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Table 1- Details of watershed management actions in the Khanik Watershed.

year of Spent Credit  Number of recharge Reservoir Excavation Activity
construction (Rials) per year Volume(m?) volume
2017 1656950000 2-3 31000 155500 Earth Dam (3)
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Figure 1- Geographical location of the Khanik Watershed in the Khorasan Razavi Province.




VFoF 5l IFPA by 8 )l oOF 5leds WA 590

S (S wss Gl gl -Y S
Figure 2- Pictures of the Khanik's earth dam.
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Table 2- Evaluation criteria of groups A and B (Madani et al. 2016).

Explanations Scale of criteria
measurement

The study area is of national and international importance 4 Al: The importance

The study area is of regional and national importance 3 of

The study area is important for the marginal areas 2 status

The study area is only relevant to local conditions 1

The study area is irrelevant 0

Very positive benefits and impacts +3 A2: The magnitude

Significant positive benefits and impacts +2 of

Positive benefits and impacts +1 the effects

No changes 0

Damage and negative impact -1

Significant damage and negative impact -2

Very negative damage and impact -3

No change / no effect and impossible 1 B1: Durability of

Temporary and short time 2 effects

Permanent and for 10-15 years 3

No change / no impact and impossible 1 B2: Reversibility

Reversible dust a few weeks and months 2

Irreversible and permanent for many years 3

No change / no impact and impossible 1 B3: Cumulative and

Non-cumulative and single 2 intensifying effects

Accumulative and synergistic 3

Table 3- Transformation of environmental scores to the range of change (Madani et al. 2016).

The range of changes is descriptive

Qualitative change

Qualitative change Environmental

range (RV) range (RB) benefits range (ES)

Very positive effects 5 +E 72 -108
Significant positive effects 4 +D 36-71
Moderate positive effects 3 +C 18- 35
Positive effects 2 +B 10-18
Slightly positive effects 1 +A 1-9
No change 0 N -1to+1
Slightly negative effects -1 -A -1t0-9
Negative effects -2 -B -10to -18
Moderate negative effects -3 -C -19 to -35
Significant negative effects -4 -D -36to -71
Very negative effects -5 -E -72 t0 -108
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Table 4- Guidelines for the classification of impact assessment of management actions in the
modified RIAM method.

The range of changes is

Qualitative change

Qualitative change  Environmental benefits

descriptive range (RV) range (RB) range (ES)
Very positive effects 5 +E -3.195 - 4.86
Significant positive effects 4 +D -1.575-3.195
Moderate positive effects 3 +C -0.81-1.575
Positive effects 2 +B -0.405 - 0.81
Slightly positive effects 1 +A 0.045 — 0.405
No change 0 N -0.045 to 0.045
Slightly negative effects -1 -A -0.045 to -0.405
Negative effects -2 -B -0.405 to -0.81
Moderate negative effects -3 -C -0.81to 1.575
Significant negative effects -4 -D -1.5751t0 3.195
Very negative effects -5 -E -3.195 to -4.86
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Table 5- Weight and ranking of criteria in the Khanik Village.
Criteria Final weight Ranking

Economic 0.258 2
Social 0.190 3
Physical 0.445 1
Ecological 0.108 4

Sl Gliwg 5o bylre 5 gy 9 (339 -7 Jeua
Table 5- Weight and ranking of sub-criteria in the Khanik Village.

Criteria Sub-criteria Ranking Final weight
Tourism potential 3 0.074
Increasing the area of garden and agricultural lands 4 0.065
Economic Increase in the price of garden and agricultural land 7 0.058
Increasing garden and agricultural production 5 0.065
Creating employment 12 0.032
Increasing the number and production of livestock 13 0.032
Participation in the maintenance and implementation of the project 7 0.054
Social The return of immigrants from the city to the village 15 0.027
Reducing the migration of villagers to other areas 17 0.023
Social differences and conflicts 11 0.033
Irrigation of agricultural wells 6 0.064
Increasing the water flow of the aqueduct 1 0.128
Increasing the flow of springs 8 0.054
Physical Mud control 10 0.035
flood control 2 0.09
Correcting the slope of the waterway 16 0.027
Sedimentation 9 0.042
Effect on fodder production 19 0.018
Impact on green space 18 0.021
Ecological Impact on landscapes and landscapes 14 0.031
Create a suitable cultivation bed 20 0.016

Influence on the way of irrigation 21 0.01
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Table 7- The results of rapid evaluation of the effects of watershed measures in the Khanik Village
using the RIAM method.

Criteria Sub-criteria Environmental Final and Modified evaluation score ~ Modified Evaluation
benefits range (ES) normalized for each subcriterion Score for each
weights of (ES*) criterion (ES*)
score Qualitative ~ sub-criteria  Corrected  Qualitative ~ Score  Qualitative
change score change change
range (RB) range (RB) range (RB)
Economic Tourism potential 14 +B 0.074 1.036 +C 0.42 +B
Increasing the area of garden and 12 +B 0.065 0.78 +B
agricultural lands
Increase in the price of garden and 0 N 0.058 0 N
agricultural land
Increasing garden and agricultural 6 +A 0.065 0.39 +A
production
Creating employment 7 +A 0.032 0.224 +A
Increasing the number and production of 4 +A 0.032 0.128 +A
livestock
Social Participation in the maintenance and 12 +B 0.054 0.648 +B 0.3 +A
implementation of the project
The return of immigrants from the city 7 +A 0.027 0.189 +A
to the village
Reducing the migration of villagers to 7 +A 0.023 0.161 +A
other areas
Social differences and conflicts 7 +A 0.033 0.231 +A
Physical Irrigation of agricultural wells 6 +A 0.064 0.384 +A 0.9 +C
Increasing the water flow of the 16 +B 0.128 048/2 +D
aqueduct
Increasing the flow of springs 16 +B 0.054 0.864 +C
Mud control 4 +A 0.035 0.14 +A
flood control 28 +C 0.09 2.52 +D
Correcting the slope of the waterway 4 +A 0.027 0.108 +A
Sedimentation 7 +A 0.042 0.294 +A
Ecological Effect on fodder production 7 +A 0.018 0.126 +A 0.14 +A
Impact on green space 8 +A 0.021 0.168 +A
Impact on landscapes and landscapes 14 +B 0.031 0.434 +B
Create a suitable cultivation bed 0 N 0.016 0 N
Influence on the way of irrigation 0 N 0.01 0 N
Overall evaluation of the project 8.45 +A - 0.49 +B -
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Extended Abstract

Introduction and Goal

Today, due to the importance of watershed management projects and their numerous
consequences, the results of implementing these projects in various regions cannot be ignored in
terms of their impact on residents' livelihoods and needs. Evaluating the outcomes and effects of
watershed management measures is essential to achieving beneficial results and increasing
efficiency. Therefore, this study was conducted with the aim of identifying and assessing the
effectiveness of watershed management measures implemented by the General Department of
Natural Resources of Razavi Khorasan Province, from the perspective of experts in the Khanik-
Gonabad watershed in Razavi Khorasan Province.

Materials and Methods

In this research, the Rapid Impact Assessment Matrix (RIAM) method and the Analytical
Hierarchy Process (AHP) method were used to evaluate the effects of watershed management
measures. Therefore, in the field phase, comprehensive data were collected from the Department
of Natural Resources and Watershed Management of Razavi Khorasan Province (including: type,
number, year of construction, and dimensions of the implemented watershed management
structures in the Khanik Gonabad watershed). Then, the effects of watershed management
measures were evaluated using the Rapid Impact Assessment Matrix (RIAM) method. In this
research, key influencing factors were classified into four categories: economic, social, physical,
and ecological. Each factor was scored based on the importance of conditions and temporal
context. The scoring method was designed such that the overall magnitude of each criterion was
determined by multiplying its relevant sub-criteria. For the temporal value criterion, its sub-
criteria were summed. After obtaining these criteria, the environmental impact score of the project
was calculated by multiplying these two criteria together.
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Results and Discussion

The results of the study of watershed management measures in the Khanik watershed using the
(RIAM) method showed that from the perspective of two social and ecological indicators, the
effects and changes of the implemented measures were insignificantly positive (+A). From the
perspective of the economic and physical indicators, the effects and changes of watershed
management operations were small positive (+B) and medium positive (+C), respectively. In
general, the study of the effects of the construction of three earthen dams in the Khanik watershed
showed that the effects of watershed management measures were positive but small (+B).
Conclusion and Suggestions

The results of determining the weight of the criteria and sub-criteria using the hierarchical analysis
of Khanik village showed that the highest weight among the criteria was related to the physical
criterion (increasing the water yield of the aqueduct, increasing the water yield of springs,
watering agricultural wells, controlling floods and sedimentation) of 0.445. This finding indicated
that the implementation of watershed management measures has achieved the main objectives of
the plan, namely controlling floods and feeding the aqueducts. Also, the results of the evaluation
of watershed management measures using the (RIAM) method showed that the effects of these
measures were positive but low. Therefore, it is suggested that these measures be implemented in
combination with other biological and structural watershed management operations to increase
their effectiveness.
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Figure 1- The conceptual model of the research methods.
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Figure 2- Photogrammetry of the physical model of protective structure of Genaveh port before
and after tests.
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Figure 3- Procedures of the physical model setup of the protective structure of Genaveh Port.
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Table 1- Characteristics of waves using modeling of the Genaveh Port.

. Direction of the Effective wave Design wave height .

Selected profile breakwater height (hs) g (m) g Wave period (S)
157 2.67 2.67 6.8
180 2.53 2.53 6.9
P6 Section 270 242 242 5.9
292 2.34 2.34 6.4
315 2.71 2.71 6.4
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Table 2- The weight ranges of rocks in 1:20 scale used in the modeling of the armor layer of the
Genaveh Port.

Rock component Weight range of Dimension range of
ratio armor layer (gr) armor layer (cm)
25% 326 - 380 5.33-5.61
25% 380 - 435 5.61-5.87
25 % 435 - 489 5.87-6.1
25 % 489 - 543 6.1-6.32
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Table 3- The weight ranges of rocks in a 1:20 used in the modeling of the filter layer of the Genaveh

Port.
Rock component ratio Weight range of Dimension range of
filter layer (gr) filter layer (cm)
50 % 32.6-70.5 2.48-3.2
50 % 70.5 - 108.7 3.2-37
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Figure 4- Represents a) the profile shape before test, b) the profile after test, ¢) the intersection of
profiles after the 9 test.
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Table 4- Resultant data on the interaction of waves in front of the paddle and reaching waves to the

model.
Wave Bed elevation Elevation
Test No. Return Period (yr) . Period (s)  related to Chart  of design Depth (m)
height (m) Datum (m) (m)
T1A 50 in high tide 2.7 7 5 2.7 1.7
T1B 50 in high tide 2.7 7 5 2.7 1.7
T1C 50 in high tide 2.7 7 5 2.7 7.7
T2A 50 in low tide 2.2 7 5 Low tide 5
T2B 50 in low tide 2.2 7 5 Low tide 5
T2C 50 in low tide 2.2 7 5 Low tide 5
T3A One year 15 5.2 5 2.7 1.7
T3B One year 15 5.2 5 2.7 1.7
T3C One year 15 5.2 5 2.7 1.7
T4*1.20A 1.2 *50 in high tide 3.24 7 5 2.7 1.7
T4*1.20B 1.2 *50 in high tide 3.24 7 5 2.7 7.7
T4*1.20C 1.2 *50 in high tide 3.24 7 5 2.7 7.7
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Figure 7- The comparison of the designed wave run-up and Ru2% of the T1A test.

—= RUN TP LEVEL - ABSRul%)

Run up level
-

! 0 10‘00 Zﬂlﬂﬂ 31;00 41;00 50;]0 60;]0 Tﬂlﬂﬂ 81;00
Time (s) i
T2B 155 Gilojl 3o RU2%0 g (o215b 50 ool st (595Y Ao A S5
Figire 8- The comparison of the designed wave run-up and Ru2% of the T2B test.
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Figure 9- The comparison of the designed wave run-up and Ru2% of the T3C test.
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Figure 10- The comparison of the designed wave run-up and Ru2% of the T4B test.
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Figure 11- The comparison of the designed wave run-up and Ru2% of the T4C test.
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Figure 10- The results of the overtopping waves from the breakwater.
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Extended Abstract

Introduction and Goal

Coastal areas in the foothills of coastal watersheds are important due to the presence of a
considerable portion of the watershed's inhabitants, serving as a hub for of services and
production between the inland parts of the country and abroad, as well as for sea-oriented
activities. On the other hand, the coastal zone is affected by erosion and deformation due to the
inherent lithology of rock units and coastal landforms, as well as the hydrodynamic conditions
of waves. Therefore, sea-oriented activities are carried out under the shelter of protective
structures, especially breakwaters. The aim of this research was to investigate the stability of
rock mass coastal protection structures under the impact of waves from the northern Persian
Gulf.

Materials amd Methods

In classifying protective structures, two aspects are considered: structural characteristics and
their constituent materials, and the arrangement and location of breakwaters. To achieve the
goal of this research, the stability of a profile of the protective structure of the Genaveh Port
with the highest impact surface of the breaking waves near the head of the breakwater with a
specific wave pattern was tested using a modeling method in the wave simulation laboratory of
the National Institute of Soil Conservation and Watershed Management. The port of Genaveh in
the northern Persian Gulf is of great commercial and fishing importance.
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Given the challenges such as severe wave interference, coastal erosion, and poor performance of
breakwaters against the prevailing waves in the region, it is necessary to more closely examine
the stability of protective structures in this area. The breakwaters of this port play a vital role in
the stability and safety of the port basin; therefore, analyzing their behavior under different
hydrodynamic conditions using modeling in the wave-making flume can provide valuable
consequences in optimizing the design and performance of these structures. In this study, the
dimensions of the armor layer of the protective structure (breakwater) of the port of Genaveh
were determined. The weight of the rock blocks was one of the influential metrics in selecting
the most appropriate option for the armor. The important metrics in the design of the protective
structure and rubble mound breakwater were divided into three categories: environmental
metrics (related to waves), hydraulic metrics, and structural metrics. The damage to the armor
layer (ha) was estimated by counting the number of displaced armor blocks or by measuring the
eroded area of the armor layer in the transverse profile. The method of calculation the index was
based on condition without displacement of armor blocks that were shaken individually or those
that were displaced, individually, from their original location by a small and specific amount.
The run-up (Ru) and rundown (Rd) levels of water on the slope of the structure are created in
each wave impact. These levels are defined relative to the static level and are among the
important design metrics. Modeling was implemented using a two-dimensional wave generator
flume with a length of 33 m and a width of 5.5 m, with a water intake capacity of up to 1.5 m
depth. The structural dimensions were scaled down to a scale of 1:20. The hydrodynamic
conditions for the stability assessment of the selected profile included the JONSWAP irregular
wave spectrum with a return period of 50 years, an effective wave height (Hs) of 2.7 m, and an
amplitude of 6 seconds. This specification with a factor of 1.2 was also used to account for very
critical conditions. These waves were radiated for 100 to 110 minutes, equivalent to 1500
breakwater, and in four conditions: high tide (sea tide with wind and wave surge), low tide, one-
year return period, and 1.2 times of high tide on the selected profile (P6). The changes resulting
from the impact of breakwater were investigated by taking before and after profile photographs
using the image measurement method.

Results and Discussion

The results of the physical model to study the stability of the coastal protection structure
designed for the northern wave conditions of the Persian Gulf showed that the height and slope
design for the construction of Genaveh Port were acceptable. In other words, the design
presented for the construction of the protection structure in the Genaveh region was reliable
from both functional and structural perspectives. On the other hand, in this design, the armor
layer of the protection structure was changed in the slope profile and partial settlement in the
filter layer under very critical conditions. <:During tests related to high tide conditions, an mean
of 88% of the observed run-up was at or below the design head of the structure. Displacement of
armor layer pieces was also observed only at conditions equivalent to 1.2 times high water and
to a very limited extent. Also, after 1300 waves of radiation, the filter layer gradually settled.
These conditions were consistent with a 100-year wave return period. Therefore, it was
necessary to redesign the structure with a higher height and heavier stone dimensions.
Conclusion and Suggestion

In this research, using the physical model of the Genaveh Port protective structure, the
interaction of different wave conditions on the structure, especially the rock mass armor layer,
was successfully measured, and stable conditions were predicted for implementation and cost
reduction for the implementing agency (Ports and Maritime Organization, PMO). Therefore, in
conditions where the breakwater are very critical and coincide with the highest astronomical
tide level, the protective structure of Genaveh Port breaks. Therefore, it is recommended that the
implementing agency prevent users from traveling along the breakwater and consider other
protective measures. In addition, it is suggested that the method used in this study be used to
optimize and develop protective structures in other similar coastal areas in the northern Persian
Gulf.

Keywords: Coastal protection structure, rubble mound breakwater, stability of the structure, the
northern Persian Gulf



Watershed Management Research Vol. 38, No.3, Ser. No: 148, Autumn 2025

Article Type: Research Article

Acknowledgement

We express our sincere gratitude to Dr. Garshasbi, Dr. Davoodi, Mr. Pashootani, and Dr.
Rahmani, members of the Technical Division of the Soil Conservation and Watershed
Management Research Institute, for their technical and logistical support, which significantly
contributed to the success of our research project.

Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication
of this article.

Data Availability Statement

The datasets are available upon a reasonable request to the corresponding author.

Authors’ Contribution

First Author: Conceptualization, research leadership, preparation of the physical model flume,
writing of the article

Second Author: Collaboration in research leadership, financial support of the research

Third Author: Consulting in conducting the research, checking the accuracy of the experiments
Fourth Author: Coordinating the research procedures, checking the resultant data
Implementation of the physical model, conducting the tests and analyzing the results and

Fifth Author: collaboration in writing the article



\!.‘,;‘é-'e'm*k..,
> modbaos

Tz y ) )
,1‘““—;:‘ ‘%T f » )» S >
W Gy I 6‘:3:;/

R A YT
G GA ST i

e

Yeee

YAA-Y-YA L

% o
&, dy‘;gﬁ;ﬁfﬁm’;&% 5

of 2 50 G ole 5 Conclii b shas 4 daias Gblio (o3 Ll
&3y g0 55 clvs yo Cforest ¢ GLM gla Jow 31 ool b

4595y 315 w0 O IS Lo ke [0y S lows! ooy O oM ez MD 098 Slovno 4,
5 $5,skaS 8aSails s garbmlie (cwiige 09,5 (S 5 O cbiliz) oul (pwsige 5 psle (5257 &350l 2ils -
Olnl b ot (B 50,0 oBtsls ok lie
Olnl el ot (B 050 olails o lin 5 (55)9LaS 0aSLails  oambplin (cwiige 09,5 SLiwl Y
Ol by (O 50,0 oK1 canmbmlio 5 (55)9liS 0aSiils ( gambailin (cwsiges 0,5 jletils =Y
Olrliale o (B e (il g)la 53l g (rmblin JS ool (ulid)ls ¥
Ol eomlee i (O 300 sl (sladlate O (algs £5 55 Wl IS -0

b guo 5045

Bud g doddio

Gl Rl 4z g Lol sl o Sl el )3 S Jane o 4 Suniig B ALBIS ans wix Job o
O (Sl Gy b dxtns Gblio ololid g (o) Ceniigp Se Gilude g (Sier 9dS 0 e
S ol s () Sty b S lng 56T 5 loasags 4 az g b cl (659,0 o (aoreiun; aie S
Cenig B gy ilise sloday 1585l Arug )0 s g9:950 Ol GBS 6 nTslr 5 onay nl Cupos
slagiegsy mbs aSul 5l plaebl 5 ulid by, Sote ool GBS Glulid (hon (95] Cavdar sy
oo >3 S92y Judoar (631us0,5 Cudd dbiwly (nl jo el (55550 IS (0 SIS S92 ge (HIS ol 4
Gt B aSil 4y 4z g5 b 5 010 (gobj Sl (] 50 (55,5laS oSl rizren o (e E55 50,5 y50 Six
ialS 5 oagy ol b ablie (gl Camtig)d s dnias Bblie plolid wsl oS b 4o adlaie ol 4o
ol 53972 O3 S50 slac L

g R llio g5

hgholami@hormozgan.ac.ir :olilse Jgimo®

4 daiee Bblie ololid VFF 0 @S el ) wng (IS s Gmdhelon! vz (oo« 05 Slrs 3Ll
sl iagh sluiss,S cuss o Cforest 3 GLM sla Jow 5l ool b o] 50 50 sloJole § caniiy b jlas
Fe-08 (TIYA o s

10.22092/WMRJ.2025.367937.1608 : Jliuzs s awlbls

IR A TRRRS P+ P TN IR 23 VAR 1) 7 N JOR VP TN PR R 28 VAR VRYNRIPSX 51 PP TN IR 2% YRR VA JNSCH RRY T
B8 L F gloamio AFF 3ulb AFA oLy 5)les F 5,Lad FA 5,50 VFF Jlo g logsel slaiags

OB © o8 pliwl rmbalio 5 (55)5laS hjgel § Dlidos 35 e 1yl

OMOM



0009-0009-3079-460X
0000-0002-7280-8880
0000-0002-9816-899X
0009-0003-2965-7786
0009-0005-8528-5125
https://doi.org/10.22092/wmrj.2025.367937.1608

Ve b IFA ol 5yl ¥ 5l YA 699 SHTA,

13 BLM (nile (5,83l Jaa 5 asliial b camiis s (sly l5e Je 53 i 2y oal (ohol oa
Safie blie olubid gl eile (6250l Joe oL sl sl cisiy crl )2 5,0l g eatiaslllas dilae
05U adele (o Cual 5 ot (rizren AD A8F B (63 B63,S SdS 3 (e Sty B jlaS 4
A S oS Sy Corest il (5ol Jow 5l eolatul b Caniig,d 505 ) le

gy 9 Olgo

Sl ole 4 Logsyo sloosls oSy 1zl osbaallan iaie ;3 (pne) Canmig p Jld A5E &g (sl sy (o3
5 e slandil plxl b adhaie )0 Cendig b 5l dg2ge 4l dLiwl) (ul o ol ans oy (nl BaS s
rnte elold 5l om0l ags ArCGIS Lise o caniiyd (055 b og 4 bgipe sleesls (5 )5laes
Gedle 5550k Joe b ol g 5 Ceniis  LlE 5 e lajine Gl Al ety f 8uiiS lee slaJole
o5 (o= I¥) oS ket ol () 6 ) ety s Bty 5 gt s e (575 0 52 GLM
iy b as Lid K54y ¢ od (gonaibs (/A=) ol5 ke 5 (+18=+JA) ol (- /F=+/9) Lansgie (- Y=+ F)
il blie 50155 g (gl it Copanl paans sly W oo i 5 o CROTESt e (6,80l Jow . 4l
el a8 o1 llas g i b Jos 500 b auglie ,o Jde ol b5 8500 ] Caniig b oagty (5SS
A oolaul edyay (pl 80T Lo g Hge slaule 51 ST o s Sl yns s, CTOTESE Jos 5l eg, 00l

gy Cobas il Sb)l STy g p Gl solainl b caniiig 3 s So i ;0 GLM Jow o Sles
2 Oy Camitig,d bl Slubs 0 GLM Jow Jle o,Shas Sl ools cpl ael cavods +/29 sae ST, e
309 05 g oS e el P Conlus laailb o colas S5 LSe TFY 5 VYA Jow cpl el el
5 0l chgie Candisyd Comlas gladinh 1o it Corlus JS 5 ESe VY 5 FEY FoY 50 som
655 o bty 2idgs Canniig b ot 4y el oidalllas ailae S 51 AVEIY «paizan Wiog ol LS
Wil S e olgmal wisgy (£l g oly5 oo slre po a5 USiz g (£l 5 55,0 Slo )5 L dilate
Jolds (bl piie du dapiie (oo Coodl @l Ll o comizmen 090 0L 9 3bjkS i) Cunntig B Sl 4
Balaie )3 Ceniis )b slas 805 oo sl it it Sl eseeing 2l S8l sreiny 2l e ey 6
003y ol 45 ol L L sl sl o) Comnind s 50 e (sl yrite )y gl g oadasilas
il SiSaes 5 S bl sla iz ohigar (Ko slacns) ln oz Gad Slsiee

Wwoleiudey 9 (5 5 el

5 $3008S slacs )9 aklaie (635 50 oo ;5 (e Cemiin b s 4 Conles ool Cosy @l bl
BaLS oo Sl yiie oy p @S g 3L 5 by (Bl g (s lacme; ©yslre )3 ST 6205 9 (SL
locodled dangi ooy slac! 56yl 0,00 ialEl Ldo ol lid eadasllhas ddlaie (o Caniigyd Hlas
Sloghisn Sleiiion (ime) Sy b (Are Sl alS plaieds co)cnlil 09 (5ilmbisn S Sds po (£l ()
350 Sy rizman 99 (5 S sl wilond vej g ol @l 5500 st Gl s &5 o Jlad ol
g plol alaie Hlssl 4355 sliteds cadasilas ailats CewsYl ) (s (i) 6 053] glacles

oals (5519

Oilo (6 550l (S0 (g5l Jo (631 il 60 55 S St ¢ o]



‘;/!%T‘ﬂ‘k;}’

by Jele naiz pleol b (e Condig B A
VAV SLog D el des aoe Cen
Gl jo oldl e glaosls oL G ol by
S ) e gyl b ey ety
2 GOl gladele aile esdse
bl ololid L (Y)Y oSan 5 S,L) 0,8
Slogeds mugy 5 2ol Sl gzl iyl
oelhal Sl Glgioe ey b Conae
Gluly ls sl Blas 4 1) e Candig
iy ooliredsl odoaa] 3blie (6 )5lols 5 Sutoails
S b ol edS (Y-YY &g, 5 gale) o5
el »lid g s O 5l Sisaes 9 Sis o il
2 050 S 5l 85yslaS anwsi sl s ]
el 00D (e Caniig b s goleadp Ll b
0985 Sumex (30 plp Jlr oS5 sladkle
5 o oM (Sale LS ams b 5o gl
& el 2 ol b e 0018 (655l
lololis 25Le 0ay5l, sl sl oad ol
S 4 ey ool bl gl eanl
s SO A yomie 4 Cewl 0al haud (gole £9040
9 ) d9der e 538 G 5l g Slessye
slcds o sy ol olas, (YVF o, Sen
ool ol sl paS  dalike (slapbil
Joefiz soles ghian gl a0
iy p Bl ST el o0 B 515 Corcs i
Sondy i 5l (Gl degien g azgies slacids o
9 &) Sl ol sein o
0 Cemiig die 5o (5 ledyy sla gl (V- TY
(VY)Y e 5 s sl oabplonil Lo pelans
L1y Oledel sblcam cubs )0 o) Caitiy)d
on Sl (old (I o) 5l eolial
g S cds ol plas et cpl wls we,S
L Oosloym yo JLldly sasomn (g b)) sleools coa S
3 g Fowlie )bl LolE eSS b,
Seatigd 85 ((VoTT) olSen 5SS ctagh
i 315 by, 5l eslial L 1, ol bl

v ol 2 P30 b ole g Cominigyd s 4 i Gblu (ol

doddio

OBl gy Sennii b (5958 Jold (e Sanniiig B
Sal ol B abmlr oy a5 cenl sy el
N Cople fdoar (VAAL (158 5 Con) o
3 oheels W5 T ey (nl come) ey b
ol Saeails 8,00 SO o o) s Ol S ol oo
ol kool olendy g2y BB chks g 35d o
ol 50 G0z WA Sy e Syl
Sy iy (Vo VY L Sas 5 o) ol Slez
ok lanli sl abike ol sl
el len 5 Ol Sl 5 Sl glacle
Sy a4 ailel oo B gy gl 5l eolaiul b lisoes
alal) 3 S92 ge slaaidly 5 loay L ¢ ls 5l (oaele
YV Slgly g gole) ol caws Canddgyd b
ey sladale 5 einy ol caslisl il
W5 Sl Caniig B sl )0 S g alid
ke (VW Sl Sl
sl f¥oar Lis mhaw )3 (rae) (slacunidg b
il (Sal S Pl (polae gl yFel wiils
Sl oology a3ty 5 sl S sy slac]
Oz el 0 (VWY Kea 5 J0L39)
Lol (nyin b (iblie )0 Candigd G piden
%) Seol 00log; ey ol sloolz 65155 5 o
o axb V0. 5l s anddS o (Y01 o))
5 ol Wl ez ikl SosSe el Gl
VooV (Slal g 95) wloass b easay opl 511G el
SSbon Jold atws )z 4 (e Sy b S5
S ol 5 cile g bosls Soy5 5
olasdl ope g (Seejny S5 Wy bl
ey G el ny IS ane (aliEh
e Gy (555 slaglersle 5 Sl
el dew 258y sbaalels 5 lasg, Sl
izl 5 (S bae Sk pal5 ) Jolpe
slacadld jo Pl g (Swj Cundy pad Fu)
OhSes 5 Ols>) S9dos e (lox!
2 B g S oplxl IS ek (VYT



VFeF 3l IFA ls 5Ll Y 55l (YA 5590

o559, g olge

cabaniloo ddlai 8 yxo

Ol el @l 509, (Ao 5o ilmdge S s
ol (Bri leds yo doil szul (9,8 59 5 o,
o g LESa FOAVAVY colue L of5jem
F7a" o 5,5 Jsb OVOYA 5" b OV OYY'.s"
s el cwl Jlei b e YYOOY'fY" b yve
Ol 53 (65,9LaS sl bl glacuss 5l (S
g Aol oy g dfgiew b pl el G550 e
2 S @l gl sl s 5 Sl (el 3,
sl b ,o ol 5l ,S 80 g olT g5l
sy Sl o (55)5lES dnngi anddS
Oz el edd ey ol ale
] gl 55, ol 5 9 slodlunsis
iy i KT el 005 w5 |, Candy ol 30
wilate oaldl ool ssalive L 5 IS8T aihaie o
i 5 5 )logs g 05 pal gy el eiaalllas
S el 5 Gy K25 5 st o8 by
los 5eSile 5 yiedee VAYY LYl Swb
Sl 8l el ol il a0 YOS 4YLs
X oS dded o] ulul p o Cash,
4 barpe ol (ieS g olo (rage g 50 8T 4 bgsye
Yl o Siloo .ol olosls > 5 Catiguad,l (p30,9,8
LRIV Ity </ YR ESA Lo S0 B R PRV oW
Oiu 5 ileben S culs pwliiage) oSy
OBom degeme Sl (o255 Cl OISe (5 22
oS g Sl i s wle leday
ol G L gy Laie b (55550 slacKin
3 oadardllas dilais (0 09250 slaazly g LSS
@y Sl g lbSiw Jold Wz 4 ol
WS Cumdg Zewl SlsS B SSg5etll 4 3lae
S 83Kk 5 605 pg ol ) adhais JSx
sl 63,5 150 pb b satrbilis ISin olSa 53
Sy oleanssygd Laulyl b olapyage Lawlsl 5l a5
o >3 Zanl GIRE0S Ss g (som KA
ol Giledsn S Sl ps 6955 K

J/'Z‘%TU*J‘,‘;}

Sre Y 3lg 80,5 ped dle 6550L 5 )b,
slocdld T ey (b Slpnss Jold o4dlly
ol 50,5 eolizal VLM il Joo sl ol
Sz oeile 6550k Joe Gijeel ln b S
((YYF) oL, Ke2 g g s oolizul (RF) dolas
L1y Oy Samnedig P (Gt slocebl ll
LSHAP o5, Lo g iile (s S0l 5l ool
wn OV s gyl s B sleesls
5 ras sl aid 5l jshie cpl a4 g WS
) Cmitizyd it sl SHAP slaosll
Sy 3 (TTE) hen 5 Slax, oS eolizal
b ey Slp el BB Gree T3k o
sy gl LT 0, eolit] ewdis b
oy sskiets (DL) Gose 650L Jao (29,5
slaghy, 5l Cumidgp bt 4 ) Coles
S iesh @l ewyn b oS eslanal Giliks
winej 5 G GBS wilg oo Glaie (reiey
@bobed [ als iy (pwyp w58 ST ol
g by, B og waslys 0B plaioe (pizen a8
b ot slagiagyy )0 eadatd s e glaJow
@lld b gl ol » geil S L)
Ol G pliioe &5 (Lalla b Codgacme 455 50
Slotesi 1 Gxly 5 dge Bl wivg: azlse
OlFiasy sl Res e 5l 0 el | S
slogsll 5 laws, b ogdoe pald (o)
@325 oloy Job yo 1) Sty B H0ebs slaiagiy
2 gy ol (VYT Dl g gale) aus” Lo
S bl gl e iledge,s cbe
L2l 0008 5 JLS (som sloassS I (JKia o0 058
005 e sla ol lulids «Limgly ol Ban
Sail sloools b )] asdi agd § Caniidg,d Has
GLM Jas 5l dbsly opl 5o 09 Canidg s s
S sloonny iludae o ol bl Jdoa
(9% il 5wt sl | (Ko b eslina
b SN SSE D,a8 b oosls ol a9 wy
L oglaahie o (o Ve o)) alidb Juw L)

Sg Sl glaosls



L o T 550 SloJole 3 g 6 sl & s Blio (splolih

ool o oadadlas aihie olilir Coadge LS s Gl S e clbaisS
JKiz (959 58 (e S b BT a8 sla Lo

ol sdoomlice O‘ uﬁ"")"" 6))5LJ (_ngu...A) 9

B ol

2 i Giegh sleidsy s olnl g QB ey
] 00 oolodti..; Y 9 \ ‘_gl.bdiw

Roodan city
Province of iran
-+ Hormozgan province |
¢ Sea

Miesf
—
;
Plain [l |
city | s
Roodan [l -8
2
|8
“®r
1 o
< S
§
L™
o
0 5 10 20 IS
——\Miles 8
536000 520000 580000 2

Olnl g OB ro 0 lislys cudanillas il o LSl 3o Comdgo =Y JSCi
Figure 1- Geographical location of the study area in the Hormozgan Province and Iran.
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Application of GLM machine
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subsidence maps
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Figure 2- Research flowchart.
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Table 1- Database preparation for the studied area.

data type Variable

Spatial accuracy Source of supply

and scale
Topographic Humidity Index (TWI)
Topographic Position Index (TPI)
Waterway Strength Index (SPI)
Data extracted from DEM Slope Length Index (L.S) 10 meters The writers
Slope Map (S)
Curvature map
Plan Curvature Map (PC)
Profile curvature map (PCr)
Data extracted from Download from the site
. NDVI index 10 meters www.Earth
satellite images
Explorer.usgs.gov
Climate data precipitation 10 meters Download from_ the site
www.worldclim.org
. Distance from pumping wells
Water resources available Groundwater level 10 meters The writers
in the area
groundwater drawdown
Distance from the river
River density
Distance f_rom §ettlements and 10 meters The writers
residential areas
Data extracted from maps Distance from roads and paths
Distance from the fault
Geology 1/250000 Geological Organization
land use 1/25000 Natural Resources and
Vegetation 1/100000 Watershed Organization
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Figure 5- Land subsidence hazard map predicted by the GLM model.

/A2 sae el ool eoloplis ¥ Jga o ST, GLM Cannitig b yhas s o, Jobo 21,15
i p bl glolis s Jaw Jle o,Shee Sil, i i iy GLM s s
o9 ab 2y, ROC sxie 5 coluse 3l oolaul L

ooy Colus Glan L g AUC goue 53kl

(o ) Colue @l -Y Jgus
Table 2- Results of the Area Under the Curve.

Data Area Std. Error* Asymptotic Sig.” Asymptotic 95% Confidence Interval

Lower Bound Upper Bound
Test 0.999 0.001 0.000 0.998 1.000
Train 0.991 0.005 0.000 0.982 1.000

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5



Sensitivity

U- /’%T‘ﬂ‘kﬁ
. '

ROC Curve

s

[=]
@
1

0.4

oo T T T T
00 02 04 06 08 1.0

1 - Specificity
Test

v 01 2 50 S Jole g Cunmiiig b s 4y axiume bl (oLl

ROC Curve

10
0589
06
£
>
k=]
w
c
L]
w
0.4
029
00 T T T T
00 02 04 08 [1F:]

1 - Specificity
Train

ROC s -7 S
Figure 6- ROC curve.

S 5 ols Gl ol sl s ol ol
Sz slaie) lp ax s Saiig
Gl St dos g S 3ble sl Kz ojga
L Kz 050,058 SO 0529 0 (958 cddlain (] jo
3OS VAUVA sga cobus a5 (69,5 150 oL
ashic 0 QB 65 w08 e p oo 1) cle
ol oaslive (yrizmed 05 (Ll 5 (53l slacre)
PS5 Gl 9 Cewdigd s Gl alal, o
50 Cawldgyd blas Cdel oS IShay 0 palins
LS Gidg Sl by cl solop, K mlaw
a8l ool Conl @Bl iol38l 50 ey Caniidg B las
iy B ylas oy 6,15 £95 Al BaS a0l
6[&6}0'5 aQ .]49)),4 NDVI SJL)\)‘ UJW Oy
sl cpl g Ko oo, g 2l s),elaS
Sooly dwsas ueip; ol adss i ke
G ggog0 (nl g g )5l 5o (610 po
w35 Lol slaanl 51 S ol dg0une «puimad
Slezel (699,9 b sabiel arindS jo cbs soS
SloSis ol Jdody 4idS ans g0 ;0 ofgd

Cuniigyb jlas 80355 )lew Gd o (rud oo
Cforest Jowo b (yo

Gojlal ey Gty d Sl ke slayeaie
ol e sl aslb gueS gl as D9l oo
B8 59,4 Joo 5l (o Coeal nd sl A9
oo e 5l S a5 Cforest olas JSoo
oo blsee 50isS oo (sl pitte Coodl asd (5l
g i 215 a3l Jaw ol eolaul Ko Lo
2 oop bJae 00 b awlie o ol xS slhs
e dw oJae pl 5l edel Cawsas mls el
ol cdl g iy ol mhaw ey )8
gy pS15 iog b pdie G Sees o A (o)
Fpe Sloyiie el o5 55 SPI a3y
..\405; odnde]llae ddlais B Ws)ﬁ )Ja.‘> »

12- Leanth Slope



VFoF 5l VPA oaly 5yleis o 6 led YA 60
ouds aihie 15 (einy ol @l 5l 6l o
‘O—AM .w‘ R Lji? éojm )b - .9)3

S re) 03gdme ;0 oy cpl olas 5l Slaaslas

d/'{rir‘ﬁ‘;‘,‘;}

S e wnl 2 opsBdl b el caba
o8l 4 e (£lg (65)5laS A (2 e Loy
o b i oo 53 lesal a8 ol 5l o
szl ced US55 050 S e dilate glags )8
039 4 a0l caw a5 og oal el
sy 4 yzie plnilyw g Wb RalS Sada Ko

1 1
landuse
Grand_water_level
GW drawdown
DEM
NDVI —*
Village_distance EE—
Geology e
Soil ———*
Fult_distance EE—
River_distance —
Road_distance I
River_line_density *
Stream_Power_index *
T T

0.00 0.02 0.04

T T T T
0.06 0.08 0.10 0.12

Importance

Cforest Jowo jl oolisiw! b caniigyd yhs p 550 old puttio (oo Comod| - ST
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Extended Abstract

Introduction and Goal

Over the past few decades, subsidence has become a major problem on a global scale. Given the
increase in this phenomenon in the country, predicting and spatial modeling of land subsidence
and identifying areas prone to subsidence are essential to reduce the negative effects of this
environmental impacts. Given the threats and destructive effects of land subsidence on water
and soil resources, managing this phenomenon and prevent its spread is a key issue in the
sustainable development of the country. Subsidence studies is essential to gain insight, identify
research gaps, improve methodology, and ensure that new research contributes to the existing
knowledge base. In this regard, the Kerdi Shirazi Plain is of great importance due to the
presence of the Mourkerdi Forest Reserve, its biodiversity, and its agricultural status, and given
that subsidence is expanding in this region, identifying areas prone to subsidence risk is
essential to combat this phenomenon and reduce the damages caused by it. The main objective
of this study was to develop a spatial model for subsidence risk using GLM machine learning
model in the studied area. Therefore, in this study, for the first time, a machine learning model
is used to identify areas prone to land subsidence risk in the Kerdi Shirazi Plain. Also, the
contribution and relative importance of various factors controlling subsidence were
quantitatively determined using the Cforest machine model.
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Materials and Methods

In this study, to prepare a land subsidence risk map in the study area, a database related to the
factors controlling this phenomenon was first prepared. In this regard, the existing map of
subsidence in the area were prepared by conducting field visits and collection data related to the
presence or absence of subsidence in the ArcGIS software. After identifying the most important
factors controlling subsidence, the relationship between the effective variables and subsidence
points with and without it was examined using the GLM machine learning model. The output of
the prediction model (values 0 to 1) was classified into five subsidence risk classes including
very low risk (0 - 0.2), low (0.2 - 0.4), moderate (0.4 - 0.6), high (0.6 - 0.8) and very high (0.8 -
1) and presented as a subsidence risk map. The Cforest machine models is the best model for
determining the importance of variables controlling various hazards, especially subsidence. The
efficiency of this model is higher and its less error is lower compared to other models.
Therefore, the Cforest model was used to determine the relative importance of each of the
effective and restraining factors of this phenomenon.

Results and Discussion

The performance of the GLM model in predicting subsidence risk was evaluated using the area
under the AUC curve. The area under the ROC curve, was found to be 0.99. This data indicates
the excellent performance of the GLM model in identifying subsidence points. Based on the
results of this model, 2180 and 441 hectares of the total area were in the very low and low
subsidence sensitivity classes. On the other hand, 402, 447 and 1113 hectares of the total area
were in the moderate, high and very high subsidence sensitivity classes, respectively. Also,
24.3% of the total study area has a very high susceptibility to subsidence risk. The central parts
of the region with agricultural, horticultural and forest uses adjacent to agricultural and
horticultural lands, share a common aquifer, and the risk of land subsidence was very high.
Also, according to the results of the relative importance of variables, three main variables,
including land use, groundwater level, and groundwater drawdown were among the most
important variables controlling subsidence risk in the study area. The results of this study of
variables controlling the risk of land subsidence showed for the first time that this phenomenon
can be a serious threat to forest lands, especially forests in arid and semi-arid regions.
Conclusion and Suggestions

Based on the results obtained, the sensitivity to land subsidence risk in the central parts of the
region (agricultural and horticultural uses and forest use in the vicinity of agricultural and
horticultural lands) was very high and high. The results of the study of variables controlling the
risk of subsidence in the studied area showed that the reason for the increase in groundwater
exploitation was the development of agricultural and horticultural activities in the Kerdi Shirazi
plain. Therefore, in order to reduce the negative effects of land subsidence, it is recommended to
prevent activities that increase the exploitation of groundwater resources. It is also suggested
that watershed management activities (flood spreading) be carried out upstream of the studied
area in order to recharge the regional aquifer.
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Figure 1- The location of the Sang Sefid watershed in the Ilam Province and the Iran.
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Figure 2- A view of the agricultural lands of Sang Sefid village (a) and a survey of health house staff
and residents of Sang Sefid village (b).
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Table 1- Demographic characteristics of villages in the Sang Sefid region and the sample size of the

units.

Row Unit Village Population Number of households Sample size
1 St Sang Sefid 460 135 100
2 Cham Kabud 56 14
3 S-inty Gharib 136 38 83
4 Barde Bel 208 54
5 S-intz Sang Shelen 46 12 12
6 S-ints Tagh-e-Gavrin 511 155 111
7 S-inte Kalleh Ghatar-e-Sofla 85 25 33
8 Kalleh Ghatar-e-Olya 41 11
9 Ss-int Chogha Sabz 112 28 26
10 S-ints Joob Boor 65 15 15
11 Ss-2 Shoorabeh Marate 186 55 48
12 Se Belaveh Tareh Olya 81 23 102
13 Belaveh Tareh Sofla 405 115
14 S10 Joob Sorkh-e-Sofla 71 17 16
15 Su Belaveh Khoshkeh 237 66 81
16 Herghoosh 134 36
17 Helt 106 27
18 Si2 Sar Chogha 44 12 36
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Table 2- Socio-cultural resilience measurement indicators of rural environments exposed to flood

risk.
Index Attribute Reference
v The level of responsibility and participation of the local Ghasemzadeh et al. 2021, Nahid et
! community al. 2021, Ali and George 2022
V2 The level of physical health of the local community Moghadas et aléggélg’ Haque etal.
V3 The level of mental health of the local community Nahid et al. 2021, Haque et al. 2022
Vi The level of familiarity of local community residents with Nahid et al. 2021
each other
. . Kotzee and Reyers 2016, Mishra
Vs The education level of local community and Mohapatra 2019
v The level of knowledge of the local community about Zhang et al. 2021, Ali and George
6 flood and necessary measures 2022
va The level of social commun_lcatlon between the Ali and George 2022
watershed residents
The level of trust of the local community in the fair
Vs service of the custodian institutions in times of crisis and Sharifinia 2018
after
. . . Anacio et al. 2016, Lwin et al. 2020,
Vo The sense of belonging of the residents to the region Jacinto et al. 2023
V1o Previous experience of the local community from floods Lwin et al. 2020
Vi The level of trust of the local community in the policies Ghasemzadeh et al. 2021

and programs of the authorities

sbojlail i o TOPSIS g, 5l eolanu!
o g slaoslasl s g Wi b asls ol
(it ol 00BdSII Y Joaz jo o mls 59
Jless! J> of, @ e S90y reslail gl
(Ri) TOPSIS a,li 55 5 (d) ae 5 (i) oo

] o..\..fm\ﬂ)‘ ¥ Jj..\} o

Elis)S Wl oylel ogr 2t o 4 o0 loay
Sl Il bl oS 4 et oIV ojlasl 5|
S e sladsS Jsye )55l 5 09 oot L
O (VoY Gl s zis2) o ol eadaid S
T A5 oalbailne diged > wlal  culal
L o6yslol gl g ad plxil e slaaxsl> |



VFeF 5l AFA olo oLl OV 5,Lels YA 590

d/”{'."r‘ﬂ‘kﬁ

Sliwgy gl (Sin 8 — closal 65910l (g hamiaw §lp Boy3g ouuh ylxigg paoudi (s Flo Y Jguo

oyl (p o 53
Table 3- Weighted normalized decision matrix for measuring the socio-cultural resilience potential
of rural environments exposed to flood risk.

S- S- S-

S-

Ss- S-

Atribute - Wi S int, int, ints  ints  int  intg  o%2 > Sw Su Sw
V1 992 279 298 180 207 335 223 255 319 354 271 319 3.35
A\ 742 241 240 218 232 221 163 174 209 263 232 163 1.86
V3 825 228 213 244 322 235 183 196 209 296 261 183 248
V4 712 222 218 200 235 207 188 169 197 204 197 216 2.07
Vs 760 236 215 264 239 211 155 211 197 3.09 197 197 1.55
Vs 983 354 342 298 248 248 191 248 210 4.29 267 229 248
V7 9.17 272 283 208 152 277 236 263 319 3.05 250 291 277
Vs 958 295 350 112 174 234 288 3.06 270 350 252 288 3.06
Vy 975 3.04 280 111 124 3.02 302 329 316 2.77 261 316 3.43
V1o 950 384 360 171 169 215 215 273 156 381 391 156 234
Vi1 967 3.09 361 228 160 250 250 269 250 394 269 250 2.88

Gbluzoe Koo - cloizl 5,910l (ylgi iz 515 TOPSIS (i) slamwlxs sbazions —F Joux

Dl yhas (B0 50 (o1 liwg,
Table 4- Computational parameters of the TOPSIS method for measuring the socio-cultural
resilience potential of rural environments exposed to flood risk.

Item S1 S-inty S-int, S-int3 S-inty Sg-int S-ints Ss-2 Sq S10 Su1 S
dif 2.00 1.99 5.07 5.20 3.49 4.40 3.39 403 080 298 4.06 3.30
di 461 4.83 1.98 2.09 3.41 2.96 3.68 357 590 382 353 4.03
R; 0.70 0.71 0.28 0.29 0.49 0.40 0.52 047 088 056 0.46 0.55
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Figure 3- Prioritizing resilience values of rural environments to flood hazard in hydrological units.
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Figure 4- Mapping the relative potential of socio-cultural resilience of rural environments exposed
to floods for selected hydrological units based on the TOPSIS method.
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Table 5- Computational parameters of the TOPSIS method considering limit values.

S- S- S- S- Se-

ltem S int, int, int; ints int

Sg2 Sy S1o Sin Siz  Min  Max

d* 321 3.03 6.09 621 467 540 448
dr 639 651 424 438 542 451 529
Ri 067 068 041 041 054 046 0.54

507 189 407 510 440 9.39 0.00
535 7.62 567 523 576 0.00 9.39
051 080 058 051 0.57 0.00 1.00
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Figure 5- Mapping the absolute potential of socio-cultural resilience of rural environments exposed
to floods for selected hydrological units based on the TOPSIS method.
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Extended Abstract

Introduction and Goal

In the past decades, unsustainable development has led to the emergence and occurrence of
various crises and human, social, economic losses, and environmental hazards in the country's
watersheds. In particular, flooding is one of the phenomena that has increased significantly in
urban and rural areas of the country in recent decades due to this unsustainable development and
the effects of climate change. Accordingly, measuring various dimensions of resilience of urban
and rural communities at risk of flooding as well as identifying strategies to increase resilience
against flooding, is an important step in manage this phenomenon, especially in the process of
integrated watershed management. In this study, the relative and absolute potential of socio-
cultural resilience of local communities at risk of flooding in the hydrological units of the Sang
Sefid watershed was carried out using the TOPSIS multi-attribute decision-making method.
Materials and Methods

In this study, first, indicators of socio-cultural resilience were identified, based on the literature
review, interviews with experts, as well as field visits and interviews with residents. Then, the
multiple response coding method was used to quantify the socio-cultural resilience indicators in
the current situation of the region. The variables used in the questionnaire were considered
qualitative ordinal variables according to the Likert scale (very low (1), low (2), moderate (3),
high (4) and very high (5)) were considered. Then, after assessing the validity and reliability of
the guestionnaire, a survey was conducted among the residents of the area. In this regard, the
validity of the questionnaire was approved by the expert group. Also, Cronbach's alpha method
was used to calculate the reliability of the measurement tool. Also, in this study, the sample unit
was a rural household, and Cochran's formula was used to calculate the sample size based on the
number of rural households in each hydrological unit.
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Finally, to measure the relative and absolute potential of socio-cultural resilience of local
communities at risk of flooding was measured in the demarcation of hydrological units of the
Sang Sefid watershed and was determined using the TOPSIS multi-criteria decision-making
method, with and without the intervention of two hypothetical alternatives in the form of
minimum and maximum values of resilience potential (respectively with average values of 1
and 5 related to all indicators in units).

Results and Discussion

In this study, 11 indicators were identified as the main items for measuring the resilience of
rural environments at risk of flooding. Also, the sample size based on Cochran's formula was
calculated as 663 samples. In addition, the value of Cronbach's alpha was calculated as 0.832,
which indicates the good reliability of the measurement tool. The results show that the most
important and least important indicators in measuring socio-cultural resilience compared to
other indicators from the experts' perspective were indicatorsindicators Vi (The level of
responsibility and participation of the local community) and V4 (The level of familiarity of local
community residents with each other) respectively. Also, five other important indicators
included Vi, Vs (level of knowledge of the local community about flood and necessary
measures), Vg (sense of belonging of the residents to the region), V11 (level of trust of the local
community in the policies and programs of the authorities) and V8 (level of trust of the local
community in the fair service of the custodian institutions in times of crisis and after)
respectively. Also, the results show that the range of values of relative closeness to the positive
and negative ideal solution varies from 0.80 to 5.20 and 1.98 to 5.90, respectively. Also, the
range of TOPSIS index values varies from 0.28 to 0.88. The wide range of the TOPSIS index
indicates the presence of units with different flood resilience potentials in the studied area. In
this regard, the results showed that the lowest and highest flood resilience measures (Ri
measures) were 0.28 and 0.88 for units S-int2 and S9, respectively. Also, in rural areas at risk of
flooding in the boundaries of selected hydrological units, the resilience potential of 6669.4
hectares (73.41%) have moderate resilience potential, 732.5 hectares (8.06%) have high
resilience potential, and 1682.7 hectares (18.52%) was very high.

Conclusion and Suggestions

The results of this study show the different importance among the 11 indicators identified in
measuring resilience. The results of measuring the resilience potential of rural environments at
risk of flooding in the demarcation of hydrological units of the Sang Sefid watershed indicated
the existence of types of units with medium, high, and very high resilience potential in the
studied watershed. Based on the results of this research, it is recommended to use SWOT and
DPSIR programs to increase the resilience potential of units, especially by applying problem
structuring methods. In addition, the use of the results of this study and various techniques for
determining the importance or weights of indicators in combination with other multi-attribute
decision-making methods is suggested for future studies of resilience measurement. Also, the
time-consuming survey to fill the questionnaire by the watershed residents was the most
challenging issue in the current study.

Keywords: Decision matrix, ideal solution, local community, multi-attribute decision-making,
resilience potential
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Figure 1- Geographical location of the study area.
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Figure 2 - Field measurements of the studied gullies (from right to left: recording the geographical
location of the gullies using a GPS device, measuring the upper width, lower width, and depth of
the gullies).
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Table 1 - Cross-validation approach for data separation.
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Figure 4 - Location map of gullies in the Mahurmilati watershed of Fars Province.
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Figure 5- Maps of environmental factors affecting soil loss due to gully erosion in the Mahurmilati
Watershed of Fars Province (from right to left: elevation map, slope degree, slope direction,
lithology, distance from watercourse, drainage density, topographic moisture index, land use,
distance from road, surface curvature, relative slope position index, soil texture, spatial distribution
of rainfall amount 2022 to 2024, frequency of rainfall more than five mm 2022 to 2024, normalized
vegetation cover index 2022 to 2024).
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Figure 6- Diagram of observed and predicted soil loss values in the training phase with the M1 data
partitioning approach in the Mahurmilati Watershed of Fars Province.
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Figure 7- Diagram of observed and predicted soil loss values in the training phase with the M2 data
partitioning approach in the Mahurmilati Watershed of Fars Province.
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Figure 8- Diagram of observed and predicted soil loss values in the training phase with the Ms data
partitioning approach in the Mahurmilati Watershed of Fars Province.
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Table 2- Evaluation of the prediction accuracy of models in the training phase in the Mahurmilati
Watershed of Fars Province.

Evaluation criteria Data approach SVM ANN
M3 41.31 71.00

RMSE M; 34.13 55.84
M3 37.37 63.67

M1 0.85 0.41

R? M; 0.84 0.42
M3 0.83 0.36

M 0.46 0.78

RSR M; 0.46 0.76
Ms 0.47 0.80

M1 0.93 0.75

d M: 0.92 0.75
M3 0.92 0.68
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Table 3- Evaluation of the prediction accuracy of models in the validation phase in the Mahurmilati
Watershed of Fars Province.

Evaluation criteria Data approach SVM ANN
M1 46.70 76.84
RMSE M; 88.86 92.11
M3 87.35 79.05
M1 0.59 0.34
R? M; 0.55 0.30
M3 0.41 0.21
M1 0.84 1.39
RSR M; 0.93 0.97
M3 1.01 0.91
M1 0.81 0.63
d M; 0.58 0.56
M3 0.34 0.60
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Extended Abstract

Introduction and Goal

Water erosion is also one of the most important factors in land degradation. Among the different
types of water erosion, gully erosion is a very obvious and prominent type of soil erosion and is
one of the most important challenges threatening food production, human health, and the
ecosystem. Since the amount of soil loss due to gully erosion is directly related to environmental
factors, it is possible to model the amount of soil loss due to gullies based on environmental
conditions. On the other hand, field measurement of the amount of soil loss due to gully erosion
is very time-consuming and costly, and direct measurement of gully erosion on a large scale is
not possible. In this regard, this study aimed to evaluate the effectiveness of support vector
machine (SVM) and artificial neural network (ANN) models in modeling soil loss due to gully
erosion in the Mahurmilati watershed located in the southwest of Fars province.

Materials and Methods

In field visits, the geographical location of all gullies located in this watershed was recorded
using a GPS device, and after matching with Google Earth satellite images, these points were
transferred to the GIS and a gully distribution map was drawn. Field measurements of the
dimensional parameters of 70 gullies were carried out over four years (2021-2024), including:
gully length, upper width, lower width, and gully depth, and the volume and weight of soil lost
due to gully erosion were also calculated. For the modeling process, 15 environmental factors
were selected as independent variables (predictor variables).
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In the modeling process, environmental factors were considered as independent variables, and
the rate of soil loss in gullies was considered as a dependent variable. The gullies were
randomly divided into two groups: training (70%) and validation (30%). Modeling was
performed using two models: support vector machine and artificial neural network, with a cross-
validation approach. The accuracy of the models was evaluated using quantitative criteria such
as root mean square error (RMSE), determination coefficient (R?), RSR error index, and
goodness of fit (d).

Results and Discussion

The results of the assessment of the prediction accuracy of the models showed that the smallest
error size in terms of the root mean square error (RMSE) criterion was related to the support
vector machine model, followed by the artificial neural network model in second place. Based
on the evaluation criterion of the coefficient of determination (R?), the support vector machine
model (R?=0.41-0.59) was in first place and the artificial neural network model (R?=0.21-0.34)
was in second place. In terms of the evaluation criterion of the RSR error index, the artificial
neural network model was in first place and the support vector machine model was in second
place. The highest degree of agreement between observational and forecast data in terms of
agreement evaluation index (d) was for the support vector machine model (0.81), and the
artificial neural network model with an agreement index size of 0.63 was in second place in
performance. Therefore, based on the results of this study, the performance of the support vector
machine model was better in terms of evaluation criteria of root mean square error (RMSE),
explanation index, and agreement index, compared to the artificial neural network model, and it
was introduced as the superior model for predicting the amount of soil loss due to gully erosion
in the Mahurmilati watershed of Fars province.

Conclusion and Suggestions

In evaluating the performance of a model for simulating a phenomenon, several factors play a
role in this issue that must be considered. Therefore, in this study, 15 environmental variables
were used to predict soil loss due to gully erosion. In addition, using variables provided the
model with very important information in terms of spatial and temporal changes and watershed
characteristics. Also, in this study, the monitoring period was not long-term; but the
performance of the two models used for predicting soil loss due to gully erosion was
appropriate. One of the important advantages of this research was that the two models used were
selected from among the most efficient artificial intelligence models, and by considering time-
varying characteristics, future forecasting conditions were provided, and therefore, there is no
need for repeated field measurements in the coming years. In fact, the model can predict the
amount of soil loss caused by gullies in subsequent years based on the learnings gained during
the training phase and by considering new rainfall and vegetation cover information. This
finding was the most important distinguishing feature of this research and indicates that
modeling can save time and money and provide valuable services to the country's water and soil
conservation management. In this regard, it is suggested that models based on artificial
intelligence and machine learning structures be used in future research.
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Tablel- descriptive statistics and normal probability test of all dependent and independent
variables Results.

Skewness Kurtosis star_ldz_ard average Number_ of Varibles Row
deviation observations
0.899 0.368 0.745 0.985 105 SOC (%) 1
-0.48 -0.54 20.16 119.7160 105 Blue Band 2
-0.39 -0.47 26.87 122.348 105 Green Band 3
-0.13 -0.19 19.73 108.6321 105 Red Band 4
-0.73 3.71 32.11 93.4192 105 NIR 5
-0.025 0.187 5.84 19.96523 105 SWIR1 6
0.0017 0.321 2.21 6.295124 105 SWIR2 7
0.187 0.988 0.275 3.431 105 Albido 8
6.15 45.16 5.263 16.37 105 Clay Index 9
0.013 -0.004 0.76 1.11013 105 Carbonate index 10
0.321 1.145 0.816 0.103147 105 Grain Size Index 11
-3.71 20.65 0.092 0.001 105 NDVI 12
0.271 -0.059 0.011 0.133 105 Tasseled-Cap (TC) 4
(Brightness index)
3.48 18.62 11.648 -29.7 105 TC greenness 14
11.44 132.27 0.048 0.065 105 TC wetness 15
0.261 -0.07 204 1979 105 RelativeRelief 16
0.473 0.188 6.745 14.718 105 Slope 17
-0.44 -0.51 1.78 5.62 105 Direction 18
0.042 -0.023 0.001 0.0076 105 landscape General 19
Curvature
1.065 0.18 0.03 0.084 105 Planform Curvature 20
3.871 -0.37 -0.002 -0.0069 105 Profile Curvature 21
Topographic Wetness
0.879 1.234 2.94 5.49 105 Index (TWI) 22
L ole 6519 sbrojluil g (1o, -F Jgua
Table2- Variance and characteristic values of factors.
Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of VVariance Cumulative % Total % of Variance Cumulative %
1 2.013 38.751 38.751 2.013 28.751 28.751
2 1.661 23.726 62.477 1.661 23.726 52.477
3 1.252 17.888 80.365 1.252 17.888 70.365
4 0.949 6.559 86.924
5 0.699 4993 91.917
6 0.346 3.943 95.859
7 0.180 2.178 98.038
8 0.110 1.962 100.000
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Figure 2- Morphometric spectral variables Maps.
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Table3- Factors Scores Matrix.

Mean Std. Deviation Analysis N
Albido 3.43157345 0.275465371 135
NDVI 0.0322790 0.11889083 135
TassGreen -25.0303 11.34274 135
TassBright 0.13276 0.011233 135
TassWet 0.06497634 0.048085868 135
Slope(degree) 14.719 6.7455 135
Hypso 1979.163 204.0225 135

Wiy b (53blg daly (rod cu pb -F Joua
Table4- The explanatory coefficient of the multiple linear regression relationship.

Adjusted R Std. Error of the
Square Estimate

1 0.825a 0.681 0.632 0.4697835

Model R R Square
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Table5- Variance analysis of multiple linear regression relationship.
Model Sum of Squares  df  Mean Square F
1 Regression 24.487 3 3.061 13.56**
Residual 11.476 123 0.221
Total 35.963 96
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Figure 4- Continuation of Reflectance spectral variables Maps.
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Table 6- Multiple linear regression correlation

coefficients and their significance test

Regression Model ~ Coefficient t (VIF)
Intercept 1.641 0.378 ™ -

PC1 -5.568 -3.81™ 1.781

PC2 1.78 6.17 ™ 1.519

PC3 0.33 1.27m 1.093

**: Significant difference at the 99% confidence level

Ns: No significant difference at the 95% confidence
level
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Figure 5- Axes and distribution of variables in a PCA analysis chart.
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Table7- The explanatory coefficient of the bivariate linear regression relationship.

Model R R Square

Adjusted R Square

Std. Error of the
Estimate

1 0.816% 0.666

0.66 0.5100211

o o 93 (53llg Al (210,59 & jxi —A Jgua
Analysis of variance of bivariate regression relationship.

Model Sum of Squares Mean Square F
1 Regression 21.656 4331 16.651*
Residual 14.307 0.260
Total 35.963

** :Significant difference at the %99 confidence level
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Table 9- Bivariate regression relationship coefficients and their significance test.

Regression Model  coefficient t
intercept 1.796 *2.269
PC1 -16.173 ™-1.122
PC2 2.893 6.633

738 il o 43 (5,10 sre glis ek
*% : Significant difference at the %99 confidence level
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Tablel0- Variance analysis of average surface soil organic carbon in plant types.

F Mean Square Sum of Squares  df Intercept
12.98 ** 0.715 2216 31 between groups (plant type)
0.326 16.92 4 within groups (error)

404 134 Total
789 lisebsl mhaw )0 (5 lo sine glay e
180 Hlisebl o )5 (5)ls g Solas o9 :Ns

**: Significant difference at the 99% confidence level
Ns: No significant difference at the 95% confidence level
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Figure 8- One by one line graph of measured and predicted values.
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Figure9- Grouping of average surface soil organic carbon in plant types by ANOM test.
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Extended Abstract

Introduction and Goal

Soil organic carbon affects all physical, chemical, and biological properties of the soil, causes soil
fertility and is one of the most important soils qualities. Soil organic carbon is important in
terrestrial ecosystems from various aspects such as reducing greenhouse gas effects, increasing
soil yield and fertility, reducing soil erodibility, increasing water and nutrient retention capacity,
etc. Therefore, today it is classified as one of the determinants of soil health and is referred to as
the heart of sustainable agriculture and a vital part of production systems. Organic carbon
management is an inevitable necessity, especially in soils with organic carbon less than one
percent (which includes most of the soils in Iran). The aim of this study was to evaluate the power
of spectral and non-spectral soil factors to predict the spatial distribution of topsoil organic carbon
in the semi-arid Chehelgazi rangelands of Sanandaj using factor analysis and multiple linear
regression.

Materials and Methods

The satellite data used in this study was obtained from the United States Geological Survey
(USGS) database. This data is Level 1 data from the Landsat 8 satellite dated 18/06/2019, with
path and row numbers 167 and 35, respectively. To prepare the elevation model map of the region,
1: 25,000 topographic maps of the study area, numbers 5360-1 NE, 5360-1NW, and 5361-2 SW,
respectively named Satile, Todarmala, and Haneh-Gallan, were used. By conducting field visits
and applying the physiognomic-floristic method, the boundaries of homogeneous units were
modified and refined, and the final map of the plant species was prepared.
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In order to estimate the parameters of the percentage of canopy cover, litter, stones and pebbles,
and bare soil in each plant type, the step-point method was used. Soil samples from different types
of rangeland in the Chehelgazi watershed were taken using a stratified random sampling method.
In this regard, a number of 135 training sites were selected in the homogeneous units. Of these
sites, 105 sites were used to calibrate the model and 30 sites were used to validate it. In each of
the training sites, a mixed soil sample includes of 9 observations was taken from a depth of 0 to
20 cm of the surface soil, randomly. In each sample, the SOC content was determined by Walkley-
Black titration method. In order to determine an appropriate model for predicting the topsoil SOC,
the 21 variables were used. These variables include 14 spectral variables and the seven
morphometric variables. Using Factor Analysis (EFA), technique based on exploratory method,
the considered variables were classified into three factors (soil color, vegetation, lithology and
physical characteristics of the soil). These three factors explained a total of 80.356% of the data
changes. Using multiple linear regression, a suitable regression equation (R2=0.66) was
calculated to predict topsoil organic carbon.

Results and Discussion

The map of homogeneous units was prepared by overlaying three information layers of elevation
classes, slope and slope directions and eliminating micro-units, rocky and inaccessible lands and
agricultural lands and consists of 32 homogeneous units. A vegetation map of the region including
five major vegetation types. In this study, reflectance spectral variables included 14 variables
extracted from satellite images. The non-spectral variables (criterion form) also include seven
variables of relative elevation, slope, transformed slope direction, general slope curvature, vertical
and horizontal slope curvature, and topographic moisture index, which were obtained from the
digital elevation model of the region. Then Measure of sampling adequancye (KMO) was
examined by performing a factor analysis test, and variables with a KMO less than 0.5 were
eliminated. This test was repeated until a suitable result was achieved, and finally 8 variables
(surface albedo, normalized differential vegetation index, vegetation indices, brightness and
moisture of the Tesselcap transformation, clay index, slope, and height above sea level) were
selected as suitable variables to enter the factor analysis model. The root mean square error and
relative mean absolute error of the proposed model were calculated as 0.191 and 0.117,
respectively. The comparison of the average topsoil organic carbon capacity in plant species in
the studied area using regression analysis was significant (p<0.01). Based on the results of this
study, by analyzing the one-way normalized mean plot, the studied plant species were classified
into two groups: those with more than the average total organic carbon of the habitat (species 1,
2, and 5) and those with less than the average total organic carbon of the habitat (species 3 and 4).
Conclusion and Suggestions

The results of the regression analysis of the average organic carbon storage in the topsoil of the 5
plant species in the study area showed that the average soil organic carbon in the plant species in
the study area differed significantly (p < 0.01). The average weighted of organic carbon in the
topsoil of the rangelands of the study area is 1.26%. According to the results of this study, the
area and elevation of the region, and the number of samples collected, it is suggested that in order
to provide conditions for changing the average weight of organic carbon in the topsoil of the
region's rangelands, the number of samples should be increased and sampling points should be
determined with a more appropriate distribution.

Keywords: Exploratory factor analysis, landsat spectral variables, morphometric variables,
multiple linear regression, semi-arid rangelands, soil organic carbon
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Table 1- Area and Number of Structural and Biological Watershed Management Operations in the
Chikan-Mourzian and Ab-Mahi Watershed.

Sub basin Project Name Area (hectares)
Medicinal Plants 9.95
Forest Enrichment 6025.83
Patch Planting 2679.47
Chikan-Morzian . Afforestation _ 2598.37
Medium-term Protection & 11313.62
Enclosure
Long-term Protection & Enclosure 493.48
Enclosure 11807.10
. Direct Seeding 2000
Ab-Mabhi
Protection & Enclosure 1035
Dry-Stone Check Dams 68 units
Ab-Mahi Chikan-Morzian Stone and Cement Check Dams 40 units
Gabion Structures 20 units
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Figure 1- Geographical location of the studied area and investigated sub watershed in the Fars
Province and Iran.
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Table 2- Values of lag time, time to peak, peak discharge, and flood output volume for the sub-
watersheds during a 25-year return period under both pre- and post-structural watershed
management conditions.

Lag time Time to Peak Flood volume Peak discharge
Subbasin (min) (min) (mm) (m3/s)
Before after Before  after Before after Before after
9 13.09 17.09 50 60 13.02 13.02 5.4 2
11 5453 71.21 270 290 12.93 12.88 79.7 67.8
F 92.58 120.9 300 360 23.94 23.94 197.5 169.8
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Table 3- Values of Curve number, Time to peak, flood volume of the sub-basins in the 25-year
return period before and after the biological measures.

Curve number Time to Peak

Flood Volume (mm) Peak discharge (m/s)

Subbasin (min)
Before after Before  after Before after Before after
9 85 80 50 50 13.02 8.46 5.4 35
11 85 75 270 270 12.93 11.91 79.7 75.5
F 78 73 300 300 23.94 17.72 197.5 147.7
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Figure 2- CN map of the Chikan-Morzian and Ab-Mabhi sub- watershed before and after the
watershed management measures.
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Figure 3 - The flood hydrograph for the 25-year return period barrage in the conditions before and
after the watershed management activities.
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Extended Abstract

Introduction and Goal

Today, in countries, evaluating watershed management project is one of the most fundamental
aspects of future planning for implementation projects and natural resource management.
Therefore, given the long-term history of implementing watershed management projects in the
country, it is necessary to evaluate and examine the effects of these projects. However, the lack
of necessary equipment to measure and recording changes in watersheds has made the use of
hydrological distributed models to simulate watershed behavior before and after watershed
management activities an effective tool in achieving these goals. Today, use the capabilities of
hydrological models in simulating the effectiveness of management activities plays a decisive
role in the decision-making process. Therefore, this study was conducted using the HEC-HMS
model to evaluate the effects of implemented watershed management activities on peak flow,
time to peak, and flood volume in the Ab-Mahi and Chikan-Morzian watersheds. To determine
the impact of structural and biological measures, concentration time, channel slope, and curve
number were calculated before and after activities were implementation.

Materials and Methods

In this study, the effects of structural measures (gabion check dams, stone and cement
structures, dry-stone terraces) and biological (almond cultivation, fencing, and control sample)
watershed management measures on hydrological indicators (time to peak, peak discharge, and
flood volume) in two watersheds: Ab-Mahi and Chikan-Morzyan, within the Doroodzan Dam
watershed. Then, rainfall and runoff simulations were performed using the HEC HMS model in
two scenarios with and without watershed management measures. In the scenario without
watershed management measures, the necessary data were obtained from detailed operational
surveys collected by the General Department of Natural Resources and Watershed Management
of Fars Province.
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In the scenario with watershed management measures, the hydrological effects of structural
measures were evaluated by their impact on watershed slope and concentration time, while the
effects of biological measures were assessed through changes in the weighted mean Curve
Number (CN) of sub-watersheds before and after implementation. Then, the physical indicators
of the watershed (watershed area, weighted mean curve number (CN), initial losses, and delay
time) were calculated. In order to convert rainfall into runoff, the SCS method was applied for
both scenarios before and after the implementation of watershed management measures. The
CN map was prepared based on the integration of soil hydrological and land use group data in
the ARC GIS 10.8 software. Also, the concentration time was calculated using the Kirpich
method.

Results and Discussion

The results of evaluating the impact of watershed management measures in the studied
watershed reveal various aspects of their effects on the hydrological behavior of the watershed.
The results of this study showed that the implementation of structural watershed management
measures caused a significant change in the amount of delay time in conditions before and after
the implementation of the operation. So that the largest change in delay time was related to sub-
watershed F (28.32 min) and the smallest change was related to sub-watershed 9 (4 min). This
amount of change was due to slope, main channel length, soil permeability, and watershed area,
etc. The amount of the change in peak time before and after the implementation of practices in
sub-watersheds 11, 9, and F were 10, 10, and 60 min, respectively. The largest number of
structures was in these sub-watersheds, and the results showed the effects of implementing the
structures. Moreover, the greatest and smallest changes in streamflow before and after the
watershed management interventions corresponded to sub-watersheds F (27.7 m?/s) and 9 (3.5
m3/s), respectively. The implementation of structural measures had no significant effect on
runoff volume. In this study, the assessment of biological watershed management measures
demonstrated that these measures reduced the Curve Number (CN). The reduction in CN before
and after the interventions in sub-watersheds 11, 9, and F was 10, 5, and 5, respectively. This
reduction led to a decrease in peak discharge from 79.7, 5.4, and 197.5 m3/s to 75.8, 3.5, and
147.7 m3/s, respectively. Furthermore, the application of biological measures resulted in a
considerable reduction in runoff volume. However, they had no impact on time to peak. Overall,
the effects of biological interventions on reducing runoff volume were greater than those of
structural measures.

Conclusions and Suggestions

In this study, the effects of watershed management measures on flood characteristics (peak
discharge, outflow runoff amount, and time to peak) were evaluated, and waterway structures
and biological measures were examined. The results indicated that watershed management
structures were effective in reducing flood peak discharge and increasing the time to peak.
However, their effect on the total runoff volume was not statistically significant. Furthermore,
the assessment of biological practices demonstrated a significant impact on reducing both runoff
volume and peak discharge, while no considerable effect was observed on the time to peak.
These findings highlight the importance of integrating structural and biological measures within
integrated watershed management. Combining these two approaches increased the effectiveness
of measures taken in flood control, soil conservation, and water resource management.
Therefore, it is suggested that similar projects be carried out in other regions with similar
climatic and hydrological conditions so that the results obtained can be used in decision-making
and improving watershed management.

Keywords: Ab-Mahi and Chikan-Morzian watersheds, biological practices, HEC-HMS model,
peak discharge, Runoff



Watershed Management Research Vol. 38, No.3, Ser. No: 148, Autumn 2025

Article Type: Research Article

Acknowledgement

The authors gratefully acknowledge the cooperation of the General Department of Natural
Resources and Watershed Management of Fars Province, who supported the authors of this
article in various stages of the present research (providing data and arranging transportation for
field visits).

Conflicts of interest

Conflicts of interest the authors of this article declare that there are no conflicts of interest
regarding the writing and publication of the content and results of this research.

Data Availability Statement

All information and results are presented in the text of the article.

Authors’ Contribution

Author 1: Field visits, data collection and preparation, software/statistical analyses, manuscript
writing, and results verification

Author 2: Guidance, conceptualization, field visits, reviewing and finalizing the manuscript, and
results analysis

Author 3: Proposing the topic, conceptualization, supervision, and review of results



-
P
podbdon Y

5T e e e}
d/’{{"éﬂtf"’/’ :SL-:Z:;,
2.4

gju%i;‘_}//ﬂ.;ﬁ_} it

>

YAM-YFA Ll

A
u,uu’.?&,g;”ff;;mw_/»

@ glSeS low e y0 Jar 5,10 el b Ol ST gel i lulwgy sBwss

rsig..\.l)éi o vso; el X dgues| LAlao
U‘)"‘ gC}M)LJ ‘C?‘“"l’ olKisls ‘LQ))SL“S ouSiiils ‘G’L““’jj 4.\..:5; wJJM oj)f ‘Lg))jLMS olazdl sl -y

U‘)"‘ gc}wl.) cc}wb olKisls ‘6))51...5 ouSiials L‘S’LA.M’B) 4:....:5.: w).n.\.a 05; ‘6))9L..5 4:.,..:5) 6;.5;) ngmlo -y

bguro 805

B g doddio

ool 6970 Jhons S5 5 O wolis 51 550 ooliil ¢ conddl Ol pss § St g St o8l L oyl pl yeiS o
5 Slles Gzl (s cnl 4 awooe (1B (g oty b (bla> DLl pgi) 5 ool 5590 ()
5 ogbee aislid S g Of jl cbli> lp fge 5 cabatindy slaghs, 51 (S lsieds 55l055ul slog,b
ol szl nl 2 osl wlse sleda gl )l Gt lp e sikae Glsiea lapyb ool Sl L)
Sonr 5o Lok (nl Cudge bl el 4 (BN Az gs aS S )ls clrema | Ghie 5 St lavsly o)l
8 Wiy oo lap)] SSis g slossnl slag b @l plelids og)cnll Siloge Hlgbs |, S g O (5590
Syt o gyl ol GRE gy (eizen 5L lag b (ol dangi 5 e BT GRalS da by, ol 50 (555
5 e eloz] laaiz ol Gl o 5 4525 jslateds (o5 5 580 (b)) atels (ol (sladnal>
2 i sl b il 4 cans lalivg; sBws obs)l Bua b Gragh cnl wyenljl el soladl
28 el gl SeS (b o

g, g olge

S rSsle glp @i glajle o 0g askSeS Glund o iz @l b (lagh (ol sagae
slaa 5 e (Ko sloojle Clo 5 o) )0 ¢Sl ;% Jol (g)lodt p Slaladl ol 2l S9ne 5 SRl 3
Ve Slles poo b ((Siis,8) SoelS (Siw sloojles ool ondplonil iz jusul mlaw ;0 Jsnl8 )5
3,508, 5l g cnl 5o el oadlzl oadaalllas Szl o caaSeyie Teve b (e (S sloosls 5 Syt
A oolaiwl uaghy o) lacas Jlgie BlacsT

g3y allio g g5

Mahmadvand@yu.ac.ir :lslKe Jghumo®

Ol 5o Jiz s losul il S gal i ooy, ol NE-F o Ss Bl el ()8 e cigaan] ol
AYANOA IWA 6 ol (la imgs .4 slKeS

10.22092/wmrj.2025.368670.1617 : Jlums s duwliis

\M S A TRR S P P TSN AR S8 78 Vi R ISR O TSN FIR O3 VAR J RSO T TSN PR SR VAR 8 QRIOT PR 7R 1
AOAGAYA slaamio N F-F 0L AFA Ll )l F 5,Lei YA 5,00 VT F Jlo (s, lopsu] slo oy

Oy © 098 Ol (bl 5 55,5l (g0l 5 Dlihons 55 50 1l

(©MOoM



0000-0001-8852-5861
0000-0001-5285-0785
0009-0007-3106-2959
https://doi.org/10.22092/wmrj.2025.368670.1617

VPoF 5l AFA ol 85lois oY 8ylais FA 590 GIRATS

LT g ol oo S0 51,35 V8 b 5 pallS (o puSaiges ¢ atily il dogs dumlaas 51 oslitsl | s dlya 4o
5o olulis sudanlllas eogama o 7ok ozl &l il condaalllas abbats gliws, ;5 szl (g Il 7,k L
2 ol 50 e pgd 5 lulid il clbailie oo ol b elol il alsl (glools gLl & o, b
ozl ook Sl s (gl i) @08 lasin iy g0 5l USite slasbiun g w000l sloadlie ulol
oalS Gaday 1 e iy O S dels ulul g Pl sldy oF (e 0l (S (peo JiS) sabasllas adlais
olilimg, 5155 Ve ool B0l g S aiged s, b ¢ idd b (1) atdl i3l Gabay b (V) azdly
3l edelciwods grosls Judzt g 4ims oo (0 il dslas g Ol gkl dged lgicds sudbaslllas adlaie
e o) bzl [l slaggasl 5 (Slimei crd ouSibn ol i) shros slaale] 5| asbito s
s o0lial (el dmglie 5 o3LEST

ol i s i i 5] 5 o] b Sl Jlail sloeilie gy S i 5
J5dle s 51 osliiasl b juo a8 s o ool Ll g 45 ings lademlaas 51 odelumods psgie ¥ laailze
aosls Juloos (gl BLazST Lole Julows 31 «pmizmads s plonil sdolmsons gl (satsaions jslaieds s SPSS22
2 b Sl dele Sl gl ol o a8 Fo g slaines 5 3 g 50l b Sl lulid
o peS 5 (LYFNVY) gl &wd a4 bogyyo pews o ity 31 plad STy s )0 10 (gaidinds dlws Sl
Laazly «l s 0r938] b pmed USG5l ZVYIOF ggama 10 a5 355 (LFIOOA) iid &iasd 4y bogs o oot
o850 51 ST ol o9y golazdl g elaiz  jlasme sladlas 1o zyb ol szl Jlolias 5 e Sl Sl
o850 3l 5 e i o g S i il celozl o8y 51 iS55 D5t 5 (6 p50 4 il solaiil
D5 D5 By, 5 e o)l ol Sy slarme

Wwoleidey 9 5 5 a2

Sy st b 5 sobatdl el U8 ol 3 Jiz sl b St 1 Sy gy (ol
e Lulyd s n )l b szl & 0 o Sl 5 (o5 sleeols Sl g aies mls
Cde cglaizl § Conjlarzme 4 S (Saly 9 551005 bl (IS jsbar 5 sleizl slac bl dacsla
3 ogd oo Slpiion b sdalin o S ol Sae 5 (5y50 4 Slole ili8l (solaidl JBaus I cwl ooy
sl 5 kRS lepd o Bz gl legsb i el g cusi Glp Gheghy onl leasdly
(7295 3 s390] Grasly dmgi (lgi oo dily (l )0 258 (5 S0y ok sl (gl Slranslr (55lly
anngi g Sl Cales g labid (o K505 slacsle n) dnng el Cupde ;o e oS lie Zags
slasled 5 (Hgo et (g slaglejle pleo (5580 slml ool g 05981 (35,1 b SV gazs 5 (29)l plalS
ols ol |y (srmbadlio 55l 5 st 4 e S 5 o5l lag b i i5e sl sl e

Sols (5lg
M Hleo «goLaidl- clodr| oomiow 1 o ylionii judusl ¢ Jizr jusurl

<D



T

6.)[.4;5‘ ‘w)‘ia.\m Aoy O 6)“5}1-"".’—‘ 6L°C)'9
Seie BT ol oalazdl oy 5l aS o5 elaiz!
[g GCLAO‘ 9 w).‘aﬂo olfu\ib )‘ (5’5 KW tS'l)))‘

S 9 Sgdel (hagh ;0 35 99, 2l
Sl 58 O i b sleixl SISH(YVY)
ofas o g wo,S Sl 1y Le IS5
Fiuie ik slezl il a4 o plulin)ls
(ot aloyw g5k ol SISl nl 5 G938l 09
5 Sate eliliws; golatdl Lylyl 5 (S0 kS
ol b A1 e (eleiz] Sl g (S
ook Sl e 000 oS s 3l a5 el > o
lg) olaidl Llyd g (S CodS 00yl
Sl g dloyw 0y g Cute (65y0laS
ST (V) LlSes 5 63, o iie clazx]
Ol bl @l 08 sy 1) )logel e
odg oIP cage sl slagb a5 ol
Dl B (1l wel)s (il iogu; (1als ( alS
5 o Shegn yo el oSl Sl S
Cez 5 g sl Co pae OV VA S
Tk slal a5 asdlys 5 WS wyn ) (2a]
(B bg g e (Slny ol 6xTelr coee
S gpilol sonn g (LS 55 bl 5 L
sl 5 i mals o e ol3l oS lie il
S, les (YYA) ()e g ylo ol Jlal coine
gy Jom g Gyt oilail g losesl slagb
53,8 bl 1) o)l bl Wgew s Sul s
s o5l Sllas o5 ol olis Ll s
ICWIIVA 1 VA i (-5 KY PO X ¥ DO Y13
slegyb golr BT (VYY) ohles 5 (Ul
Oz 45 audl o g win,S ol ) e sul drwgs
5 099 cawbio Ly (golaidl olSays 51 ooz b
Slosiia S ol als g by, hals crge
o o LSe o p S L O LT 5l NAL Y
(Vo) mes,Sad 5 DAL AL (camghy o wind
sl 5 ol Lides » g lossul wleladl ol
20,8 bl ) S sl o gey 5 b b
(Sl b gl boas ol las Ll b

a1 glSeS low s 50 oz (5,1 jusal )b Ol T (gl oyl biwgy oBays

doddlo
Ay gl g ol Oluks Jdoa ez il o
5 e 2l @l ool Gl 55l et cCopmozr
slad=el, 28 4 (ol mls mmo Cupde (o5
5 ) Sl guad Gl ol Copse sl e
alS aile el Sl (VoYY oea
e RlBl g B g i s Gl g (Sl
<l o8 Gblis saSaags Jele ploz ol 50 &
ol b1 ol sslie Co i glacalin 5 ol
P 99 51 G VoVO JLlo B g wiSo0 909, g0
el wald 5 o bl o Gl Cusex
0l 2 09P VoV GhlRen g g ) 090 sinles
Slrs sloanl G ees 5l (S S b
Sl Diles g Canilaze Sl a8 cosl e e
soul ol ol 50 (Yo VA wgn) o)l ol ey |
mdes 5 SaS bl ;o ohioa dady; 4 by e sla
Glodsol> CoeSn jemo o)lgen 0l ale Sis
Jole 51y ley 4,38 4o bl ol .alosgs (6 i
ol &5 Bgd oo Dl lzrs  Gludl g (Jarme sla
& Srrdole GalS 5 il US4 g
lodely 6 Ssle sl Kal, alax 5l amo e
i 45 sl (g ol glagyb (sl o0 el
Sy 9 S Gl b slail rals s gl
G 5l (YY) e o Thwlp) aijls sudys
Sl b plpl jo (ol dnsle 95 Ten 500
Sl 99y Sl 9 ) i alex Sl g0l
Dy9pe Ko (pliwgy Ay 4 azg )
2 0938l Glogl slagsb szl el p AL
bl gl Wlgie oS 5 SB ol mlie Lis
Sl wox gaelys g das slacus s Sl
oo cosbol cpl o (VVY o )Ken 5 SBolo) oS
op 5 ebale Lix case g bpl sl
o o5 i)l b g it o wlie 5l e 55l
ez @k 3 Sy Bws @ i b
OHer 5 o mli) clb caws brsul,e Sl
g Klg peh gbbaisl sl pl yo (VY-
Sl Sl syl g IS (i 55 (T+19) o) K



VPoF b OFA sl 5yled ¥ 5,led FA 60

dibio o bl cax p SB 5 Ol gl
s el oals 00,54 So5LeT slacy o
G S bl slages; 0 biapss G
i sloojle olml sl SeS pliwpd 635 5
o A Slbee oz b (K 609 Sl
CaSagia Yoo b (e (K slooilo 5 o
5 s L2l YFAA B IYAY o Lo 4 45 o
JESl 5l sl b ol gzl (slojl lual
5 deo oy (2 g )le ST s @ Slige,
lalivg; oolitul ¢ @ e slaclly, ke
eaSslr 5 oy oty O 0pd 5l pslre
Dgr laojle galin slage) i Glle )
sl e (wlal p Ghagh (ol Sas )cnl)]
S5 gk ol BT (Gl dilate Gl
Soeal 4 g bog)enlil g ddhie (Lo,
ol dogb ol Coidge I 2T 4 5l 5 gsse
L solossul b @l Sbs)) Baas L e,
e ylaeme 5 (sloizl golaidl gloaz oS
Ol 3 iz el plalivg, oBas
Olgise S nl @loliss bl el 45l SeS
25 12 el 5 e oanl o 1 lag b 4isS

o g, 9 olgo

suddailas adlive g 7 ,b ‘_é):.o

Bz el evgame stagh adlaie (iaghy ol o
3o L,LSe 04F: colun b 4alSS liwed o
Ol @l 5l 09l SeS bt 02 Jleds 5 Jlods
dw loasliw 3l a5 sg dexlpg g 4elKeS
@ Jlad 5l ol ol Slatse .yl oo jlabas o)k
‘uL._‘ﬂ 3 ‘Q)La.c ‘_gL&vf:u] 9 ul.; 095 ‘_gLa:‘_gA.LL}
92N Cbs 4 B e slagail 4 g g ol S
055 ool 4 Gy 5l g pgsle 09y 4 oyt )
Ol (£330 5 (SSme Bblio 29b 0 Sgaze ol
P el iz g SaeS (B0 Jols usul
GyglaS sieme oBuys jl dalaie ol jo loling,
Jels 5l 50 58 60bj 09,5 g eom S5 g lawls
Sl a4 by J.auT Colue 5l 7PV aiien

GIRATS

eSilo o 1FR 4 YO 5l ol Lidie gb eSilee
PSS AV @ WY 5l gl ey Sl Sis adsle
(V-TV) Ghes 5 (05 il il LS o
Shstomal il DIl Gk 5l as Wi 3)liS
Seuts 9 Lo slailpiz oloul (s jlasre olSays
Sl ghaw GRlB s Rl e wSlap;
oy e Llee 5 Glewl Y5 51 gl
Sl ol molidl (solaxdl oBaus l yizen
5 @lielyd oSl (il wdss slaanse als
omlBl () en g oS jlin (sloix] oBays
s 53 09 (Sap b ol 5 ol S 2T
O Sl (F-Y)) (e 5 gogsls (roghy mls
olaidl sBuus 5l g o5zl 7)b slal BT as o
S lie oDy lee) (eloiz] sloadlie g 05 (shie
b sloaddie o (elotxl saels; 5 po5e
5 iy 2l ey mh (iS5 mle)
(Yo70) ol Ben 5 (Bolo og Cota (LS by
sblcds somul jo oslhe g)lonsl Gl Shs
S oaamdhye g WS owyp e olls
Losbleds pul Copae Ge5 sbes S,
20,8 )1 comizmes Lawl axlge gax slagilly
5 bl colasdl cloaially g pSop o5
SVgazme bl Vgame  wdy sl
Al o (0 8Py S g eddady
aaly> (oo gladnslr (golaidl Cosl g (egec
s Slisly 5o alalnl la gl aluiay o
(golaidl oBuys aw 3l gylopsul sz b ol )il
g 0oy BT Sl eihme 5 sloiz]
S oRIB k) gl ol oSS
5 Sl Al (S8 CuheS Sse 65,9l
B g Sy Sl (S lep I xSl
350 ol Lptagsy ;5o b amlie ;o Ghaghy cnl sales
e baral> b axlas 3l cnly s as
GRegn ol 50 &5 plapite K08 plod oy
S5 poye (SWj p ugele jsbdr Wad (o) p
iy Al S ey e gk 4 a5 Gl 5 W

S ebli> Gl i slogiegh mbs el »



T

S oaslas K e el o), SLlS
g o oolaiwl osls (6,910,5 slp (sl prilosl
5 bosls sy 5 olazel Colls Lyl sliiedy
eadoly qdllae Syo jo olidl 5l sy (eioren
IS5 bl Gl esls (Bxiss axlas (g
Obebl ol Cunys csloy g 2ly; 5l B ab e
ot lan lgioes Jodo 5l oolasl b ¢ s ] Casoay
L Lo, wlel 5 S lae g obwl 5 bazlas (9,0
ol (oopp 00 5 Wl gl alie clegose
sloailye s, ool b it Gl (o)l aslie
BEUORIRV P [ E S P ST AT KT R
($28 (S5 slablitul 5 S5m0y lp
olaasce Lot s snigl il cloasS ¢ bailse
Cds g Como 4 IS ol CE5 E (ol hanalo)
dnal A g (o i 5 0, S b
Jlo o ol el 55,0 St olul 6kl
AE et @5 VYYE 5 Jgls YVO L Ll 1¥A0
wd S s Jlos wly plrear jlgils Gl e
3 Sl S ses sz 5 eslial b o wiad
Uy, b d@lpha=-«/+0 4 t=1/28) (Y- - Y) )5
dgod Gloicas ;a3 AV ol Solai (5, Sdiges
ilS gl oS ol 53 bl wiad 0,50 gkl
5o w0l lee gley S (6 S diged ol
S pdopess Gl e ;3 o)kl o5l 5 Conax
03538 digal 2> 41 S8 (5951 4 (Sl
5 Bl (Bolai jobay i3 Vv ggerme )3 g ud
Ao ol 5o osls (5y900,5 5l ol aslas
sadio olulils o zloel 5l ax og el w5
ad b W &L ey il o]
53 Slaiie sl 5 51 JSete adliy
sadsanlllas dilaie (5 l05sul 7 )b SISl pgs isu g
oeals waday 5l o i O ST Al ulal
oadb gl (+Y) a8l yiwlidl ada b (-Y) aidl
albpor p 2lgoe 5 SH9e ) et Sln 0g
5 Sl 5l e S Lasl o ol Gl ats s
ey g b ool IE egdge (laase
Uide 5o b plxl ¥ Dol bl sleoleries

a1 glSeS low s 50 oz (5,1 jusal )b Ol T (gl oyl biwgy oBays

2 B Gl Gl w9 Coul langie g apns
90922 9 el derd 5 el (ougllT el sl
LS £ee ddlhie (65,0liS o) Colie Lol
b Colas il ie g 92 palS CAS 5
O g (S el S Cas 5 OLS e
g FOITY s ga poul ol pe AVl Sasl
Jsbaieds @iidE gla L ;5 el e Lo AYY/YO
P Gl dee 9 oy Slrs 5l 659
el 5 )0 (o osl,dy Jols g lessy ekl
2 Sl 65 slean 5 (e (Kow slaosle
Gl ol el oasalal iz gl b
WAA o 5l bosles )l posge 5 cslojles Slikos
el losle slaz b gl Glaal alax 51 ca
onte du 5T & Sligm, JE! (s Sskr Jiz
o 0 e Slaclly) Sles 5 Jomw S p0S
doasy cuty Ol 0,33 5l jglee slaliwg, oolatul
oz g jlomed (e e Gialud 5l (6 S ol

ol lojls ygelpm )0 cabolm| 28> a5
Olyedy dmgn (SLST 0,50, 5l Gragh ool 5
Gl )%y, cpl b eslinal agn oyl
Ao po 5o %0 Ol ilionsladias (S-S
3,509y 3l pyg> al>ye 40 g (RS 9505, 5l S
agn onl o bl Ay S e Cons oS
S st o 5 AT i bl anl ol
sl (i g SisS (o575 ,99) (slabivg, o (SLe
g oadadlllae (5l 5sul #ob 5l slepgal g Jax
odd oaloglas VIS o ol el gy slabing,
alas joolaiul b« jidgh Canss dl> oy o]
S a V8 L o5 Lis sanlin 5 anil sl as
» sl b bkl g b, ol
(Sloailse) @l woodanlhs ool slabios,
Wi lolis sadaalllas osgame , zyb Jlaz|
b9y 3l ewgdaslae ol QL sl (pizren
g Jizl D9 (g, So &5 (B A8 (5T aise
Slools bl ay o) U g ol oolaiwl gy diedun
S &S ol Ay Gley slesls glusl Lcdl axlsl



VFoF 30l OFA olo 55l Y 5Ll (YA 5,90

sbganailb ool 4 o daleds ‘S,L;.)')I

ST
. v

d.ol.au**-“‘)" )‘ o..x;b‘_g)ﬂ@.?- (_gl.mob‘.) J_._L';u PRty
rd ‘U'KJLM ‘cs"ﬁ‘)s) oy (5LQO)LQT )l
Shle by bloul slao el 5 (Ol
;5 ul;l.w o oolawl (U"i'l""" s Lo 5 @Lm.._ﬂ

5 Slast dole Lo 51 (65250 0 Sl il

1§30 3] T 5b e glabiuwg ) - S
Figure 2- Villages under the watershed management plan.
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Table 1- Components extracted from the interviews.

Components and concepts of perception

Increasing agricultural land prices

Increasing the area of agricultural land

Increasing the area of gardens

Increasing the yield of irrigated crops

Increasing the yield of rainfed crops

Increasing income from agriculture

Poverty reduction as a result of job diversification
and increased product yields

Preventing flood damage to agricultural lands and
village gardens

Controlling and preventing flood damage to
communication routes

Controlling and preventing flood damage to homes

Reducing soil erosion downstream
Recharging groundwater aquifers
Reducing water pollution

Solving problems related to water shortages in the
region

The booming of the mineral springs downstream
Increasing the number of agricultural wells

Improving roads and communication routes

Easy access to vehicles

Increasing the level of greenery in the pastures
around the project

Improving the vegetation cover of the region

Increasing knowledge and awareness about the project
Increasing skills in diverse agricultural occupations
New experience in cultivating and utilizing new crops
The presence of people in the village for recreation
Beautiful scenery and landscapes

Officials' attention to a specific village

Collective and ethnic conflicts as a result of unfair
distribution of water resources

Public participation in the implementation and success
of projects
Satisfaction  with
management project
Using people’'s opinions and introducing them to
watershed management plans
Increasing interactions between
relevant institutions

Interaction and communication with neighboring
villages

A greater sense of belonging to the place where you
live

Reducing the tendency to migrate from villages

the implemented  watershed

rural people and

The village's reputation in the city
Converting land into a garden

Cultivation of medicinal plants in the region
Increasing fodder for livestock in pastures
Reduction of wasteland

Developing job  opportunities
cultivation, beekeeping)

(summer  crop
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Table 2-KMO value and Bartlett test.

Analysis set

Amount

Bartlett's Amount Degree Level

Impacts of the watershed management plan

0.863

2702.966 595 0.0001
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Table 3- Principal factor loadings and amount of variance explained for each factor.

Row Agent name (Impact) Special Specific variance  Cumulative variance
amount percentage percentage
1 Economics and productivity of the 8.461 24.173 24.173
cultivation pattern
2 Social participation and interaction 4,172 11.927 36.095
3 Environmental damage 3.396 9.702 45.796
4 Sense of place 2.319 6.626 52.422
5 Health of water resources 1.993 5.695 58.117
6 Tourism and nature tourism 1.992 5.694 63.811
7 Infrastructure and resources 1.812 5.176 68.987
8 Development inequality 1.595 4.558 73.545
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Figure 3- Rock chart of eigenvalues for determining the effects of a watershed
management plan.
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Table 4- Variables related to each factor and the amount of factor loadings.

Agent name Variable Factorial load
Economics and productivity of Land conversion to orchards in the region 0.68
cultivation Cultivation of medicinal plants in the region 0.73
Fodder for livestock in pastures 0.72
Converting low-yielding and barren rainfed lands 0.68
into hand-cultivated pastures
Job  opportunities  (summer crop cultivation, 0.72
beekeeping)
The price of agricultural land in the region 0.64
Area of agricultural land in the region 0.73
Area of orchards in the region 0.70
Rainfed crop yield 0.80
Irrigated crop yield 0.77
Vegetation of the area 0.74
Social participation and Public participation in the implementation and 0.73
interaction success of projects
Satisfaction with the implemented watershed 0.82

management project

Asking people for their opinions on regional 0.71
development
Interactions between rural people and relevant 0.77
institutions
Interaction and communication with neighboring 0.67
villages
Environmental damage Flood damage to agricultural lands and village 0.68
gardens
Flood damage to village communication routes 0.79
Flood damage to homes 0.76
Soil erosion downstream 0.59
Sense of place The village's reputation in the city 0.68
Sense of belonging to a place 0.73
Health of water resources Groundwater status 0.79
Water pollution in the region 0.85
Tourism and nature tourism The presence of people in the village for recreation 0.87
Beautiful landscapes and scenery in the area 0.76
Infrastructure and resources The roaring of the springs downstream 0.72
Number of agricultural wells 0.84
Easy access to vehicles in the area 0.61
Roads and communication routes in the region 0.62
Development inequality Bias towards some villages 0.94
Collective and ethnic conflicts as a result of unfair 0.64

distribution of water resources
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Table 5- Ranking of items on the economic and productivity impacts of the watershed management
plan from the perspective of the users.

Items Mean Standard Coefficient  Rank
deviation of variation
The price of agricultural land in the region 1.09 0.93 0.853 1
Vegetation of the area 1.03 0.75 0.728 2
Avrea of agricultural land in the region 0.94 0.90 0.957 3
Job  opportunities  (summer crop cultivation, 0.85 0.95 1.11 4
beekeeping)
Fodder for livestock in pastures 0.84 0.94 1.11 5
Area of orchards in the region 0.78 0.87 1.11 6
Land conversion to orchards in the region 0.76 0.97 1.27 7
Converting low-yielding and barren rainfed lands into 0.74 0.99 1.33 8
hand-cultivated pastures
Rainfed crop yield 0.62 0.90 1.46 9
Irrigated crop yield 0.60 0.87 1.45 10
Cultivation of medicinal plants in the region 0.56 1.008 1.8 11
Total Average 0.80 0.746 - -
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Table 6- Prioritization of social participation and interaction items in the watershed management
plan from the perspective of users.

Items Mean Standard Coefficient of  Rank
deviation variation

Interactions between rural people and relevant 0.97 0.98 1.01 1

institutions

Satisfaction with the implemented watershed 0.92 0.95 1.03 2

management project

Public participation in the implementation and 0.90 1.01 1.12 3

success of projects

Asking people for their opinions on regional 0.83 0.95 1.14 4

development

Interaction and communication with neighboring 0.61 1.04 1.70 5

villages

Total average 0.84 0.781
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Table 7- Prioritization of items for preventing environmental losses in the watershed management
plan from the perspective of users.

Standard Coefficient of

Items Mean deviation variation Rank
Flood damage to homes 1.02 0.95 0.931 1
Flood damage to village communication routes 0.97 0.95 0.979 2
Flood damage to agricultural lands and village

gardens 0.97 0.79 0.814 3
Soil erosion downstream 0.95 0.96 1 4
Total average 0.97 0.741
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Table 8- Prioritization of sense of place items of the watershed management plan from the
perspective of users.

Standard Coefficient
Items Mean deviation of variation Rank
The village's reputation in the county 0.81 0.96 1.18 1
Sense of belonging to a place 0.69 0.92 1.33 2
Total average 0.75 0.845
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Table 9- Prioritization of water resources health items in the watershed management plan from the
perspective of users.

Items Mean Staqde}rd Coeffi_ci(_ent Rank
deviation of variation

Water pollution in the region 0.74 0.86 1.16 1

Groundwater status 0.65 0.85 1.30 2

Total average 0.69 0.758
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Table 10- Prioritization of tourism and ecotourism items in the watershed management plan from
the perspective of users.

Items Mean Standard Coefficient Rank
deviation  of variation

Beautiful landscapes and scenery in the area 1.04 0.82 0.788 1

The presence of people in the village for 1.02 0.69 0.676 2

recreation

Total average 1.02 0.681
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Table 11- Prioritization of infrastructure items and watershed management plan resources from
the perspective of users.

Items Mean Standard Coefficient Rank
deviation  of variation

Easy access to vehicles in the area 0.67 0.96 1.43 1

Roads and communication routes in the region 0.66 0.94 1.42 2

The roaring of the springs downstream 0.60 0.97 1.61 3

Number of agricultural wells 0.54 1.009 1.86 4

Total average 0.61 0.736
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Table 12- Prioritization of inequality items in watershed development plans from the perspective of

users.

Items Mean Standard Coefficient Rank
deviation of variation

Collective and ethnic conflicts as a result of 0.16 1.01 6.31 1

unfair distribution of water resources

Bias towards some villages 0.02 0.89 44.5 2

Total average 0.09 0.802
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Table 13- Results of the assessment of the effects of the watershed by one-sample t-test

95% confidence
interval for the

Degree of . .. Significance mean !
Class Category freedom mean t-statistic level difference difference
Lower Upper
Social
participation and 99 0.846 9.702 0.0001 0.846 06730  1.0190
% interaction
5 Sense of place 99 0.750 8.872 0.0001 0.750 05823 09177
Development 99 0090 1122 0.265 0.090 00692  0.2492
inequality
Environmental 99 0977  13.188 0.0001 0.830 08304  1.1246
m damage
= Health of water 99 0.695 9.164 0.0001 0.695 05445  0.8455
g resc_)urces
2 Tourism and 99 1.02 14.970 0.0001 1.02 0.8848 1.1552
5 nature tourism
= Infrastructure and 99 0617  8.386 0.0001 0.617 04714  0.7636
resources
53” Economics and
3 productivity of 99 0.8009  10.722 0.0001 0.8009 0.6527  0.9491
g. cultivation
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Figure 4- Spider diagram comparing impact assessment indicators of the Chaghal watershed
management plan in Kohgiluyeh County.
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Extended Abstract

Introduction and Goal

In Iran, with its arid and semi-arid climate and ongoing climate changes, the efficient utilization
of water and soil resources is critically important. This reality heightens the significance and
necessity of conservation measures employing modern methods. Consequently, the
implementation of watershed management plans and operations is recognized as an accepted
and effective approach for water and soil conservation, while the evaluation of these projects'
impacts serves as an important criterion for assessing their value. Furthermore, the execution of
these initiatives entails both positive and negative outcomes, and failure to address them
complicates the assessment of the projects' success in enhancing water and soil productivity.
Therefore, identifying and categorizing the effects of watershed management projects can serve
as an effective step toward improving methodologies, mitigating adverse impacts, and
advancing these initiatives. Moreover, examining the role of these projects in the development
of rural communities requires precise and quantitative evaluation to analyze their impacts from
social, environmental, and economic perspectives. Therefore, this study was conducted with the
aim of assessing villagers' perspectives on the effects of the Chaghal Watershed Management
Plan in Kohgiluyeh County.

Materials and Methods

The scope of this study was the Chaghal watershed management plan in Kohgiluyeh County.
Over the past years, numerous measures have been implemented in the Chaghal watershed to
prevent erosion and improve vegetation cover, including seed broadcasting, seeding, and the
construction of mortar stone structures and gabion mesh check dams. Gabion stone structures
(stone mesh) with an operational volume of 900 m® and mortar stone structures with 3000 m?
have been implemented in the studied watershed. This research used a sequential exploratory
approach as the research strategy.
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In the first stage, using semi-structured interviews and snowball sampling with 16 well-known
people familiar with the watershed management plan implemented in the village in the study
area, potential impacts of the plan in the studied region were identified and continued until data
saturation was achieved. Based on the results of this stage, the impact components were
identified and listed. Subsequently, based on these components, a questionnaire consisting of
two sections—individual characteristics (Section 1) and the effects of the watershed
management plan in the study area (Section 2)—was designed. The items were then structured
using a five-point Likert scale ranging from severely decreased (-2) to severely increased (2+).
Then, 100 villagers from the study area were selected as the statistical sample through simple
random sampling and interviewed. For the analysis of the data obtained from the questionnaires,
descriptive statistics (frequency, mean, coefficient of variation) and inferential statistics
(exploratory factor analysis and comparison of means) were used in the analysis of the data
collected from the gquestionnaire.

Results and Discussion

In the qualitative phase of the study, potential impact components of the watershed management
plan in the Chaghal watershed, were identified and analyzed. These components comprised 41
concepts derived from interview. Quantitative data analysis was performed using SPSS22
software to categorize the obtained concepts. Additionally, exploratory factor analysis and a
one-sample t-test were employed to analyze the data for identifying the effects of the watershed
management plan. Based on the factor analysis results, the plan's impacts were categorized into
eight groups. In explaining the total variance distribution, the highest contribution belonged to
the first category (24.173%) and the lowest to the eighth category (4.558%), collectively
accounting for 73.54% of the total explained variance. Furthermore, the findings indicated
positive and significant effects of the plan's implementation on environmental, social, and
economic dimensions. Economically, these effects included increased productivity and
improved cropping patterns; socially, they enhanced participation and strengthened the sense of
place; and environmentally, they reduced flood damage and promoted tourism.

Conclusion and Suggestions

The results of the study show that the positive impacts of the Chaghal watershed plan from
various social, economic and environmental dimensions. The quantitative data analysis also
indicate that the implementation of the watershed management plan has positively contributed
to improving environmental conditions, infrastructure, social activities, and overall sense of
loyalty and attachment to the environment and community. From an economic standpoint, a
significant increase in productivity and improved cropping patterns were also observed. It is
recommended that the findings of this study be utilized to enhance the efficiency and
effectiveness of watershed management plans in Kohgiluyeh County and to achieve
sustainability in communities surrounding such projects. In this regard, the following measures
are suggested: developing educational and extension programs, strengthening local participation
in watershed management, expanding tourism infrastructure, identifying and supporting the
cultivation and development of medicinal plants and value-added products, and finally,
fostering collaboration among governmental organizations, non-governmental entities, and local
institutions for more effective implementation of watershed management plans and the
enhancement of productivity and sustainability of natural resources.

Keywords: Chaghal watershed, flood control, socio-economic impact assessment, watershed
inhabitants
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