, while only F19 (6.6% of the area) was
classified as healthy with a score of 0.83. For the state index, no significant correlations were found among the
selected variables, so all indicators were retained. The results showed that sub-watershed F37, covering 1.4% of the
watershed, was classified as relatively unhealthy. Most of the watershed, 35 sub-watersheds accounting for 94.3%
of the area, fell into the moderately healthy category, while three sub-watersheds (F24, F33, and F35), covering
4.3%, were classified as relatively healthy. For the response index, the selected variables were statistically reliable,
although specific sediment yield and rangeland area were removed due to high correlation (>0.8). The results
indicated that sub-watersheds F37 and F28, covering 1.9% of the watershed, were classified as relatively
unhealthy. The remaining 37 sub-watersheds, representing 98.1% of the area, were classified as moderately
healthy. The best condition was observed in F33, with a health score of 0.57, mainly due to low peak discharge,
low runoff volume, and the absence of human settlements. The final watershed health assessment showed that sub-
watershed F37 covered 1.4% of the watershed area and was classified as relatively unhealthy. In contrast, 35 sub-
watersheds accounting for 92.8% of the area were classified as moderately healthy, while three sub-watersheds
(F33, F17, and F21) covering 5.8% were rated as relatively healthy. The best overall condition was observed in
F33, with a health score of 0.61, mainly due to good drainage, distance from flood-prone areas, no human
settlements, and the presence of a productive ganat. The lowest health status was found in F37, with a score of
0.36, due to high population density, high household migration, and limited conservation measures.

Conclusion: As the results showed, the pressure index varied from 0.43 to 0.83, the state index from 0.33 to
0.65, and the response index from 0.33 to 0.57 in different sub-watersheds. The health index also ranged from
0.36 to 0.61. In other words, the pressure, state, response, and health indices were placed in the relatively
healthy, average, average, and average categories with average values of 0.67, 0.50, 0.47, and 0.54, respectively.
In terms of impact, household migration (1.5 %) and the ratio of residential areas to watershed area (5 %) had
the greatest contribution to reducing health, and the ratio of irrigated-garden lands to dry land (4 %) and the
number of water sources (9 %) had the least impact on healthThe present study has assessed the health of
different sub-watersheds of the Fakhran watershed using various climatic, human, and hydrological criteria. As
the results of the study showed, the average health of the Fakhran watershed is affected by various factors,
including drought, expansion of residential areas, and flooding of lands, indicating its fragile state against
human and environmental factors. Therefore, the basis of the condition of the Fakhran watershed with its arid
and semi-arid climate should be better known as a prerequisite for a sustainable future and human security, and
preventive measures against destruction, corrective operations, and the development of a general culture of
protecting the health of natural resources in the watershed should be considered for their proper use by the
watershed residents. Therefore, it is recommended that local and regional managers and planners should place
management and development plans with a complete view of the health status of the Fakhran watershed and the
extent and type of factors affecting it.
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Table 1- Initial list of variables used in health indicators

Factors Criteria Symbology Unit Criteria Symbology Unit
Average slope Savr % Sediment rate Sr t/halyr
Total length of river LWt Km Sediment delivery rate SDR -
Slope of lands
contributing to runoff SLCRP % Time of concentration Tc h
production
Annual runoff height Rannual mm Peak discharge Dpeak m3/ce/Km?
Hydrology Shape coefficient ShF - Number of water sources NWR n
Volume of water source g o
Area of lands . ALSE Km? discharge (springs, wells and VWR Million m/
susceptible to erosion yr
aqueducts)
Ratio of lands
i i illi 3
contributing to runoff RALPRWA _ vVolume of runoff VR Million m?/
production to watershed yr
area
Erosion rate Er t/halyr - - -

! Geographic Information System
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Number/h Ratio of irrigated to dryland

Population density Pd RILDL -
ec lands
Road length LR Km Ratio of drylg:l;iato watershed RDWA B
Human intervention rate HI Km? Amount of rangeland PL Km?
Residential area RA Km? Index of number of patches NP -
Dryland area DL Km? Index of fragmentation SPLIT -
Human
. . Number of
Irrlgateda?eg;culture IL Km? Household migration HM household
S
Shannionn dg;(verSIty SHDI - Level of biological operations ABO Km?
Dispersion index I - Volume of mechanical VMO M3
operations
Residential area to RRAWA B ) ) )
watershed area ratio
Average annual P mm Ratio of precipitation to RAPAE ~
rainfall annual evapotranspiration
. Average annual o Normalized index of B
Climate temperature Tamualaw C vegetation cover difference NDVI
Annual EVPanua mm Runoff curve number CN -
evapotranspiration
2 leme (Shod (b,

b lolne i (oled (o oy Siarod o6 ¢ 2106 5 g2 YU slony (Stad b sloline cislio b ) Ol jglaton,
ol Ll pe glace )l elel p .cdply plodl EXCl Jl3bley oo 3 YoV asws XLSTAT aig3dl 5l oalat!
Olgeds wwdy pls oA 5 lae] e Gowsm (Siwed cops &S olajlae (Biecek & Burzykowski, 2021) o jpiiedi>
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[ Conceptual model }

! 1

Response Status Pressure
| |
+ ) { ! 3
4 e

s N aVa s / N D

Sediment ) * Average
* Amount of delivery rate + Ratio of + Average - ;Zﬁ:‘;‘t“’“ slope
rangeland ) Er&z‘;\on rate precipitation * Shannon annual Road . T;)ta\ length
. - Sedimentrate H P . * of river
Hn?ussl.mld * Time of to annual d'_"E“'t_‘f'“ij“ + Ratio of rainfall length - Slopeof
migration concentration evapotranspir - Dispersionindex lands * Human lands
. stsln.fbmlogmal - Peak discharge ation * Residentialarea contributing interventi contributing
Opffﬂtlon: . Volume of * Normalized to watershed to runoff * Average on rate torunoff
Velume of water source index of area ratio production annual + Dryland production
mechanical . . * Ratio of dryland
" discharge vegetation to watershed temperature area + Annual
operations (springs, wells cover to watershed area P + Irrigated runoff height
* Indexof number and aqueducts) difference area + Annual agriculture + Shape
of patches - Number of * Ratio of irrigated . roa coefficient
* Indexof water sources. * Runoffcurve to dryland lands Svapotranspl + Residentia + Areaof lands
fragmentation = Volume of number ration larea susceptible
runoff toerosion

N AN RN \_ AN VAN /

+ Removed due to high correlation
* independent criteria

PSR (sog0do Jo 53 oSy 4 by o dsgecme 5 (S e g Jolge b jad L -V UKW
Figure 3- Indicators, factors, and sub-categories related to each in the PSR conceptual model
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Table 2- Result of the correlation test of criteria in the pressure index

d
LR

Pressure

DL
HI
P

Tannual,avr

EVPannual

0.17 | 0.18 0.18

0.28 | 0.28 0.04

0.35 | 0.29 0.03

Rannual
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Figure 4— Spatial variations of criteria used in the pressure index

o High: 083
B Low 043

CD bass 5
CQ ol el adpr

5 130000 20005

530,000

[ DOR: 20.1001.1.24235970.1405.14.1.4.1]

Glidee (5l y 5 00 Hlid ad W SIS0 Ol pudi —0 JSWS
Figure 5- Spatial changes in pressure index in different watersheds
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Table 3- Result of the correlation test of criteria in the state index

- w < g
= 3 8 ; é <;( SI % E State
z x n £ x x 3
o
0.06 -I 0.23 | 0.48 | 0.13 0.08 RALPRWA
0.39 | 0.04 | 0.07 | 0.25 [ 0.03 | 0.06 | 0.08 RDWA
0.03 | 0.03 | 0.04 | 0.11 | 0.04 0.08 | 0.08 RILDL
0.07 | 0.34 | 0.02 0.12 0.06 RRAWA
0.08 | 0.18 0.04 0.12 | 0.04 | 0.03 | 0.13 SHDI
0.29 0.07 0.04 0.11 | 0.25 | 0.48 RAPAE
0.04 0.07 0.02 | 0.04 | 0.07 | 0.23 CN
0.06 0.04 0.18 | 0.34 | 0.03 | 0.04 NDVI
0.06 0.29 | 0.08 | 0.07 | 0.03 | 0.39 | 0.06 M|
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Figure 6— Spatial variations of the criteria used in the state index
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Figure 7— Spatial changes in the state index in different sub-watersheds
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Table 4- Result of the correlation test of criteria in the response index
5 Z 2 P g 8 F g i & = g % ° Response
% T S < o) > w 7} 2 E E fid D
0.053 | 0.303 0493 | 0486 | 03 0.2 0.09 0.05 Tc
0.088 | 0148 | 0.21 0.109 0.08 0.18 NWR
0.071 018 | 0.05 VWR
0.056 | 0.402 0615 | 039 | 029 | 017 | 064 SDR
SR
0054 | 0.106 | 0.04 0.18 0.09 ER
0.081 | 0.434 0528 | 041 | 011 0.18 0.64 VR
0.368 | 0039 | 0194 | 0121 | 0179 0.11 0.17 008 | 02 Dpeak
0.157 0239 | 0177 041 | 0.04 0.29 03 ABO
0.182 | 0.092 | 0075 | 049 018 | 018 | 053 | 0.11 039 | 007 | 011 | 049 VMO
0.173 | 0.466 049 | 024 | 012 0.05 0.62 0.49 PL
0.261 | 0.067 0.075 0.19 0.21 HM
0.067 | 0466 | 0092 | 016 | 0.04 | 043 0.4 015 | 03 NP
0261 | 0173 | 0.182 037 | 0.08 0.06 009 | 005 SPLIT

Gl a3 W yd 0oLl 590 (s ylre (S Ol gt A JSWS
Figure 8- Spatial variations of criteria used in the response index
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Figure 9- Spatial variations of response index in different sub-watersheds
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Figure 10- Spatial changes in health indicators in different sub-watersheds
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