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Introduction

Currently, many disasters threaten the health of ecosystems. The pressures caused by extensive human
interventions and the unprincipled exploitation of natural resources have led to the degradation of natural
resources and the structure and functioning of ecosystems. Hence, evaluating the consequences of human
intervention in nature and meeting the growing need of humans to receive diverse services has made it necessary
to evaluate the performance of watershed ecosystems in providing different services. Healthy watersheds play an
important role in providing a wide variety of ecosystem services. Therefore, watershed health monitoring and
evaluation is vital for the conservation of ecosystems and achieving the optimal level of services. In such a way a
suitable collaborative and executive approach is established between research and watershed management. In
this connection, watershed health analysis can provide valuable help in achieving the goals of integrated
management of watersheds and, of course, the balance between the needs of human societies and ecosystems.
However, the assessment of the health and sustainability of the watershed affected by human activities has not
been sufficiently documented yet.

Materials and Methods

The current pilot research has evaluated the health of the Shiraz Darwazeh Quran Watershed in Fars
Province, Iran, and the effect of existing watershed management structures in the region on the health of the
watershed with a focus on floods. For this purpose, 36 key criteria from a set of climatic, anthropogenic, and
hydrologic factors were identified based on the conditions of the region and the analysis of the flood occurrence
process in the watershed. The selected criteria were then categorized into the three indices of pressure (P), state
(S), and response (R). After screening the selected criteria in exploring the conceptual approach of pressure,
state, and response (PSR), the health status was evaluated in two cases with and without watershed management
structures.

Results and Discussion

The results showed that the health condition without considering the watershed management structures was at
average conditions with health index of 0.55. In addition, the results of the watershed health assessment verified
the non-significant effects of stone and mortar structures on improving watershed health. So that, the health
conditions was remained at average status with health index of 0.53. Therefore, it can be acknowledged that the
existing watershed management structures, due to the limited both number and spatial coverage, have not been
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able to noticeably affect the improvement of the general conditions of the watershed, despite the effect on the
factors affecting the health of the sub-watersheds where the structures have been constructed. The spatial
changes of the calculated variables showed that the abandoned lands, time of concentration, area under military
activities, surface of sensitive formations to erosion, high density of the drainage network, density of the roads,
areas of regions with high potential in producing runoff and sediment, and size of the residential areas were the
most important factors affecting the health situation of the Darwazeh Quran Watershed.

Conclusion

According to the results of the analysis of the indicators and criteria considered in evaluation of the health of
the Shiraz Darwazeh Quran Watershed based on the PSR approach, it was found that the watershed had an
average health status. Therefore, it can be acknowledged that the existing watershed management structures have
not been able to impose a noticeable effect on the prosperity and improvement of watershed health conditions. In
general, it can be said that abandoned lands, short concentration time, military activities, the presence of
formations sensitive to erosion, high density of drainage network and road, and the potential of high runoff and
sediment production, and the size of residential areas are among the most important factors affecting the
declining the health of Darwazeh Quran Watershed. Therefore, it is necessary to pay further attention to the
aforesaid factors by conducting periodical monitoring with more comprehensive data, in time and also analyzing
the trend of relative changes of the indicators in order to explain the adaptive and intelligent management of the
watershed. The necessary measures should also be taken into account simultaneously. Therefore, it is suggested
to turn the weak points of the region into strong points by applying bioengineering measures and use the
opportunities in the region such as the potential of tourism and ecological features in order to improve the health
status of the watershed.

Keywords: Fars province, Health degree, Watershed adaptive management, Watershed health criteria,
Watershed sustainability
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Figure 2- Process framework and general steps of application of the conceptual approach of PSR in the watershed health
assessment
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Table 2- The variables used in evaluating the health of the Shiraz Darwazeh Quran Watershed using the conceptual

approach of PSR

uaél.w J.ol& )L;.Qc EH W .\Aig
Index Factor Criterion Symbol Unit
b P1 mm.ht
Rainfall intensity
PR aljg) (S8l Sl lawgie P2 mm
ool e Mean maxmum daily rainfall
Climatic and Ol yd 4 ol ol g P3 Kkm2
Geologic Area of formations sensitive to erosion
u‘i‘.“" uf)).ﬁ)?)‘f C“"“Jl‘ L d]”l“‘ Colue P4 km?
Avrea of areas with the predominance of rocky outcrops
Sl sbdlbs colue p5 Km?
Area of construction debris
= " P6 Person
Population
Area of residential areas
ol seld cod sble Cawg P8 Km?
! Area of the areas under military activities
Anthropogenic il S claosls Job P9 km
Length of dirt/asphalt roads
sl gedls 5l L3 glaml ol LS iloyd Job P10 km
(P) ,Lis Length of bank erosion due to anthropogenic interventions
Pressure anll b ol bl o P11 Dimensionless
Number of road intersections with waterways
(NDVI) 012 Jley (a5 by SHST a3l P12 Dimensionless
Normalized Difference Vegetation Index (NDVI)
* bl laojl e pox P13 m?
Volume of reservoirs of watershed structures
YL Y axp L;La,a.ml)ﬂ Job g0 P14 Kkm
Total length of waterway of rank 2 and above
Total length of 1st rank waterway
0l 05 bansgio s P16 %
Watershed Mean slope
sl g JSs asls . .
‘5)9}””\”“’_ el S5 o> P17 Dimensionless
Hydrologic Watershed shape index
F el ol P18 h
Time of concentration
oHelest L_’L") P19 h
Travel time
bl e o P20 me.s?

Instantaneous peak flow discharge
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Table 2- Continued, the variables used in evaluating the health of the Shiraz Darwazeh Quran Watershed using the
conceptual approach of PSR
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| Ratio of mean monthly evaporation to mean monthly precipitation Dimensionless
y evap y precip
Climatic (SPI) JlwSis Lasls s2 Axy o
Standardized Precipitation Index Dimensionless
}#]ﬁ}bm@bm%)ﬁwﬁb‘“uw s3 Ax ey
Ratio of the area of degraded lands to the sub-watershed area Dimensionless
Sl R ”jd‘“ﬂ’; " sS4 m.m2
(S) < Anthropogenic — oa .en5| Y -
State 5l g 4 (SoSme (3blie s S5 S O
Ratio of residential areas to the sub-watershed area Dimensionless
e e . S6 Person.m
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‘j“zﬁ" =l ) S7 m.m
&g Drainage density
Hydrologic 5505 o 4 Qg 3 eaiS eyl () s S8 RERPRY
Ratio of lands contributing in runoff to the sub-watershed aria Dimensionless
sl ol R1 os
Anthropogenic Migration Dimensionless
odilyy ol Cans R3 Km?
Area of abandoned lands
leroﬂ:gin?;;: R4 Billions of Iranian Rial
(R) &t st waseto (03 5 5VL Oy, (o RS mest
Response Runoff discharges higher than high flow discharges
63959)4:“_ R R6 me.st Km?
Hydrologic Specific flow discharge
°R9 29 R7 t.Km2year

Specific sediment yield
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Reducing the flood volume caused by the watershed structure
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1- Standardized Precipitation Index
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Table 3- The standardized values of the criteria used in the PSR approach in the studied sub-watersheds of Darwazeh Quran
Shiraz watershed

Sub-watershed) 5ol ,s;

- 2 3 4 5 6
(Criterion) ,bze
P1 0.50 0.50 1.00 0.50 1.00 0.00
P2 0.33 0.00 0.67 0.33 1.00 0.67
P3 0.86 0.96 0.83 0.00 1.00 0.90
P4 0.48 0.78 1.00 1.00 0.00 0.97
P7 1.00 1.00 1.00 1.00 0.72 0.00
P8 1.00 1.00 1.00 0.61 0.91 0.00
P9 1.00 1.00 0.93 0.50 0.94 0.00
P10 1.00 0.00 1.00 0.99 0.94 0.84
P11 1.00 0.96 0.81 0.65 1.00 0.00
P13 0.00 0.00 0.00 1.00 0.67 0.19
P14 0.71 0.53 1.00 0.12 0.92 0.00
P15 0.83 0.87 0.86 0.35 1.00 0.00
P16 0.08 0.00 1.00 0.90 0.50 0.63
P17 0.93 0.40 0.00 1.00 0.91 0.92
P18 0.47 0.65 0.47 1.00 0.00 0.64
P19 0.00 0.14 0.28 1.00 0.07 0.86
P20 0.50 0.50 0.00 0.50 1.00 0.90
S1 0.68 1.00 0.28 0.68 0.00 0.35
S2 0.00 0.00 0.25 0.50 0.75 1.00
S3 1.00 1.00 0.38 0.80 0.84 0.00
S4 1.00 0.81 0.11 0.94 0.97 0.00
S5 1.00 1.00 1.00 1.00 0.00 0.14
S7 0.65 0.12 0.00 0.66 1.00 0.62
S8 0.74 0.79 0.95 0.16 1.00 0.00
R3 1.00 1.00 0.00 1.00 1.00 0.58
R6 0.75 1.00 0.87 0.75 0.00 0.12
R7 0.00 1.00 0.07 0.43 1.00 0.27
R8 0.00 1.00 0.00 0.74 1.00 0.24

3o 18 03l9,5 8l 0o axlllnd jg0 (gl 45 PSR 3,509, 5 03liswls j90 (b lixe €8 jLite s y3 —F Jgor
Table 4- The percentage of participation of the criteria used in the PSR approach in the studied sub-watersheds of Darwazeh
Quran Shiraz watershed

Sub-watershed) 5ol ,s;

1 2 3 4 5 6
(Criterion) ,bzxe
P1 14.29 14.29 28.57 14.29 28.57 0.00
P2 11.11 0.00 22.22 11.11 33.33 22.22
P3 18.95 21.09 18.18 0.00 22.00 19.77
P4 11.33 18.46 23.61 23.61 0.00 22.99
P7 21.19 21.19 21.19 21.19 15.25 0.00
P8 22.12 22.12 22.12 13.50 20.13 0.00
P9 22.89 22.81 21.26 11.42 21.62 0.00
P10 21.00 0.00 20.91 20.82 19.73 17.55
P11 22.61 21.74 18.26 14.78 22.61 0.00
P13 0.00 0.00 0.00 53.49 36.07 10.43
P14 21.66 16.18 30.45 3.69 28.03 0.00
P15 21.14 22.22 22.06 9.04 25.54 0.00
P16 2.56 0.00 32.13 28.78 16.18 20.34
P17 22.39 9.55 0.00 24.03 21.94 22.09
P18 14.61 20.22 14.61 30.90 0.00 19.66
P19 0.00 5.88 11.76 42.65 2.94 36.76
P20 14.71 14.71 0.00 14.71 29.41 26.47
S1 22.76 33.33 9.48 22.76 0.00 11.67
S2 0.00 0.00 10.00 20.00 30.00 40.00
S3 24.81 24.81 9.54 19.85 20.99 0.00
S4 25.97 21.10 2.96 24.65 25.31 0.00
S5 24.14 24.14 24.14 24.14 0.00 3.45
S7 21.33 3.90 0.00 21.79 32.57 20.41
S8 20.38 21.66 26.11 4.46 27.39 0.00
R3 21.80 21.80 0.00 21.80 21.80 12.79
R6 21.43 28.57 25.00 21.43 0.00 3.57
R7 0.00 5.03 4.19 22.95 53.21 14.61

R8 0.00 0.00 0.00 37.40 50.43 12.15
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Figure 3- Zoning of P, S, R and PSR indices in the Darwazeh Quran Shiraz Watershed without considering watershed
management structures
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Table 5- Values of the indicators of the PSR approach in Darwazeh Quran Shiraz watershed

s (P) sLis (5) ot (R) gty PSR ERIERYN
Sub-watershed Pressure State Response Watershed health
ol 3329 (9 1 0.67 0.73 0.58 0.66
el 2 0.58 0.67 0.70 0.65
: 3 0.74 0.43 0.32 0.47
Without
watershed 4 065 068 073 069 055
5 0.74 0.65 0.66 0.69
management
stru?:ture 6 0.46 0.30 0.33 0.36
) 1 0.63 0.73 0.44 0.59
13550 ojle 3g3L 2 0.55 0.67 0.52 0.58
With watershed 3 0.70 0.43 0.24 0.42 053
management 4 067 068 073 070 ’
structure 5 0.74 0.65 0.75 0.72
6 0.44 0.30 0.31 0.35
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