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Figure 1- Location of Gareh Bygone Plain and Aquifer Management Kowsar Station in Iran, Fars and
Qare-Aghaj Basin Watershed.
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Figure 2- Satellite Image of the Flood Spreading Area in Gareh Bygone Plain in Year 2002.
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How to prepare pots with sterilized sand planting bed (to a depth of 3 cm) and placing the soil of How to irrigate the pots for planting seed bank samples in the greenhouse using the fogging
the seed bank to a depth of 1 cm on them to transfer to the greenhouse method to prevent erosion of the soil surface of the pots and the uniformity of receiving moisture
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Figure 3- Images of the research implementation stages (sampling from the soil seed bank in the field,
sterilizing the blown sand, preparing the planting bed and watering the planting trays)
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Figure 4- Newly emerged seedlings of several plant species in special pots for planting soil seed bank
samples in the greenhouse.
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Chenopodium album, Otostegia persica,
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capensis)
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Hordeum spontaneum, Aegilops triuncialis,
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Lagoecia cuminoides, Sonchus arvensis,
Koelpinia linearis, Silene sp., Chenopodium
album, Convolvulus lineatus, Brassica sp.
Sinapis Aucheri, Sisymbrium altissimum,

Descurainia  sp., Conringia  orientalis,
Juncus effuses, Otostegia persica, Trigonella
monspeliaca, Plantago notate, Trachynia
distachya, Lolium prenne, Setaria viridis,
Lolium sp., Bromus rubens, Ceratocephala
falcate, Adonis aestivalis .
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Table 1- Variance Analysis of Biodiversity Indices between Flood Spreading Network Strips and Control
at a depth of 0-5 cm in the soil seed bank.

source of variables source of error DF  sum of squares mean squares F
Strips and control 6 13.2000 2.2000 13.94 **
Simpson species diversity error 98 15.4616 0.1578
total 104 28.6616
Strips and control 6 109.331 18.221 9.02 **
Shannon-Weiner species diversity error 98 127.226 2.019
total 104 2.261 1.130
Strips and control 6 33.8571 5.6429 26.01 **
Menchinic species richness error 98 21.2586 0.2169
total 104 55.1157
Strips and control 6 38.3571 6.3929 12.15 **
Margalef species diversity error 98 51.5614 0.2169
total 104 89.9185
Strips and control 6 8.9143 1.4857 15.07 **
Hill species evenness error 98 9.6655 0.0986
total 104 18.5787
Strips and control 6 48115.7 8019.3 71.02 **
Seed species density error 98 11066.0 112.9
total 104 59181.7
Strips and control 6 174.514 19.086 11.29 **
Number of plant species error 98 250.192 2.553
total 104 424.706
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Table 2- Comparison of the Mean Indices of Biodiversity between Flood Spreading Strips and Control
at a depth of 0-5 cm in the soil seed bank.

The Bisheh-Zard of flood Simpson S-harmon—- Menchmw Margalef Hill - Seeq Number
. . Weiner species species species species species of plant
spreading network and species L . . . .
. . diversity richness  richness evenness density species
control diversity
Strip 1 1.00 a 140 a 2.00 a 2.20a 1.10a 85a 5.00 a
Strip 2 0.90 a 1.30 ab 1.70 ab 2.00 ab 1.00 a 83a 4.00 ab
Strip 3 0.70 ab 1.00 abc 1.70 ab 1.80 ab 0.80 ab 80a 3.00 be
Strip 4 0.50 be 0.90 be 1.30 be 1.60 abc 0.60 b 60 b 3.00 be
Strip 5 0.50 be 0.80 ¢ 1.00 ¢ 1.30 be 0.50 be 60 b 2.00 cd
Strip 6 0.44 be 0.60 cd 090 ¢ 1.00 cd 0.50 be 50b 2.00 cd
Control 0.15¢ 0.30d 0.20d 0.30d 0.20¢c 20 ¢ 0.80d
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Table 3- Variance Analysis of Biodiversity Indicators between Flood Spreading Network Strips and Control
at a depth of 5-10 cm in the soil seed bank.

source of variables source of error DF  sum of squares mean squares F
Strips and control 6 1.12157 0.18693 10.23 **
Simpson species diversity error 98 1.79120 0.01828
total 104 2.91277
Strips and control 6 2.60229 0.43371 9.02 **
Shannon-Weiner species diversity error 98 4.76220 0.04859
total 104 7.36449
Strips and control 6 4.25357 0.70893 8.29 **
Menchinic species richness error 98 8.38260 0.08554
total 104 12.636
Strips and control 6 11.6571 1.9429 15.04 **
Margalef species diversity error 98 12.6636 0.1292
total 104 24.3207
Strips and control 6 3.23014 0.53836 11.66 **
Hill species evenness error 98 4.52540 0.04618
total 104 7.75554
Strips and control 6 34302.9 5717.1 55.93 **
Seed species density error 98 10018.0 102.2
total 104 44320.9
Strips and control 6 112.629 18.771 11.70 **
Number of plant species error 98 157.269 1.605
total 104 269.898
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Table 4- Comparison of the Mean Indices of Biodiversity between flood spreading strips and Control at a depth
of 5-10 cm in the soil seed bank.

The Bisheh-Zard of flood Simpson Shannon—. Menchmlc Margglef Hill species See'd Number
. . Weiner species species species species of plant
spreading network and species . . . . evenness . .
. . diversity richness richness density species
control diversity

Strip 1 0.40 a 0.60 a 0.80 a 1.20 a 0.58 a 62a 3.00 a

Strip 2 0.38a 0.52 ab 0.65 ab 1.10a 0.50 ab 50b 3.00a

Strip 3 035a 0.50 ab 0.60 ab 1.00 ab 0.50 ab 42b 3.00a

Strip 4 0.30 ab 0.40 ab 0.50 ab 0.70 be 0.30 be 30c 2.00 ab

Strip 5 0.20 be 0.30 be 0.50 ab 0.60 ¢ 0.30 be 20 ¢ 1.00 be

Strip 6 0.20 be 0.30 be 0.45b 0.50 cd 0.20 cd 20¢ 1.00 be
Control 0.10c 0.10¢ 0.10c 0.20d 0.05d 6d 040 c
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Table 5- Comparison of the average biodiversity indices between two different depths of the soil seed bank in strip 3 of
Bisheh Zard network 1 using t-test analysis.

Compgrlsons DeptAhs (?f Blodl\fersﬁy Mean Standard Star}dgrd DF Sig. (2-tailed)
Pairs Investigation Indices Error Deviation

0-5cm i i

| Slmp;on species 0.97 0.376 2.69 28 0.012 *
5.10 cm diversity
0-5 -Wei

5 cm Shaqnon WCII:ICI” 0.093 0.359 3.08 28 0.005 **
5.10 cm species diversity
0-5cm ini i

3 Menc}_umc species 0.130 0.503 6.69 28 0.000 **
5.10 em richness
0-5 cm i

. Margalef species 0.200 0.763 3.49 28 0.002 **
5.10 em richness
0-5 cm i i

s Hill species 0.087 0.338 259 28 0.015 *
5.10 cm evenness

6 0-5 cm Seed species 2.80 10.7 10.05 28 0.000 **
5-10 cm den51ty
0-5cm

; Number c_)fplant 0.34 132 0.00 28 1.000 ns
5.10 cm species

ns: non-significant s I0 ime
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Table 6- Comparison of biodiversity indices between two different depths of the soil seed bank in the plot without flood
spreading (control) using t-test analysis.

Comparisons Depths of Biodiversity Mean Standard Standard . .
Pairs Investigation Indices Error Deviation bF Sig. (tailed)
0-5cm i i
1 Simpson species 0.020 0.075 2.14 28 0.041 *
5-10 cm diversity
0-5 -Wei
2 o Shannon-Weiner 0.050 0.194 3.78 28 0.001 **
5.10 cm species diversity
0-5cm ini i
3 Menchinic species 0.024 0.092 3.75 28 0.001 **
5-10 cm richness
0-5 cm i
4 Margalef species 0.039 0.153 1.89 28 0.070 ns
5-10 cm richness
0-5cm Hill species
5 0.026 0.100 5.54 28 0.000 **
5-10 cm evenness
6 0-5 em Seed species 2.70 10.6 4.89 28 0.000 **
5-10 cm density
0-5cm
7 Number of plant 0.12 0.464 3.05 28 0.005 **
5-10 cm species
ns: non-significant s IS ixe
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Extended Abstract

Introduction and Goal

In recent years, the use of flood spreading systems is one of the most effective ways to control
surface water, especially in arid and semi-arid regions which In addition to the reduction of the
harmful effects of floods, it results in the reduction of soil erosion, the strengthening ground
water tables, the improvement of agricultural lands and the rehabilitation of rangelands vegetation.
In flooded rangelands, there is little information about the characteristics of the soil seed bank.
This, in turn, has cost and wasted a lot of time. The presence of many species in the seed bank
can explain the effects of environmental and management factors in the past. Identification of this
resource plays an important role in the protection and restoration of vegetation. In this regard, the
aim of the current study is to assess the biological diversity indicators of the existing seed bank due
to flood spreading in order to restore and improve the vegetation cover in such rangelands.
Materials and Methods

In order to investigate the effects of flood spreading on the composition, density, diversity,
richness and evenness species of the soil seed bank in two areas with flood spread and without
flood spread (Control) in Gareh Bygone Fasa region, seed bank research was carried out for three
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years from 2020. In June 2020, was done after the preliminary identification of the rangelands of the flood
spreading area, the location of two representative areas inside and outside the flood spreading area
(Control). Sampling of the soil seed bank in the fall of 2020, before the seeds in the soil began to grow.
Inside the representative area (rangeland flooded in 6 strips) and Control (rangeland without flooding),
1 transect of 150 meters was established in the direction perpendicular to the slope of the land. At 10-m
intervals along each transect, a 1-m2 plot was randomly selected (total of 15 plots or repetitions). A pit
with a diameter of 7 cm and a depth of 0 to 5 and 5 to 10 cm was dug in the four corners and center of each
plot. Soils of each depth were combined separately in five points of one square meter plot and considered
as a sample for planting in special trays in the greenhouse. The soil seed bank samples were kept in the
refrigerator for four months to break the seed dormancy and then transferred to the greenhouse
environment for one year for cultivation and by the seedling emergence method, the seeds in the soil
which gradually they turned green, were identified and counted.

Analyzes related to the seed bank were performed based on the number of germinated seedlings and
counted in the greenhouse. The density of species in the soil seed bank was calculated by calculating
the total number of seeds of all species per square meter. The diversity, richness and evenness of species
were assessed using PAST software. For species richness of the soil seed bank, Margalef and Menhinic
indices were used, Shannon-Wiener and Simpson indices were used for diversity, and Hill index was used
for evenness.

To compare the properties of the soil seed bank (density, richness, diversity and evenness of species) was
also used between two representative areas of flooded rangeland and non-flooded rangeland (control)
independent t-test and paired t-test were also used to compare between two depths of 0-5 and 5-10
cm. The analysis was conducted via R software, employing one-way analysis of variance and Duncan’s
method for comparison of means.

Results and Discussions

The results of the greenhouse studies showed that a total of 5340 seeds germinated in the greenhouse,
3756 seeds germinated in the flood spreading area at a depth of 0-5 cm and 1190 seeds germinated at
a depth of 5-10 cm. In the area without flooding (control), 329 seeds grew at a depth of 0-5 cm and 65
seeds grew at a depth of 5-10 cm. In the flood spreading area of Aquifer Management Kowsar Station, in
terms of the average density of the seed bank, at a depth of 0-5 c¢m, a total of 113 seeds per square meter
(from 18 plant families and 61 species) sprouted. At a depth of 5-10 cm, a total of 36 seeds per square
meter (from 18 plant families and 56 species) germinated. In the control area, in terms of the average seed
bank density, at a depth of 0-5 cm, the average of 9.96 seeds per square meter (from 10 plant families and
23 species) germinated. At a depth of 5-10 cm, the average of 1.96 seeds per square meter (from 8 plant
families and 15 species) germinated. The average density of sprouted seeds in the soil depth of 0-5 cm
was 3.14 times higher than that in the soil depth of 5-10 cm. In the control area, the average density of
germinated seeds in the soil depth of 0-5 cm was 5.08 times higher than that of the soil depth of 5-10 cm.
The results of variance analysis showed that in terms of biodiversity indices (density, number of species,
diversity, and richness species evenness) between the strips of Bisheh Zard 1 and control flood spreading
network at the depth of 0-5 and 5-10 cm of the bank, there is a significant difference between soil seeds at
the level of 1% and 5%. The results of the t-test showed that in terms of biodiversity indices between the
depths of 0-5 and 5-10 cm of the soil seed bank both in the flood spreading area and in the non-flooding
area (control) there is a significant difference in there are 1% and 5% levels.

Conclusion and Suggestions

In general, it can be concluded that the implementation of flood spreading operations in the studied
area has created a special ecosystem that has improved the environmental conditions such as sufficient
humidity and suitable organic matter in the area. Also, it has a significant effect on increasing the density
and diversity, richness and evenness of the soil seed bank species, as well as the species composition.
Therefore, the potential of the existing seed bank can be used to rehabilitation this area and similar areas.
In general, the results of this research showed that the soil seed bank of this region had a positive response
to the implementation of the flood spreading operation, so that the highest density, diversity, richness
and evenness of the soil seed stock was observed in the flood spreading area. It is suggested to carry out
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projects on the effects of flood spreading on biodiversity indices in forestry plots with different spe-
cies of Eucalyptus, Acacia, as well as shrub planting plots with Atriplex species, as well as a control
plot be compared in Gareh Bygone, Fasa. This research’s findings can be used in preserving plant
diversity, preserving genetic reserves, and revitalizing and managing vegetation in the region.

Keywords: Biodiversity, flood, Gareh Bygone Plain of Fasa, seed germination



PO

. 0 . T b
U’/'%Tdé&?}/ Q@»sw’,
”» 0.0 'w‘..

u,ew&,g;,,a(};/r,_—,giy,/ T G AT E i

355995 b o oo 30 (5 3IilgRT ST b 3168 o (5l o
38 Sl Qg (ol j 9 JU (155 by 50 Eleiat saSu Juli

Vil o Sy T S et il ) paio o
028 il (g )lo350] 5 (b alie JS (ool (s )lagl (awdine g pole (658 (saiSgal il = )

S5 S5 b 5 55,5108 psle elSls ol — ¥
G555 (bl 5 55,5038 psle Sty il - ¥

b G005

Sax 9 Aol
Jlgiear )zl slagsb 4 98 lacass g1 ) deejns Ol B wab cdl g ) o JLSas ey
s oo oS UeS sladie) o d)lAjly'qT s,k d)lAg.L; u.gl.).)‘)] ] 0dbd> gl pho 5l Ol cauwlio &Kl
(OlRl) 0 el gz 53 o3le6 a6yl bl pigds ol )3 ol oo slems (L5 ofge 5 (elosal (g3l
b oy (Sloinl (GaSud Jdod o) Sl 605 oy b g oo olide
) g dlge
WA B YA (claJls 1 &5 oo oo 5 3,6Y IS cylian,¥ 58" (o llgsel )b aus ) (o2l dm sl (2b5)
A o9y b g O3 i leal (saliwgy ()lSan g slaiel (gaomin 93 (Jgl pI5 53 b () P s 53 292 0012
Ay B sliwgy dw yb sly sadse b Jold elain] sladlaly (a4l pad p8 10 L0 Gl oS
P Ol 9 JI g8 laliog) (sl 028 eSS sladaliptian p 2las 8 (b dbgs e sl sy pos elf )>
H3le s 3 Ly yo (gl el yiwy jl ool Cundty SleMbl ipylez p5 55 59 (Hlos Vo0 l;.o) o Yo g & e
Aol (6)So g slostel (g 93 (Dbl sl (Ll 9 4253) €3S 50 g o515 (sladotin s 15 3y UCINET
Saiel 5 (5)an gaomiw 93 lp e pa Lo )bl b (g)l8en 4 Llos 5 ool (5500 5550 55 ooy pI 53 ainD
W el B gliwg)y du ) doxia 9 (pl (g)lul Cundg g ul Ll

gy o gl
Hassan_Moghim@yahoo.com : Suig pSIl Cunny « L0 J gimnost
oobide d)Lb']y'qT slg,b (ool Ko Gl o NPT Gl s wp o oSS gheme gz auie 13LSw]

Sboiagn ol gl cgr Gl 5 JU agS glabig) o slenl oSl g 3, b e
IY=YA (V) YV gl ]

10.22092/WMRJ.2023.361419.1525 :JUbuwzd (gauslins
VEY/F \-,u;;zl @,ls AYY/¥/T -L,;S,.'.’u @,U AYY/ YN ’é)gi}b @)U‘\\‘ SVANATA -céb,a @,ls

BLESwT©) u«*)b ol (rb lio 5 (555lS Shjsel g um Fr U**’b




VF oY laal O FY by (o,lowd F (50 lows XV (50,90

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

Sy (lwgio (6)lul) VY slezel 5 (6o (gdoiw 93 o (gl (ylub (gdn 0 S liwgy o b i iagh pl wls
Sk a2y (JU sy 5 03 29052 bamgie (60 b Y/Y 55 (sliug) (sl o5 3 > ()l 5420 9 0l )
Loy b Y/0 J (sbiugy (sl (oolad 322 5 (65lal 54203 g ol 5109 VIV 9 VIV sy slasel g (5)lSa domias 93 ol
WY 5 ¥ s dlotel g (6 San (geomin 93 (sl (5l (542 )3 eyl g (sliuag) 53 b 3,50, gt ()l b )luLl
o 3350 bl L 5 L VI i sl sling sl 3l 42 )3 ol 543 5 ol 03

sl 3 6 o5 e

ol ol s 4 g dbgrpe o (b330l 5 (bl (so)o) (93 s it 9 JB S (sliwgy aw 1
b sl 565 g 5l Jlal gBanles plyisar j55e laliog) (oMl (s 5 9o S I Glisl (g)bjl 5 (b 2l
2 6Ol dr Cusdl Cows gadse (pl coplpls WS Dbl b le |y blie (o) Ko g slaiel wgw 93 (sl alayly slool
el gaio) 5 ol et 5 izl ) en g olael ey s pslatods 1 (g Wlssel oz b (ganws )l
s U095 513819 Wabiwgy (oMl (glalyad b oo pdaize 4y (g)lilgsul slaz b 5l (6130 395 g0 Sl <5 )llgon]
S g ol cblis gaie) )0 (5> slodles 5 izl @)bgs dlazel 5 (6)lSen (8 )k gaab] § s (gl ormilie

D9 wal )3

& Canl Suiled ol (ol dny B9 o0 (oleinly Mol
g Colia olgd o Sl glajtiSen o] (salpuga,
Sl OgmeS) VY gtod (Verr S piSlal 5 ouidly)
2988 S 2UlF S o0 plo (VWA dags g Canjlaee
Calwogas b5 goilul 4 lul (Garwgs e ($pS0 )
5 il blid uaen g ol sl 5 pope cudils
i e ool ol g dsdise s ol Bldes
sl (58,5 5la ) el gdmeg > SOy gaefY

ol olgg
SeSud oS (o) I cdnwgi (o3l dm (g pslaied:
GoSud s S jsbdy 9d e odlitel | slazs]
Sl iue o 3 gilae slaghy) (e ) elei]
S pde 5 (6T Cuslis (635 mroal (S lopmpenal el
OUS i slen] laaSd Jlow 50 o )lsay .l
dglojls doog )5 L3l (o slagl 2 g ladlal; iodis
o (Vo0 S6e) cwl cusgsge 500 L aaslyl,
sladal, closl bbb )i ,8h Sk 5,0,
oz Bygl g wlie p plejle b 0g)S )5 saiSeblel
sl SRy ise (Vo) GRS stee) 2900
Sbggdge S Shy cas p () oS g el 3509,

d—oddo

o ol pBY Las cél g 3l cla JluSis L
Sl Glacyls 4 ag eiS clacds w1
oS O‘)‘? dl)‘. <Kl Oly‘.cdg d)l'\5|97"41 B
)IJ..:L: Gy cliwly o cal adl ol e o
2 Ygero olulsel g (ojoul slacld iy
5 slerl ooladl (il xe (55U ladie;
R ) .

Jie 3 ke 1 (S ool dm Wigd e SL5) ool
e a . . . Y e .

5 O XdRgh yudn M2 Cwl gydie (egtde
Lol gaswgy goge b baipe Mol slolojle
X033 pasnts (slain! g (g3laidl ¢ i jlaste dxy dw 4
alox 5l o) g2y gylub Gl 38 )R> (laaie; Ll
9S g SElell) 58 0)lal ool sl 4 g
130 Jlo 3 ioxie Jlo Jlul (gdnwsi pmemeS (VY
Cads 5 )5 (Syme (o3l dw |y dawrgd S (meylox
dM‘J)J CanSls J.JJ AREAY JL» PN j)whba) (_5"1‘%
50 oS ) & il b anglie )3 jlub sanwg
dx 4 ()55 dog g etd Gy o] 6l VY o
omhaiS) 5,5 S Ll slalpl oLyl g gols
Jold (ol dm VooV dsngs 5 Cumjlaee Sl
O:ﬁ‘ Lmoi LgA.l_:.wsd.g aS u.u.’|99 P u.‘sl.wj\ L;Lzauium

1 - Institutional Dimension

2 - Prismatic Conceptual Model

3 - United Nations Commission Sustainable Development

4 - Social Network Analysis

&



U’/’/TU’ f&}?

295 wlope P sl gbhasis aliSl L
OhBer 5 (9 (liaSl (2pe Jled > Sl il
pl 538 oy |y ol CaaSle p elain] 3gi5 (Y4YY)
Ol b ogr Sy ()5 )5 dons o Sty
Hgd o S5l (Bldpg — (sloi]

ler 5 wbl (sl iz sl o plads ol
Jeo (oliwgy ohbpeye (slal basis (V-TY)
Slgriin odel Condsdy gl wlwly o Sitimgd oyl 53,8
oS gy adlaie )3 Gl Fhe CS )Ll jolateds 233,8
sl oLy Copie ledd g s pladl s yaly g
slaglojle )lSen 5 (lpgw cSilie p (e Ml
oy oolie ol bl o bl aubale Jsie
($59US Ol @Blio 59y stmgdy > (YoVY) ollen
) dtgy whe Capde GlpeSs (RS (eloial gaSud
sb)gile 638 sl o Sdngly cpl 2535 (o)
Syude brog) S > Cagac B 3 s g (S5
oddosily andloas slaglojlo yuin (6)San 9 &5 Lie (6l
48)5 84 12l g 6 e Silupmens sladial 3 )
2 29 (ilgte g ladles plod e )35 @95 U 29
OWSe g (oagy> S (Glimgy 1> (b oyl
Coplo 5 (giaebp clwly o clanl aSils (Y-VY)
4 AB)S aoxi g 63)S Jloo 1) Canjlame (5)lke
Sbaigy dgwyd 9 (SBL Jsl wjlul (o515 slapasls
OlPyos 9 39 WSS g 08 2> 53 S )lie g sl
emlie Candy 53 ()l g plonal J5 I AN (sl
@ s pde gackyy syl 1 i Lwgy cnl ) 5 K398
el cadd il b S )l g dloie] laumad Co gl
Slojle OhlS)ulews gaSud (Y-VY) o) Ken 5 slus
3,8 Jdos 1y O plie (5L copie slinly
(S Sy el CBd 3 Glmogy cnl @S el
gle (Silte SlyeSe Gl 2l g o)l Cwliw syl
sl g 550 9 guulS s o jud o ol k..)T
LA ololid oddossly auslbay g oS )8 L

35w ko)l Gl g ) 5 Gegdy ol
935 JI (i)Y 4558 (g lulgsel gl ds 505 L
slooils el 5l Jlo Ve 5l G ad (b5 e (lies
e opl 40 92,8 o d)\.b'\yﬁq] o dw opl d)b)‘y‘qi
Jils by, ) sxSepe b bledd (5pSl )Se oo
ol @l b bl ool )l (eleinl el
o83 5l oyl il Cgir Cundg g Ll s Sy 25
S92 ol o8 Ul s i o o 8l

W sy, 9 dlge
DAy g5y (adlaie (B pro
Tl dw )8 sl Cgin (w315 can b > imgl cpl )

w289, b (oo (wlae 53 (5 Ittt Sz b (935 x5l i

bodal; cus p boyyy LS g i 4 1) Jites
et A8 oo s able G e o, 585 e
Shy o p 25 JdS g pedd 0509, ol Sk
2 oty Jlod g peds oS Cunl Jitwe lo gg290
ablo S & 1) Jaue [, S0S le gladal; cus
slo)liley et (V000 SB)e) Cul 035 oS
&l <l L VISONE ls (3g) ol o gk
UCINET (lojon jgboa; e Lo 5 s c2909
ey Ul L NETDRAW | baosls oo call L
3909 Sl cnl 2 093l el (Bl (slagSUl 5 oS
NETDRAW séln s & UCINET i385 ;| baosl
(Vo Ve GISS go0e) 3,03 3529 (Ll slagSUl o)
S8Sed o g wpd gaie) ol SRR
ool 0 LlEE s el ssdpbel Ol copre cloxs]
elol (sladSd (18 (V) )lSen g oyl (gl
h Ol s JeSe y Copta 59) eed onl b
o )8 G Rimggy cpl )5 WS g ey
Ol srdlaily ooy )3 dapllas (hg) o (lgied 4S5
186 ol Copte pll sl e (olpoge) laiiesd
olgieas |y by, 53 (e o) 392 cnizen o] 52,8
il (6y9y—2 dal b ol plosil 3 ol il I (So
239290 acuwlow (VoY) ) Ken 5 &y g 5
|y eloin] sladSs oo 5l oslizul b ol (slacdloy;
oSl Jilow a8 ol (L Ll Jtmgs gulis 2035 g
Sl 00litl L g bl slio g ogllas SolS (gl elas!
g oo slaalarly 13 ()5UsS ©Le & oo
o Slacuslis 5 b S preal 4 byje Llus 5 &
OSen g 3)ly Aoy 33 08 Sty il IS ,5L
5 20 ) ol cueSle ()l (elaial gaSus (V-V+)
Ol polateds oS Blyd o Sidmghy ol W3S Jelos
Canl o3 Ol oyt ly Slojlusle (6 )glol bl
A ) (glon i JSa o cueSle > gyl il
gy i) 350l > b (555 pe st )3 29 48,8
038 oop ) G GSas sy (VoV0) olSen
oAb imgsy gadlale )3 olydgw & W3S SIS
S pulyw > g 2L 39250 sladign > Sl i
WSSl D9y (oolatil LjeS 5 e 5o dg IS 5T
el @4 o slisly ) (VoW llSen 5
s ol G cle Baa b Sl i s Cunon
Comod (Sloj =S Syt e Sy lp 4SS
P& 888 aos (eolail WS pl o Gl
390 55 galolo ) b CojSye (i Alaw Cunvon
9 WIS (sPeul )3 g o 3 sailie 93 g
9 e CajSie by elaal cloass (VoY) ) Sen
85 o ol Sdingly ol 008 v g 4o Sl

&



VF oY laal O FY by (o,lowd F (50 lows XV (50,90

U5 Gidy £ 9 JB sl el Ghg - oyl
e S055 A ) 3929 L = olnl g (e s
S (0gs Jolis adhaie ol S8 5 (plolid LB (o550
Suid plogd by elely dilaie @il ol ugil
0SSl Cusl 145 g )5 Sl 05pel gy el
hiosy Canen Casl o LoVAR/AA IS 550l Sk
VAN G IYAD o ;3 &S 5y 485 VFAF AYAS o o JK
Eghan ¢ 45 b cale I iy 8l Gl e
2 o 3l w9 39 BNV Liwgy ol gl ag
il Oplee il LialS YA @ o el s A YA0
i AYAD 5 WA Jlo Sloj go3l 93 55 Liwg) (i
Sliwgy ;> (YW glpl Ll 350) 5 AUFY 5 Y/VE
Ol oji (ogime (a3 5 O oo jelaton JI
Gl glaagoge calo g 2 ()lulgl) i
A5 plosl (o gias

PP )3 o e oty Jlosd (5 ytoghS YO 1 i sl
ook B o] (535508 5 ol (Slial 55 30) Sy 5 sioghS
OYOFPYY oldlis sl Job e susol ol sl @y
BYVEYYY oldlis b bye o By5 OV¥FOV
3 il b5l ey joul ol JlsYVOFYoN
oSl oo WS g Gele o)l et
Gty Sy ol (pulidatey 5 5l sl ol ol
sloanies e = olowl Bilo ()8 — ol Hjl
oS Gl ol gl 3 cul b sqe (B
(S S|y oS A oamlitio SIS gyl (553 9 plol (sl >
e (LS SaisS (pizmen il 1) (oS 1515 5 3b;
sl (SHb kel SS 25 o5yl Uiy,
2 oliw e Sliwg) Cumes Canl yio Juo YAMY w0
Oial33l 5 BV 4 YA Lo, 4S 34 ,a FAY OYAS Lo
o) 2 )Pl A% e gian (1 b el I iy Ll
Pl 08 YR Jlu 3 gyb cile I ey 9 392 V10 Liasg,
03 93 50 Liwgy oyl 5l @ lpe Bl ials” O/OA & OT
35 50) 590 VF/EN 5 < [0F i 5y IR 9 WAS s Sl
o YA Jgbas (SBa liw o jusol,d (VO ol ) L]
Lol oas aid b Mo (K oy ol yorr &

S5 55 ey oadadlas (cag sl Clasuin g Cusdge
36 OBan cliwgy duw Slastie .ol odded gl ¥ Jgis ¢ )

Cw) o..\af}b.))ﬂ ) Jg.\> BEl

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

J )llsal 25l iy lias e 5o 55 ol
o > e 6 Mgl 2ok 5 3,0 i jd
L ol Gaa gz b laisd e

2 ool sl p3 )Y mag Gl yed 3 465 j]
St g yashsS YV 53 Y ped ()8 Jled (5 iegkS VY
sl g0 yiashS VIO ol ($3528 gl (plisl 35 50)
OFFVY " b aY FYY Ll b sk e gl ol
Sad YEYN B YAWYS Gl o (ope 5 By
bl oy sadlaie )5 (gyliilo a5 s sl ol
P e R S DT ST AR g
655 Sl Wiloyly (agwy ok Jold (bt
sbhauips 5 s)lise (2l Sile lie Wil
gaible S ooy, Cul pb ae By
e (s855 A Cal Slos gld (S ol > g8
oS ¢0yS Jold dilate opl SS& 5 ool BB Sy
Suiddogd «55)lagd o) bl adlate wuldl . Cunl ugil
oSbe il Juine Siiddass ofpal by, wluly g
455 (gliogy ol jio oo VYA 498 350l S,
o) Comen W sladay Gliwngs laliog, ale> |
FYF 4 WA Jlo o a5 39 505 YOV YA Jlo ) Lws,
P Eghan 0I5 b il Sl Gy 8l Rl L8
Jlo 3 b ol 5l gy g 05 FIF Il s g, ol
o) 3l Ol cél Lials YA 4 o gl s YR
dgr yauo > 0 WWAD o WA Jlo Sloj g0l 90 ) Liwg,
liogy (f 5 (Byd (i 93 )3 VIV glul Lol 55 50)
oy £ghan 015 5 O slae jglatod; S
s glaarse colo g (b (i) e
SRS S (Sp S S ) b el egian
QA5 (Amdg 93 (2)f Ay IS )3 g (Fghae 4
b wblo (glo 2S5 (o gan

Ve 53 050Y b (Bydled (pteshS VY 50 JI sl
WO ol (53,08 5 casl (gl 350) Sl (5 ytskS
il sl ole oul cul sl @ye soglS
VYYD Ll sla oy g 5,5 0A DY LAY FYY.
» @le S 55l cwl Jls ¥OYVY 6
oSl SeB o WS 2 bl )b sadae
iy Slocidy Jold (olidae il 55l ol
Bjl (295 0l W5l LS 09,5 (oS 09 )5
e Byl slanies 5 )l Wil ppemle!
5 les gl )58 93 51 Lo JIS sl .l ol



U’/'V{TU’ f&}?

w289, b (oo (wlae 53 (5 Ittt Sz b (935 x5l i

ouddailao gz b Couxdgo —) JSCU
Figurel- Location of studied projects.
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Table 1- Specifications of three target villages (2007-2016 period).

No. Name County  Rural population (p) Job Family Dimension Immigration Rate
1  Katouyeh Larestan 474 Horticulture 3.8 0
2 Kal Lamerd 1801 Agriculture 3.68 9.43
3 Bahrestan = Mohr 479 Agriculture 5.58 14.61

Source: Studies of consulting engineers
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Table2- Specifications of three projects.
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1 Katouyeh Larestan 230.8 Semi-Arid 2009 2017 768266 3131841
2 Kal Lamerd 199.8 Arid 2007 2017 783586 3016149
3 Bahrestan Mohr 288.8 Semi-Arid 2007 2017 743567 3065848

Source: Studies of consulting engineers
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Ucinet->Data—> Import Excel> Metrices

Ucinet->Network—> 2- Mode network - 2- Mode cohesion
Ucinet->Network—> 2- Mode network - 2- Mode centrality
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5 - Network density

6 - Between centrality
7 - Degree centrality
8 - Delphi method

9- Snowball
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Table 3- The weight of each of the evaluation criteria and the final weight of each criterion in the framework of

the prismatic model based on the opini of experts.
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1) Which of the following departments or people do you
usually refer to solve problems and issues related to the

2) Which of the departments or people you referred to
cooperated with you the most?

village?
Department of Natural Department of Natural
Agricultural Bank Resources and Watershed Agricultural Bank Resources and Watershed
Management -County Management -County
Department of Department of
Governorship Agricultural Jihad - Governorship Agricultural Jihad -
County County
District Rural Water and Rural Water and
administration Wastewater District administration Wastewater
Administration -County Administration -County
Village Islamic City Water Affairs . . . City Water Affairs
Council Department Village Islamic Council Department
Villager Veterinary department - Villager Veterinary department -

County

County

3) If another project is to be implemented in your village,
which of the following departments or people are you willing

to cooperate with?

4) Which of the following departments or people have had a

greater role and responsibilit;

y in solving problems related to

village water and building water catchment structures?

Governorship

District
administration

Village Islamic
Council

Villager

Department of Natural
Resources and Watershed
management -County
Department of
Agricultural Jihad -
County

Rural Water and
Wastewater
Administration -County
City Water Affairs
Department

Governorship

District administration

Village Islamic Council

Villager

Department of Natural
Resources and Watershed
management -County
Department of
Agricultural Jihad -
County

Rural Water and
Wastewater
Administration -County
City Water Affairs
Department

5) Please name 5 people from your village who played an
important role in the implementation of the water watershed

6) Please name the 5 experts of the departments who played an
important role in the implementation of the watershed project?

project?
No. Name Job No. Name Job
1 1
2 2
3 3
4 4
5 5

Sud gliwgy w31 (3l sy SleMbl 5597 aosr (a0l sy —F S5
Figure 2- Questionnaire to collect institutional dimension information from the three target villages.

10 - Reliability
11 - Validity
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Table 4 - Values of density and fragmentation factors in three target villages using UCINET Software.

Networks Discontinuity Density
Behrstan Kal Katouye Behrstan Kal Katouye

Refer to the offices 0.07 0.03 0.05 0.38 0.43 0.58
Cooperation of departments 0.07 0.06 0.05 0.38 0.43 0.54
Willingness to cooperate with departments 0.13 0.03 0.06 0.34 0.37 0.58
Administrations' responsibility in solving the 0.07 0.03 0.06 034 031 0.50
problem

Administrations' responsibility in solving the 0.00 027 0.00 038 016 038
problem

Effective villagers in solving the water problem 0.74 0.61 0.20 0.18 0.16 0.45
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Table 5- Values of the centrality measure (degree and between) in the three target villages in the Cooperation
network of effective villagers in solving the water problem.

Village a Names of villagers effective in solving the water problem
o
=
5 Safar Mohammd  Abdolrahim  Noruz Abdolhosein Majid Samad Hajsafar Malek Mojtaba
5 zamani zamani zamsni zamani zamani zamani zamini zamani i id
Katuoye
Deg. 0.596 0.60 0.88 0.80 0.36 0.36 0.40 0.36 0.12 0.12
Betw. 0.13 0.16 0.80 0.00 0.60 0.05 0.05 0.03 0.00 0.00
Yusef Saleh Mohammd S'eyd Seyd aali Seyd Seyd Mohammd Ali Ebrahim Seyd
- fazel b . mohammd  abdolreza noor . bagher
hoseini  souzandeh khoshdel . mousavi . . souzandeh kazemi .
bagheri bagheri bagheri rastegar bagheri
kal
Deg. 0.28 0.02 0.25 0.25 0.45 0.20 0.03 0.07 0.02 0.10 0.07
Betw. 0.23 0.00 0.17 0.11 0.33 0.06 0.00 0.00 0.00 0.05 0.05
Esmael abodlahi Mansouf Ali behzadi Osman aalami Ham.ld' N{(lrt'ezla. W i‘h a1 155"12“1.
abdolahi rashidi k
Behrestan  Deg. 1.00 0.15 0.30 0.25 0.40 0.10 0.30 0.40
Betw. 0.71 0.01 0.02 0.02 0.06 0.00 0.02 0.05
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Table 6 - Values of the centrality measure (degree and between) in the three target villages of the cooperation
network of effective experts in solving the water problem.

Village . Names of effective experts in solving the water problem
—  Centrality . " - -
Karimi Rezaii Moghim Abbasiyan
Katuoye Degree 0.32 0.32 0.64 0.88
Between 0.04 0.03 0.17 0.47
Rabbani Zandi Zabihi Abbasi Zeraati Hemmati
kal Degree 0.03 0.02 0.03 0.02 0.20 0.63
Between 0.00 0.00 0.00 0.00 0.02 0.35
Hoseini Karimi Mohammdzadeh
Behrestan Degree 0.00 0.00 0.55
Between 0.00 0.00 0.24
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Table 7- Values of the centrality measure (degree and between) in the three target villages in the communication
network with institutions and organizations.

Institutions and Organizations

y £B8
Net = ER B
S S) 0 !2‘1‘3 1 2 3 4 5 6 7 8 9 10
A
. Kato D 096 0.64 0.12 036 0.16 0.00 0.52 056 0.86 0.76
S ., ) B 022 0.07 0.00 001 0.00 0.00 0.04 0.05 0.14 0.11
23 D 072 075 023 003 000 028 0.15 038 092 098
8 % Kal B 0.13 0.07 0.01 0.00 0.00 0.01 0.00 0.03 027 037
~ Bahr D 085 040 040 0.10 0.10 0.00 0.10 035 045 0.00
i B 023 0.04 0.03 000 0.00 0.00 0.00 0.02 0.05 037
< Kato. D 080 056 036 028 024 000 032 036 0.74 0.76
g § B 021 0.07 0.07 001 001 0.00 0.02 0.02 0.16 0.16
'g £ kal D 0.68 0.17 0.08 000 0.00 0.05 0.08 023 0.83 098
g S B 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.01 024 042
= Bah D 085 040 040 0.10 001 0.00 0.10 035 045 1.00
© anr. B 023 0.04 0.03 000 000 0.00 0.00 0.02 0.05 0.37
oo Kato. D 088 0.64 044 044 000 0.00 044 040 0.76 0.64
‘é’ ‘; % B 029 0.08 0.04 003 000 0.00 0.02 0.02 0.15 0.10
g 2 °é Kal D 0.69 0.07 0.08 000 000 0.00 0.12 022 0.87 092
,%ﬂ 5k B 029 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.32 040
§ gé Bahr D 040 0.15 0.15 005 005 0.00 0.00 0.65 0.65 1.00
) B 0.01 0.01 0.01 000 000 0.00 0.00 0.10 0.10 0.36
;‘S § Kato D 088 048 0.02 036 000 0.00 036 028 0.68 0.72
55 ) B 039 0.05 0.01 0.02 000 0.00 0.02 0.01 0.14 0.17
§ ‘% Kal D 0.62 0.02 0.08 002 000 0.00 0.03 0.05 0.77 0.90
% g B 026 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.44
En '§ D 090 0.00 020 005 0.00 0.00 0.50 0.10 0.60 0.80
E f Bahr. B 042 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.13 0.26
Department of Natural Resources and Watershed of the city | 1 Agricultural Bank 6
Department of Agricultural Jihad of the city 2 Governorship 7
City water and sewage department 3 Prefectural 8
Department of water affairs of the city 4 Village Islamic Council 9
Veterinary department of the city 5 Villager 10
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Figure 3- Networks of social relations in the village of Katoyeh Larestan, using UCINET software.
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Figure 3- Networks of social relations in the village of Kal Lamerd, using UCINET software.
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Table 7- The degree of stability of the two criteria of cooperation and confidence from the institutional

dimension in the target villages.
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g 3 5 5 g
£ 5 g 2 3 3
: 2 2 3 - 5
A © = =
Degree of centrality 85% 68% 85%
Degree of stability 5 4 5
g Intermediary centrality 21% 16% 23%
"g Degree of stability 2 1 2
& Density 54% 43% 38%
S Degree of stability 3 3 2
The Qegree of stability of cooperation 33 27 3
criteria
= Description of the degree of stability of the Medium Medium Medium
.5 trust criterion stability stability stability
2 Degree of centrality 88% 65% 40%
8 Degree of stability 5 4 2
Intermediary centrality 29% 19% 1%
é Degree of stability 2 1 1
2 Density 58% 37% 34%
é Degree of stability 3 2 2
The degree of stability of the trust criterion 33 2.3 1.7
Description of the degree of stability of the Medium Almost Almost
trust criterion stability unstable unstable
The degree of stability of the institutional dimension
. 3.3 2.5 24
(by calculating the average)
Almost
Description of the degree of stability of the institutional Medium unstable to Almost
dimension stability moderate unstable
stability
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Introduction and Goal

Due to the current droughts and the sharp drop in ground water reserves in most of the country’s
plains, aquifer projects have received more and more attention as a suitable solution. The issue
of assessing the sustainability of water catchment projects in various environmental, economic,
social and particularly institutional dimensions is crucial. In this research, the evaluation of the
sustainability of the institutional dimension in the south of Fars province (Iran) has been investigated
on a local scale using the social network analysis method.

Materials and Methods

The evaluation of the sustainability of the institutional dimension in the three aquifer projects of
the Katuyeh (Larestan), Kal (Lamard) and Baherstan (Mohr), which were implemented between
2007-2009, was examined through a five-step process. First, the two metrics of trust and
cooperation were selected through the consensus of experts and using the classical Delphi method.
Second, social relations networks including six topics were established in all three target villages.
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Third, the relevant questionnaire was designed. The number of completed questionnaires for the
villages of Katuyeh, Kal and Behrestan is 25, 60 and 20 respectively (105 in total). In the fourth
step, the information obtained from the questionnaires for each village was entered into the UCINET
software. Then density and centrality measures (degree and betweenness) were calculated to evaluate
two measures of trust and cooperation. Fifth, the two topics of “cooperation of administrations” and
“willingness to cooperate with administrations” were determined for the two selection metrics and the
stability of these two metrics of cooperation and trust in three villages, respectively.

Results and Discussion

The results of this research showed that in Katwieh village, the degree of stability for both
measures of cooperation and trust was 3.3 (moderate stability). Therefore, the degree of stability in the
ingtitutional dimension was estimated to be 3.3 or average stability for Katwieh village. In Kal
village, the degree of stability for the two measures of cooperation and trust was 2.7 and 2.3
respectively. Therefore, the degree of stability in the institutional dimension for Kal village was
estimated as 2.5 or almost unstable to moderate stability. In Bahristan village, the degree of stability
for the two measures of cooperation and trust was 3 and 1.7, respectively. Therefore, the degree of
stability in the institutional dimension for Bahristan village was estimated as 2.4 or almost unstable.
Conclusion and Suggestions

In the three villages of Katoyeh, Kal and Behrestan, the government body of the Natural
Resources and Watershed Management Department of the respective city and accordingly the General
Department of Natural Resources and Watershed Management of the province on the one hand and
the Islamic Council of the said villages as the representatives of the residents on the other hand,
were able to establish two-way relations, trust and create mutual cooperation between the parties.
Therefore, this issue strengthened the institutional dimension in the sustainability of watershed
project development. In order to gain more trust and cooperation of the watershed residents and its
continuity in the field of watershed activities, it is suggested that the maintenance of the watershed
project plan be entrusted to the local trustees or the Islamic councils of the villages in order to provide
a suitable platform for strengthening and continuing participation, cooperation and Provide mutual
trust of watershed residents and government institutions in the field of water and soil conservation.

Key Words: Prismatic model, relationship network, social capital, sustainable development,
watershed management
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Figure 3- Budyko curve in different months of the year during the statistical period (1981-2014) in the Nir

watershed, Ardabil.
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Table 1- Descriptive statistics of metrics in the studied seasons.

Season Statistics Precipitation PET PET/P ET/P
(mm) (mm)
Spring Mean + SD 49.82 +38.14 2.27+0.83 2.74 +6.80 0.89+0.21
Min - Max 1.50 — 254.00 0.00 - 3.69 0.00 — 15.59 0.00 - 1.00
Summer Mean + SD 14.13+11.59 2.88+0.66 10.59 + 0.83 0.98 +£0.06
Min - Max 0.1 -58.00 0.00 - 3.93 0.00 —99.77 0.64 - 1.00
Autumn Mean £+ SD 33.23+23.07 1.17 £0.80 2.07+4.27 0.91+£0.12
Min - Max 0.00 —96.00 0.00 - 4.24 0.00 —28.41 0.20 - 1.00
Winter Mean + SD 25.65+14.87 0.33+0.37 0.21 £0.51 0.78 +£0.23
Min - Max 0.5-286.00 0.00 - 1.48 0.00 -2.78 0.00 - 0.99

0l gy 93 s Jad JOET/P g PET/P gbvasiow sbaejlusl -Y Jous
Table 2- Values of PET/P and ET/P indices in the studied seasons.

Year Spring Summer Autumn Winter
PET/P ET/P PET/P ET/P PET/P ET/P PET/P ET/P
1981 0.81 0.96 3.87 0.99 0.78 0.96 0.00 0.95
1982 1.02 0.60 10.05 0.91 2.30 0.53 0.00 0.47
1983 1.19 0.86 8.57 0.97 0.18 0.94 0.00 0.40
1984 1.82 0.73 7.35 0.98 3.13 0.78 0.15 0.07
1985 1.79 0.88 0.00 0.00 1.32 0.92 0.00 0.82
1986 1.02 0.96 9.08 0.59 1.72 0.76 0.00 0.70
1987 0.50 0.78 0.00 0.99 0.00 0.84 0.00 0.21
1988 0.00 0.65 0.00 1.00 0.00 0.96 0.00 0.62
1989 0.00 0.77 34.10 1.00 0.92 0.86 0.93 0.79
1990 5.54 0.87 21.89 1.00 0.59 0.88 2.78 0.70
1991 1.12 0.84 0.00 0.00 1.71 0.91 0.05 0.78
1992 0.65 0.84 6.14 0.99 0.99 0.93 0.00 0.55
1993 3.13 0.65 6.73 0.99 2.08 0.80 0.02 0.71
1994 1.32 0.96 3.00 1.00 1.99 0.91 0.00 0.79
1995 2.40 0.70 2.69 1.00 0.97 0.91 0.26 0.61
1996 0.55 0.90 9.98 0.88 0.52 0.83 0.16 0.88
1997 1.87 0.98 1.74 1.00 0.85 0.92 0.00 0.81
1999 7.24 0.97 4.57 1.00 2.39 0.89 0.28 0.61
2000 1.74 0.95 16.98 1.00 1.33 0.95 0.07 0.92
2001 2.30 0.99 11.37 1.00 0.54 0.95 1.70 0.78
2002 3.52 0.97 4.00 1.00 0.74 0.95 1.06 0.91
2003 0.92 0.92 10.87 1.00 3.33 1.00 1.30 0.90
2004 1.19 0.97 10.97 0.88 9.86 0.96 1.78 0.88
2005 1.49 0.97 7.25 0.96 0.64 0.95 2.11 0.73
2006 2.08 0.98 45.17 0.99 1.22 0.99 0.70 0.85
2007 2.29 0.95 18.77 1.00 0.59 0.96 0.03 0.99
2008 4.51 0.97 4.62 1.00 6.08 0.98 0.23 0.91
2009 1.55 1.00 8.99 1.00 1.43 0.97 0.48 0.95
2010 1.13 0.99 9.86 1.00 0.75 0.99 0.22 0.99
2011 1.28 0.99 9.60 1.00 9.14 0.87 0.01 0.33
2012 1.99 0.96 8.06 0.96 0.81 0.97 0.00 0.95
2013 2.38 0.99 14.46 0.97 2.82 0.98 0.27 0.97
2014 2.52 0.99 14.83 0.94 5/50 0.96 0.23 0.78
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Introduction and Goal

In hydrological and water resources studies, the understanding of water balance components and
changes holds great significance. Climate changes and human activities affect runoff changes, water resources
management and sustainable development of society. In this regard, the current research was conducted
with the aim of determining and comparing water balance changes using Budyko curve in Nir watershed,
Ardabil province.

Materials and Methods

The Budyko curve was calculated for the Nair watershed in monthly, seasonal and annual time scales. In
this study, the data of the rain gauge and evapotranspiration station of the watershed were also used in
a statistical period of 33-years to calculate the average precipitation and evapotranspiration potential in
the watershed. In the Budyko curve, the non-linear relationship that is limited by the physical limits of
atmospheric water demand (PET>ET) and supply (P>ET) and the aridity index in the Budyko curve show
the long-term water balance.

Results and Discussion

The results showed that, the trend of flow changes is directly related to the trend of weather components in
annual time scale. Meanwhile, contrary to expectation, only in some seasons does the flow change process
follow the change in climatic components. In addation, the Budyko curve analysis indicated that the amount
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of water consumption in the studied watershed regularly deviated from its predicted dependence on
energy and water balance. The maximum, average and minimum ET for the studied years were obtained
as 876.55, 431.85 and 277.88, respectively. Also, the maximum, average and minimum ratio of PET/P
was 0.07, 0.05 and 0.02 respectively. In most of the years studied, the observational data aligned with
the water limit range on the Budyko curve, indicating that the observed water consumption (AET/P)
matched the predicted water consumption (PET/P). According to the results, the changes in AET/P are
less in the years (1981, 1983, 1989, 1994, and 2010). Based on the changes in the values of PET/P and
AET/P in the Budyko curve, the watershed ability to regulate AET can be considerable.

Conclusions and Suggestions

The results of this study indicated that with increased temperature and decreased precipitation, the
annual actual evapotranspiration of the watershed increased, leading to a reduction in runoff. The results
can be the basis for providing management solutions and adapting to the climate change in order to
optimally use the available water resources. In general, it can be said that the amount of potential
evaporation in the studied watershed is more than the amount of precipitation. The study’s findings
can provide a basis for managing water resources under the limitations of climate change and human
abstractions.

Keywords: Potential evapo-transpiration, river flow discharge, water resources management, water
balance, climatic variables
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Table 4- Results of different interpolation methods for soil erodibility mapping in Kasilian representative

watershed.

No. Method RMSE
1 CoKriging 0.0124
2 Kriging 0.0119
3 IDW 0.0123
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Figure 3- Input maps of the G2,,,, Model in Kasilian representative watershed; a) Rainfall erosion factor,
b) Vegetation retention factor, c) Soil erodibility factor, d) Topographic factor, and e) Slope intercept
factor.



VF oY laal O FY by (o,lowd F (50 lows XV (50,90

dipnd ol by g (i Gath g booljen
oul Cawd il o jisn 4o gy ol 5lad saslice
ot el b loes) Sl slacdiss Juloe,
o) @l Gobol st ssmlice Jlo o ,uSe o V-
203 WY saanilas 5l o ilod el cJo
o G2sed Jow 5l eoliiwl Lo 0,61 5 Jlo yo ,LSa
s A Ao < PF YL s gy 565
RIS ORI RA A 5 PRSI R RNV

v &
U’/'%lu’fuﬂ}
. ®

Jole i slaaciss jl oolaiwl L G2108S Jow plxl s
S Gole B gandalds ca ik g ol |2l ja5e
IS sl (F USE) del oty 00l (s 0 e
aids o 1S 50 el UK sla i ol w8 f
0095 9 Sl €9 I ny g Jlw o S 5 05 0 -)
gty iy oz 51l ole (S50 5 Sl ol
il d o Fohe g e g il dbes (5L g9
(el @9z slagail) poul o wdVl isw )0 5

53“]?’0"E 53”Il2'0"E 5}"1:!'0"E 53”I?’0“E
F36°6'0"N
36°6'0"N+
F36°4'0"N
36°4'0"N+
Legend
Soil erosion map
(ton/ha y)
36°2'0"N4 N 0-1 oo
-2
1 2-5
C15-10
E10-20
- 20< [F36°0'0"N
36°0'0"N+
o 1 2 4
[ e— )

T
53°100"E

T
53°120"E

T
53°14'0"E

ke 50 a5 (Lo 53 S 1 o) S gl soipaieds sk —F JSi

Figure 4- Soil erosion classification map (ton ha™'y™) in Kasilian representative watershed.
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Table 4- Input variables for the IntErO Model in Kasilian representative watershed.

Input Symbol Value Input Symbol Value
River basin area (km?) F 68.747 Natural length of the Lv 17.433
main watercourse (km)
The length of the watershed The area of the bigger
(km) © 45.658 river basin part (km?) Fv 4111
River basin length
measured by a series of Lb 13.72 l;lilje?rg:s?i tl:;ts(mkilllze;r Fm 27.64
parallel lines (km) P
0.70 0.028
16.89 2.987
The area between the two
Contour line length (km) Liz neighboring contour lines Fiz
. (km?) .
3.11 0.214
0.77 0.037
Altltude of the first contour h 1100 The lowes‘F river basin Hmin 1091
line (m) elevation (m)
Equidistance Ah 100 The hlghes’t river basin Hmax 3250
(m) elevation (m)
A part of the river basin . .
with very permeable rocks fp 74.24 A part of tfhe rlverobasm fs 71.66
%) under forests (%)
A part of the basin area A part of the basin under
consisted of medium fpp 1.004 grass, meadows, pastures ft 15.20
permeable rocks (%) and orchards (%)
A part of the basin A part of the basin under
consisted of poor water fo 24.74 plough-land and without fg 13.14
permeability rocks (%) grass (%)
The total length of the The shortest distance
watercourse with tributaries 2L 184.44 between the fountainhead Lm 7.187
of I&II classes (km) and mouth (km)
The volume of the torrent Types of soil products
. hb 104 Y -
rain (mm) and related types
River basin planning,
Average annual air coefficient of the river
temperature (°C) To 9.32 basin planning Xa )
Average annual Numeral equivalents of
precipitation hgod 733.3 clearly exposed erosion [0) -
(mm) process
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Table 4- Output results of the IntErO Model in Kasilian representative watershed.
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Output Symbol Value Output Symbol Value
Coefficient of the river Coefficient of the
basin form A 0.51 region's permeability Si 0.55
Coefficient of the m 059 Coefficient of the S 0.7
watershed development ’ vegetation cover 2 ’
Average river basin Analytical presentation
width %km) B 5.01 of the water retention in w 0.8511
inflow (m)
Energetic potential of
symmetry of the river a 0.39 water flow dyrmg 2GdF” 843,32
basin torrent rains
(mkms™)
Density of the river Maximal outflow from
e b G 2.68 the river basin Quax 137.81
network of the basin (m*s™)
Coefficient of the river K a3 Temperature coefficient T 1.02
basin tortuousness ’ of the region ’
Average river basin Coefficient of the river
altitude (m) Her 1618.27 basin erosion z 0.165
Average elevation Production of erosion
difference of the river D 527.27 mater‘aéghtlhe river Weod 10787.07
basin (m) (m* yr’l)
Average river basin Coefficient of the
decline (%) fsr 33.89 deposit retention Ru 0.358
The height of the local Real soil losses
erosion base of the river Hleb 2159 (m3 ,1) Ggod 3858.64
basin (m) r
Coefficient of the Real soil losses per km?
erosion energy of the Er 238.67 (m’® km? rPl) Ggod/km® 56.13
river basin's relief Y
10000
__ 1000 y =5.5933x12107 °
- R*=0.8576
< 100
® 10
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Figure 5- Sediment rating curve of the Valikbon hydrometric station.
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Table 5- Comparing the results of estimated erosion and sediment yield using different methods in
Kasilian representative watershed.

Sediment

. 11
No. Reference Method Erosion (ton ha™y™") (ton ha’ly'l)
Ahmadian ef al ' Agriculture 0.75
1 (2014) Erosion plot Rangeland 0.29 -
Forest 0.11
o Agriculture Moderate
2 Esmaili Gholzem ICONA Rangeland Very high -
et al (2021)
Forest Low
Mohseni and
3 Razzagian (2014) MPSIAC 2542 6.35
Agriculture 1.31
4 current study QG2 Rangeland 8.9 0.44
Forest 0.57
5 current study IntErO 2.35 0.84
6 current study Sediment observation data - 0.16
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Extended Abstract

Introduction and Goal

In recent years, soil erosion and sediment yield have posed a significant threat to food security.
Many countries have conducted extensive research studies to manage and prevent soil erosion and
sedimentation. Considering the need to know the rate of erosion and sediment yield, the current research
was conducted using empirical models with the aim of estimating the rate of erosion and sediment yield
in the Kasilian representative watershed. Also, empirical models were evaluating and comparing with
observational data.

Materials and Methods

The Kasilian representative watershed in Mazandaran province had its soil erosion and sediment yield
estimated using the G2 and IntErO Models. Then, using the observational data and the sediment rating
curve of Valikbon hydrometery station at the outlet of the watershed, the annual specific sediment yield
was calculated and the results of the models were evaluated.

Results and Discussion

The results of the G2 and IntErO Models showed the rate of soil erosion at 1.30 and 2.35 t ha-1 yr-1
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for this watershed, respectively. Also, the annual specific sediment yield estimated by the G2 and IntErO
Models were 0.44 and 0.84 t ha-1 yr-1, respectively, and observational data was obtained as
0.16 t ha-1 yr-1. In this watershed, the G2 Model results revealed that vegetation cover had more
significant impact on erosion than rainfall intensity. Due to the type of vegetation cover, most areas in the
watershed had low erosion rates. The IntErO Model results showed that the steep slopes of the watershed
led to a peak discharge of 137.81 m3 s-1 with 20-year return period. In addition, the surface erosion was
the dominant erosion type in this watershed.

Conclusion and Suggestions

The investigated empirical models had similar results. Although, taking into account the
changes in land use in the Kasilian representative watershed, the estimated values of annual erosion and
sediment yield are acceptable and reasonable, the differences with the observational data were very high
and apparently indicated the low efficiency of the models. However, it is necessary to mention that the
inappropriateness of the sampling intervals of runoff and sediment in this watershed has been a very important
reason for the low intensity of annual sediment yield based on observational data. In other words, the daily
measurement intervals for this small watershed have caused the real data of sediment concentration to be
collected at the same time as flood hours or peak discharges that have the most sediment transport. To solve
this problem, it is suggested to do sampling in small watersheds at shorter time intervals (several times a day
or even hourly) so that high concentrations of sediments are collected at the same time as high flows and are
included in the calculation of sediment yield.

Keywords: Mazandaran province, Rainfall erosivity, Sediment delivery ratio, Soil erodibility, Soil loss,
Specific sediment yield



. . A . > Wi::: o
53 /')/{.TU’ R Q&jﬁ
* e 2.8~

o Y A T T
WGL;:’.’GL'UU';»&GJ/T;.:,Q}’J// YAAV=Y - ¥A Lo G i T e

Gl 39 T 48 (il T—19 50> Sl S Ll g o ) (& 391 O gk (i g ¥

T SWidl s cwidlel oal5 wlis ma o

u‘))l cuuL.C—)Ju ¢ul§)o).m oKl Q_;xu.‘oé:'u.o 9 d))ﬁw r=91.¢ doJSwu].) ;‘_;’.ujoé:‘wo (sl 09; 6)5.} 64‘)9"]&”“) -
Ol)i‘ ‘u.,l,;.)_u;‘ ‘Olf}n).{a oKy ‘an]oé:L.a 9 L;)'”LJZ‘S 991,: doJ&.ﬁJb suwloést.o e 09)5 sl =¥

| b gunso st%-iel

Sod 9 doddlo

o5 ol yamdy Bl s (ol g Sl ALl pwguizme Dl Ol 39, judul 10 ey 65 S AR ds o
9 f"‘b‘ u‘)‘“‘” J‘f-‘b“‘f ‘9 Qt’-‘ }‘ “\'“’L’ )“Af)'“"slJ cé—“’l‘;‘i’“.‘T_lﬁ"z’ GL“LPL‘;’ N9y 59, “""9‘«5" )‘“‘7“'T » (“‘15‘
69> o asli ;0 Ol i g ladig) (o) 2 (S 43S slaans ;o Clie 89, pusul slagse; 6 )5
oy S5 Sl Wy oy Baa b g cnl cnlpli o)l log cueal bz (om0l g L B)L
b plol jgrie sl jo cwlidolHlgn (sla e

09y 9 Olgo

(_gl.mua:}l..i‘; ey 6‘)—.’ a_:L».Ho ).ou] u.z..w).m 9 @;"“"O‘)L’ ‘WUT L;Lmoli’;wi‘ Sl OB u;‘ 5
O35l 51 g,y Judoes gl o sy 99, Bl g Les o,k Jels ETCCDI s jlasbiul (ol g0
0,lgnle (sl guar 1 oolaiwl by (69,15 Olyetd puizmon .ol oolaiwl JIaaS e (SG el )LL) (glasriw 8
A8 G OLI g ETMA+ (TM sloodionin 5l 5an V¥ g VWAY (A YFA (sla Jlo o ™M (6 Cssd
Al Al L go,lel b ovwl cawsay glo pgual s g

slacis 0,8 slojg, sl > slacs Julis les o> sla al b sles g, Wl i egh opl =

gy 1o g3

Obazrafshan@hormozgan.ac.ir : (Suig wSI Cunny (Lo J gomnost

wuu]—‘}b G dbua?l.w 9 u.».b) LS)")IS u‘;..uu xR AfF-Y | ‘QLMJ‘)..\; “p ‘ool)u...,l...c :QMI
NE-AY (V) YV s lomsul slaiagh olus oy, sl ,o

10.22092/wmrj.2023.362493.1543 :JUewd gawlus

AR TR e PN EIE R 7P2) PN UR P PR AT S8 TRNRT PP E5 PP R CIRY 38 R vl LR PR I
Ot © o bl (oxl qlie 5 55,5LaS (590] 5 Dlagiz 55 5 3 il




VF oY laal O FY by (o,lowd F (50 lows XV (50,90

v &
U’/'V{’(ﬂ(ﬂ’}
. ®

Vo)) S G5k ooyl g9 la ez le wig) deolfil (S5 50 0g (ol (559,als sles saisls g 0,8
(S slasgy) 5 slajs, slass g, g (Laal 8l ¥lw 250k (31 W9, Lel gy (—2al33l Wg) (o hen Yo
S eols i ailate bl Condy Sk o)y 5 B 5 calS o iy (JlaSiis) St slags, g
aslais ;o 5L Comdg s ol ) Ol s 4 axgi L.l ]38l sla 230 O 510 slapglas oyloj ;o 5L
asl alS x5y gl o) o 517N s lis atidS gams dw 10 e (6,5 Ol )y ol ol
lansls Gl B IYAL 5 VY ol fay (S9Sme 5 (55,8 gl (e 9 o

Wolesiin 9 (5 55 a8

Sl 5o 5 (S 5 o) P) o S (oSilon il o 4 8l (i g, ol sl
ook Ng, BB 1509 o Jre g 0158l (61a8 B FO 5 VO 5 L Du Wiy cdogy Ll Jixe Wig, W8 AST 5L
(Lo 52 12 TC o Silee j5boa) (oo (slaatls dan —2al33l g, 0,5 LSl ol luabl L o Glsiiges &5
St g At g 4ieS b,z S as s Wy, R0 ik 51058 wali ) Clie sl s cadlll s
S Sl 5 ST ey s 5T slo s § (S Sl on 3 39 (el 55T 3 i slalind
Slyeads Sl 09 o0 ety (g (nl @S saly p adb (GSae 5 (55,5LS @ (K g (0 slagee

Dgdb asF Sy anbalie o poe o ()T sl g o) wugi“}“ Slo o p o3l o]

59y 3Ly WA Lo (el yudi (o> s b (JInS— po (ya03T s gauls G 5lg

ey S ) Dl sy oo Sl (Vo)) (Sen
Copndy e o Wl o0 ] @l Jolas 5 orld]
Mg 65,0l glacdld yo ala il 5 0gh (AL
Sl (e iwd sl dihaie (LS Lo 5 655
SITURYE PR

b JShay g Cl arng b jo (55025 )
Ok g Sugb) des wile (onlil sloai s s
ez Gl (Gt el 0y Sl 0l e
5> b Giale S g o Sogll e (68 Sy
el aizmed (V2 0 A 00 ouned 5 (53256) 22l Lo o
i g 5 S5z (slonsay 31 e wilgs oo o
551 os Gl sty 5ol sl A L
Sezg ar el 0o (g5 5l L Jleiml 2als 5 5
Bble )3 ohuga (1l )0 o8l odizmy Ll il (ol
(Vo) LS g oolyde) ol walys Sis g 65
s Sbey ool o Ls._‘>l.._wu—| Sy sl s
25 5 05055 Loy, b g SSL ol iy Ll
Sl Sl Jdody a5 s o Lo (5 lolixe 2381
slars b gl Jlu o glse 5 ol Glopius o oS
50 con el Sl s ol aes e Fy Gt
Ol 0 Jdody ol e apaiy 18 Sl slacoJled
5 @l glagygasl 5l o) Ktmgsy 5l (g ko ool
S g Jw) Wloo S oolaiwl laaigy sy yo glasin e
2 e Olnl e Goledn Glaiegsy (Vo7 eabe

Admd MO

2 Sl @ pmie Bae (Vb o Sl ab e S
13 conten 55 WIgi o 45 ol oo ol sl it
ol o s ladl 5 xabs (gla ole a5k arsls
olas ) cely oS aitiis o8l gu> glaonyay Dl s
e Weie GFLICT go leenyy
LT 5 corldl slaazls Wiy (osyp (VoY
Sty by g Lo (b 51 aS Sl sl i o594
sl oldl Sl i 36 Sl sl e
o Bmul 30 sl (6590 sl el (elids o
)O g.j LS")"-\-" @b))‘ )5.'4..‘044 ‘S.JLH»;)—‘—‘? le.m.b”
95 Supe g Jow b )55l 5 Shlas 2als (o iws
g Loye) Conl (alidlsn 5 (b0l )3 e Sl
el SLFLY Y e 5 gandig VoV o o) Ken
Jolss o (Sl yuend $lgs oo oll g (e (62,18 Dol s
2L by SelS 055l g2y 4 65l g o Glee
Obe 2le S Jold Gialydl g §yai- el Grals e el
el el ol (o 50 9 098 o0 Yhusl g (o)
9 Caly) d9—boe )b GrelS g ol S i5 wagh,
S| oé‘ouL..M_v 6)L_Mu le.bw.bs).v (Y \Y u‘)lio.ﬁb
Sg—dr Sllg, Gl cge o) (62,5 jad &S
sole) Cul S i S oS slaisul o gaose (1]



U’/’/TU’ f&}?

(VoY) Gl 5 7 09 Sl o) 5 GRle
55,5 oy 1y o] Sl 1 55 s
Wl 50 IS Dl ol Gl sl gy gl
s o 5 il Sl s Gl
2O g

slacalled Oliw o9, 3ol 1o (ol Cgix o
ol 9 99— o0 plowl (6 S i SO ()58
Sl o 9 55,58 DY game | (S b adhais
Sl 38ul 29,5 5o Il ds ppizmen Ll
2O o 5 oy 65 )g i8S B las gl oY Ol
Plis QL jl @laiand 5 ol joty s o
a2 g0 Gt iy sloiagh S (oo sl )
s adlaie (ol )3 (S8 5.(55)slaS Slacre oy
w3y 5ol 5] pe Corg 4 o 5 sl i3l >
Gl 00l Slpss ogtiws jusul opl ouldl g ol
9 S ydpseshie VooV (L dg s 5 (51095 )
5 ped8l Ol sy oy gy ol 51 (Y- Y- S o
438 laans ;o Sl 89, pusul Glaga; 528
o> slaaly )3 Sl g g (o) 2 (9SE
or 3l Sloiy Coeal Gl (200l g Led ()L
S ly el (elia Tl o Sl s W
p5Y Sl el s 5 sl slacidlad pls
JERCUNELIUN I ot C RV PRNEE S O
2 858U Sl isee; S 5 e o @l
S BT U U R Ay NRLIVON PR TY [P PV S U
o S b olpl osi o Glie sl jo (tagh
oan 9 WIS (Gand A 13 ey (S )5 Ol
b ool el g 50> (gla e Ol peeis

09y 9 dlge
suisandlhe gadlaio

el gy yiaghS AT Ol 09, judul ol e
Coiz 50 Plaiwl s S woYb o dilaie ool oyl
Sl YACYY B YV Llsla o,e oyl ol
ol () Sy el B, 5 0V 5 0so0Y
Ol g o)l (o5 3y (65,0l slaclled aikis
il o Copot] Bl Ol iro cutS Ll )l adlaie
sladle 15 65,3laS slagrse; coluw piul cnl )
aS ol a3l iol33 VYN 4 O/F 5 YY) B YAd-
el )..fw u,....'\)3| @me&m Eso90 Q.ﬂ
OhSes 5 Gateres,ln) Sl dilais )5 (55,5laS
BYY ol ol s gasals jsol ol o (Y- VY
S Sasl b Ol 09, el w8l .ol 2o YV A
oeSile a3l o YA 'C aVlo los (1:Sko g sl

e O 12 (G35 a8 LS g (o) (5 2) Ol ek w2

el ol it lgn (gl ko g, uloo
s 2> (VWA ol 5 8l gl @l
5 ol mals il 1o ol lgn (sl yite Wig,
by, b psul 70+ 51 i o wls olas (lee sb,o
ok Dol g led g L8l alS )b pslas g )l
Sloslaiwl LY+ V) o )Sen 5 (5 0l 8l il
Ng) Egore a5 widl ;o JluS-ire Wy, el )
@b o Ll lnl oo lelRiwl ples ples
5 old> 5 (VW) Ll 5 gooe slaagh
by suo Gl azls (o) p 2 (V1 2) g mesS
Flge Sz slagg, slass wig) els s (5L b
aS auz8l o (Yo A) o) e g (5000 090 (o]
5 3150l ogs sial38l glad 3o VO )L a il W,
5z g oliws! cwyp o (V4 +V) o )Sen
5 Sl St 3g) 50,5 )15 Ol 655 0
g g3l dmelSin eyl iy )0 alj, byl
28,5 IS (VoY) phles g olbgldyg lnl 5o
OSils 5 Aoy S slos (50> (slaojluil i
e—al38loa i sy solS ] aled (o alilyg,
D9 o Fxe

Dl G (wy 2 )2 (V0T 0) (e 5 (o5
O e 5 Sy, o Shs 2 o) 8
ol J1alS a5 e g S s Co bl wisls
I35 Ll ladly (inl38l (T 5 a0 (e 9 S
ol B YE @ PY Sl S g0 leds (gojlusl 45T wis S
910 i SLly) o 5 gl (ool 9 2l
OLlen 5 gaeze Shagh mls ol (531704
Jros ols Lis SWAT Jow 5l ool wl b «(Y+10)
TAD ol 8] o e oy 40 K> o 5 Y/
PRUESUWE IRy VW rw:eu>'/./\\"/\ 9 o 9 Lsaogj
G B VD) Gl 5 6L 5 (V1) e
oo lis Gusul dsie (go,led ial3dl wis S
S 4 &le Gl st 9 Ble CokS SalS
Lol Lo fs S5k 5090 SRl 9 (65,5l

Sl ysite B9 535 ol Sbaiagh o Lo 5o
510,555 elo a5 ol siplon] liiT lga
Sloslaswl b (V-V) gl ye 5 Lowye (lwtd 5 595
5 ool sle yuie 0y, JlaiS e (5]
S 553,5 30l 5 255 ot 5505 o S
VD) Lo 5 5L g (22l 31 0k > 5 AL W)
Sl =) 611 Dl L ol o pllaip gy Slsos
S ol s Ll gty @l wisyS (s
gz 292 ol sl G205 S )5 Sl 42 o8
Alp s S cbliz )3 () 6,5 Slpis 2SU

&



VEoY liagli VFY by (g0,lowd ¥ (g0,lon ¥V (58,93 WA
- @

V1 5ot g (559 s sorki) Conl 008 BN iy ol jinhoa YE- agily 3 peim s iYL

(b) (@)

5790070 579300 5800 1L

28°30'0"N

28°0'0"N
28°(MO"N

27°30'0"'N
2793000 N

Legend

* Evaporation Station

A Hydrometery Station

@ Rain gauge
— River
High : 2692

z z .

2 :

gl osmw 2 g “Low:22

« m—mmm Kilometers ~

ST00"E 57°30'0"E

(D) o om )y (S8l (olbT- 190 (GUroliims | By g () 5l ! 30 o gm 1 sl Coprgo —) S
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Table 1- Characteristics of the stations in this study.

Variable name Station Names ( degrees}r(r)l?flil?elgfsecon ds)  (degrees, zglt;g: seconds) Observation Period
Abnama-Roodan 57-15-13 27-28-23 1998-2020
Bargah 57-39-59 27-36-12 1982-2015
Rain gauge/Rain Cheraghabad 57-28-53 27-12-15 1995-2020
Kharaji 57-14-01 27-23-36 1979-2020
Sheikhabad 57-06-31 27-37-07 1966-2020
Mazgerd 57-05-06 27-08-18 2000-2020
Mohamadabad 56-57-46 27-59-25 1986-2002
Nazdasht 57-11-57 27-45-51 2001-2020
Abnama 57-15-13 27-28-23 1994-2017
Dehmian 57-22-00 27-39-00 1982-2018
Hydrometeric/Discharge Minab 57-11-29 27-16-18 1982-2018
Berentin 57-11-29 27-16-18 1962-2020
Dehkahan 57-33-34 27-43-02 1992-2015
Temperature Sarkam 57-14-53 27-46-06 2002-2020
Fariab 57-05-15 27-28-47 1967-2020
Galashgard 57-12-49 28-00-09 1974-2015
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Table 2- List of the extreme hydroclimatic indices used in the study area.

Indices Description Unit

Extreme Precipitation

P total Average annual rainfall Mm

R10 mm Annual count of days when PRCP> 10mm Day

R20mm Annual count of days when PRCP> 20mm Day

R30mm Annual count of days when PRCP> 30mm Day

CDD maximum number of consecutive days with PRCP < Imm Day

CWD maximum number of consecutive days with PRCP > Imm Day

115 The intensity of rainfall during 15 minutes mm /h

130 The intensity of rainfall during 30 minutes mm /h

145 The intensity of rainfall during 45 minutes mm /h

190 The intensity of rainfall during 90 minutes mm /h
Temperature

TR25 Summer nights: the number of days of the year when the minimum temperature is more than 25 degrees Day

Celsius

TX90P Hot days: the percentage of days when the maximum temperature is higher than the 90th percentile Day

TN9OP Hot nights: the percentage of days when the minimum temperature is higher than the 90th percentile Day

DTR Diurnal temperature range: the monthly average difference between daily and nightly temperatures °C
Streamflow

Qmean Average annual discharge m’/s

Q10 Minimum flow: the number of days when the flow rate is less than the 10th percentile of the station Day

flow rates
Q90 Maximum flow: the number of days when the discharge value is greater than the 90th percentile of the Day
station discharges
Qpeak Instantaneous maximum discharge (the highest instantaneous discharge during a year) m’/s
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Table 3- Mann-Kendall and Petit statistics for temperature extreme indices used in the study area

Trend statistics Station Name TR25 TX90P TN9OP DTR
Z Mann-Kendall Sarkam 0.46 1.64 1.63 1.55
Fariab 0.78 1.22 1.94 1.45
Galashgard 1.22 0.96 1.35 1.65
Dehkahan 3.15%* 3.25%* 2.78%* 2.1%
Berentin 2.99%* 3.01%* 2.88%* 2.98%*
Sarkam 42/1386 56/1386 55/1383 21/1384
U-Petit/Brocken Fariab 56/1370 48/1369 23/1365 50/1382
point (year) Galashgard 71/1363* 51/1380 51/1365 42/1385
Dehkahan 75/1378 49/1376 78/136* 56/1381
Berentin 83/1364** 78/1362* 79/1364* 81/1365*

* Significant at 95%
** Significant at 99%
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Figure2- Spatial distribution of trends of temperature indices: A) Daily temperature range (DTR) B) Number of warm
nights (TN90P) C) number of warm days (TX90P) D) Number of tropical nights (TR25).
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Table 3- Mann-Kendall and Petit statistics for rainfall intensity used in the study area.

Trend statistics Station Name 115 130 145 190
Estiglal Dam -0.52 -1.22 -0.23 -0.23
Berentin Roodan 2.01%* -1.65 2.25% -1.02
Z Mann-Kendall Berentin Minab 1.22 -0.98 2.36* -0.78
Estiglal Dam 45/1366 42/1363 21/1380 12/1368
U-Petit/Brocken Berentin Roodan 62/1362* 45/1366 65/1362* 15/1383
point (yaer) Berentin Minab 58/1362 27/1366 72/1362* 45/1363

* Significant at 95%
** Significant at 99%,
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Figure 3- Spatial distribution of trends of the rainfall intensity for different durations: a) rainfall intensity for 15 minutes
b) rainfall intensity for 30 minutes c) rainfall intensity for 45 minutes d) rainfall intensity for 90 minutes.
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Table S- Mann-Kendall and Petit statistics for precipitation extreme indices used in the study area.

Trend Station Name P total R10 mm R20mm R30mm CDD CWD
statistics
Abnama-Roodan 099 -0.46 -1.1 0.99 0.15 0.52
Bargah 0.56 0.25 -1.12 -0.5 0.2 -1.19
Z Mann- Cheraghabad -0.23 -1.35 0.2 -0.75 0.98 0.17
Kendall Kharaji 1.1 0.33 -0.86 1.19 1.73 -1.87
Sheikhabad 1.25 -1.1 -0.65 0.2 1.62 -1.05
Mazgerd 1.99* 1.33 1.44 0.15 1.44 -1.99*
Mohamadabad 1.1 1.62 1.23 1.44 1.99* -1.12
Abnama-Roodan  44/1381 32/1381 41/1381 23/1384 12/1384  41/1380
Bargah 25/1364 28/1363 25/1363 19/1380 32/1365  21/1365
U- Cheraghabad 32/1376 54/1377 23/1380 44/1376 33/1380  36/1383
Petit/Brocken Kharaji 22/1363 12/1380 17/1383 36/1363 25/1363  22/1363
point (yaer) Sheikhabad 52/1362 19/1382 79/1362* 63/1363* 56/1363  54/1363
Mazgerd 12/1380 25/1380 36/1383 19/1383 15/1383  42/1388
Mohamadabad 65/1363*  81/1363* 64/1363 52/1363 13/1381 25/1366

* Significant at 95%
** Significant at 99%,
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Figure 4- Spatial distribution of trends of the rainfall indices:

a) Days with rainfall greater than 10 mm; b) Days with

rainfall greater than 20 mm; c) Days with rainfall greater than 30 mm; d) Consecutive wet days; e¢) Consecutive Dry Days;
f) Average annual rainfall.
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Table 5- Mann-Kendall and Petit statistics for streamflow indices used in the study area.

Trend statistics Station Name Qpeak Qumean Qoo Qo
Z Mann- Kendall Abnama 1.23 -1.23 2.03* -2.46*
Dehmian 1.66 -1.44 1.91 0.2
Minab 1.49 -1.69 1.46 0.1
U- Petit/Brocken point Abnama 65/1381 52/1383 43/1383 25/1381
(year) Dehmian 66/1364 46/1362 24/1366 39/1364
Minab 71/1362* 83/1363* 69/1363 76/1362*

* Significant at 95%
** Significant at 99%,
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Figure 5- Spatial distribution of trends of the hydrological indices.
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Table 7- Theaccuracyofsatellite image classification in three time periods.

Year

1990

2005

2021

86
78

Kappa coefficient
The overall accuracy percentage

74
90
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Figure 6- The land use/land cover maps of Minab river basin, in 1990, 2005 and 2021.
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Figure 7- Land use changes in Minab river basin from 1990 - 2021.
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Extended Abstract

Introduction and Goal

In the last three decades, land use in the Minab river basin has undergone significant changes and
these changes along with climate change in the basin can affect the trend of hydroclimatic variables.
Due to the changes that have occurred in the climate and land use of the Minab River Basin in the past
decades until now, the investigation of trends and changes in the threshold indicators of precipitation,
temperature and flow rate becomes particularly important. Therefore, the aim of the current research is
to investigate the trend of land use changes and hydroclimatic variables in the Minab basin.
Materials and Methods

In the current research, the data of hydrometric, rain gauge and evapotranspiration stations in the
Minab watershed were analyzed to extract threshold indices based on the ETCCDI standard
including precipitation, temperature and river flow. Trend analysis was done using a non-parametric
Mann-Kendall test. Also, land use changes were extracted using TM series Landsat satellite images
in 1989, 2004, and 2020 from TM, ETM+, and OLI sensors, respectively, and the accuracy of the
extracted images was confirmed with Kappa statistics.

Results and Discussion

The finding showed that all the temperature limit indices, including tropical nights, hot days, hot
nights and the range of day and night temperature, have an increasing trend. The extreme precipitation
indices, heavy precipitation of 10, 20, and 30 mm in some stations has an increasing trend, but the
annual average precipitation has an increasing trend. The number of wet days is decreasing and the
number of dry days is increasing. The investigation of the changes in the rainfall regime of the region
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showed that the intensity of the rainfall is increasing in the duration of 15 and 45 minutes. According to
the changes that have occurred, the change in the precipitation situation in the region is inevitable. The
survey of land use changes over the past three decades showed that 22% of the pasture land area has
decreased, and residential and agricultural land has increased by 280 and 220%, respectively.
Conclusion and Suggestion

The findings of this research showed that despite the increase in the average annual rainfall
(16 mm per year), and other rainfall indicators that had no significant trend, the trend of 15 and 45
minute rainfall intensity was increasing and significant. Contrary to the trend of precipitation, which
cannot be proven with great certainty, the increasing trend of all temperature indices (on average 0.9°C
per year) confirmed the climatic changes in the Minab watershed. On the other hand, the trend of
minimum and maximum stream flow and maximum discharge was also increasing in the watershed,
and it can be one of the reasons for the changes in rainfall, construction of dams, and changes in land
use from pasture and war lands to agriculture and residential. Based on the results of this research, it
is suggested to investigate the effect of future climate changes on meteorological and hydrological
variables and use its findings in natural resources management.

Keywords: Climate changes, Mann-Kendall test, precipitation extreme, stream flow indicators



s
PO

. . . b
53 /')/'{.TU’ R Q&jﬁ
* e 2.8~

2 o Do
WGL;:’.’GL'UU';»&GJ/T;.:,Q}’J// YAAV=Y - ¥A Lo G i T e

SWAT Juw 31 03! ) i LT (sl guicio 33 (510 puiesT (Soptadl i
oS wl 4o

T B3lo Lo yjaon s ¢ GLgl5 alillas 7 oMe YL ¢ oLy co g3 pmmtosmo

Ol el sl blio 5 (5539l pole oKl (rbpibie (s0ASEIS (g )bl (sige 095 (45> gemdib - )
ol el sl blio 5 55,98 pole oKl ¢ rbgilie (50Kl (g o350l (psine 09,5 Sy - ¥
Ol el sl blio 5 55,98 pole oSl ¢ rbailie (5oASEIS (g 50l (usige 09,5 Sl = ¥
Oyl 9 (e Can i ol ¢ anbbpilio (oSl ¢ g3 juul wdige 09,5 Sliwl — ¥

[ |
bgamno (5005
| |

RV 9 doddo

LgL@J.;J)é » mejb Q.i‘ Lgowi‘apb.r.ﬂ Lng&.#JL:.é Qlﬁ.‘?l} 6@):)3 9 gs.’L.’J)‘ ‘Lg)lo}ﬁ.éﬂ 6L‘°r‘"‘*§‘ 6‘)—." )5_~.5 o
39S 30 BB sejlail 4y 6)|.>)‘,¢.$9—‘ spladl s Slae b, Loslul as C)—‘ Jb cul G900 ‘)_.:;u—l B Sl
el stiplon

g g olge

(ol glo xie g b sul Glapladl 3L gjluacs Ban b oS ol jo ol bl jo agh ol
W)L..&‘ 9 L;?Lu.u‘ﬁ ) KW ‘DlDU‘ J«.\.A 4‘“‘5‘ 6‘)9‘ L.\...“ 9 U"‘ )l RU) ral?u‘ SWAT J«.\.A )‘ oola__ul Lv
oo (i Lol 5 (misly 6l 5 9 Baw (5L wlgs g baJeallygs 5l 650 0 10 gl cnl 5o 0
ezl oSl bl b siloand bulyd anlio g oeni jlaied; o oolisl SWAT-CUP J33ls 55 5
A eslazul Lg)T)lS GO PO 9 (S o o asbe gs’l’))‘ Lng)L».uc

g3 1l £oi

l.gholami@sanru.ac.ir : (Sug wSI S (LI J grmno

L] ol ysie p oyl ol ol LU VEY e o o Bolo g cbglS e ¢ ooME cpmp ol souo8 L]
QY=Y (Y) YV coyb el la g oS sl 3 SWAT Jue jl oolazl b
10.22092/wmrj.2023.362356.1542 :Jbuexsd gawlins

VEY/F/e ) Ui Gy U F VS 10y G, U VY FNY 16,8050 G, b YTV sl s U
N oAb AY gladio V¥ Y bl OFY ol goyleid & oyled IV g0y90 V¥ Y Jlos gyl 50l sloimg
RLEERIEC) )8 bl b bl 9 (g5gliS” Uajoel g Slasios S 50 1 iU




S 35l 53 SWAT Juso 1 odlitian] b (3 Uil (gl a5 (5,13 5050 (lopladl 15l
Boa i) J > PP ATSLS ce Tl P 1

U’/’/TU’ f&}j

e g b
.03.3 J9..3 J.'b o..\.wc\JLanA )_.:;u] ‘S.DL_...:U] 6)L...:=L..H.u 6‘;) SWAT J..\.A ‘;l)lf 45 olo ul_....._v (J“'Qs)" Z'DLU
el Jlade iz g AP 9 [P S Sa i liel g (i wly (gl e 50 el o po Hlade (ol pli
&l psul Sldes o o Sy, a5 ols lis (g jlwancds oyl s b gileands sadadlas joe| o o
(e (Bl mals LNY g VY YT VD P e aSlis 5 saea SOl (e (S ¢ i (5,85 S ISy
e A g (6 iSOl ¢ e (S (S (s ,58 i Sy ‘_;)Ia}:;'g] Sldes (o w0 ol ol
S i L VIO g Y0 VY A MTGE_A)QLQQL:LA.C ol gl ) s b wslie o o Sa
B 9y o3l pizee 09 (Mo (S Slides Il il il jo 55 (Sl by s sojlsl ke
RSARYV VA RVAR o P u.._'>=\5w.¢> 9 Ls..\.uug.ul_v ‘Gu)lA é..,.u “;;_..46)53 a0 LS)“J}:-’“.‘] uL..l.o.C LS‘)-'." L

8l T8l ) < IAY
Lolesian g (6 a5 azxcts

) 5 s sasly arie (5 05T slapldl L b s o oS el ) een ol s sal
Sls 2als solyy am b1, o 51 3l slacs s 5 Lo slas, Jlozs]

WS T oyl (oo Jho (S by (LT (5wl (5310 a5l slopladl:guls (551

oy ol Shosl anen g poles sz pl S O
i3 il 2bs,l e glawand slp b Joe 5l eolatul
G 5 432 o8 )5l 51 (S o loseel slapludl
\ . 1 . -
o (SWAT) S 5 01 ol cogtie Joe ool
Ao u,_,.>qu| Joe 6 aS el e Jow ol glgil 5]
OF LS loais] b (saingy (g5lwancd slp (9
ol 50 (V88 e g ogs, D) ol s laol
VN0 U585 SUsS slatash 4 Olsiee sl
9 sty‘ VY yLwT 9 LJMQ AR ul)l.iw 9 ;iab
Cnl 0,8 o)Ll Yo VY o Ken g asl V- VY Ko
Sl gu5) 0)91).3 BN SWAT J.\.a @‘)ls u‘).im.(bjj.s
oS W3,8 0l 5 08,5 )y el Sl Lyl
S H9iS judul ) Cas 4o e sl e cul LS
SWAT Jaw jleslatal b (V- +0) o), Ken g s )10
sleslainl b e Ollgy (g5lwands oS aisls Las
ailig, sloy Gl b awslin jo dilale Sloj slapls
‘sw)ﬁLg(V‘ ~()) db&a&bg&‘ﬁ ol ngawuso
)‘ OOLLM‘L@L‘Q_MUUBJJJQM) L.S)")ISJ"""UJ""b
&y 5l ey 65 s &5 wisls Las SWAT Juwe
(Voo V) ohen g jowle pde—w G0 Lo 5o

Aodilo
2 ole (et Ols—ie 4 ol larme DLl o
Tl oo Sl S0 e Supe Spteliy
Ol mehy W sbrejlail (ol CoeS o)l ol yo el
ardllae (55055 (slaciSl 090 50 ©f (so3lail
OHen o iy V10 ), g il w) wilou i
S il b aS Sl gl s sddie 05558l (Y 1Y
5 ol clo ole 51 S s slalily, 5l 56
Syl @lio (G392l (i) (Slon—w oS ot
el Glez jo Sl g (2138 Blgs (goa S Bguze 4
o bz 5o Lole (sl (VYA o San 5 o Lealsh
2 ebrle ©onb 5l (AU gl 5 ugmee
Slsisas )55l slapldl 4 woddoas iala s il
Ele (&S 9 (oS Supde S slalal, 5l G
5 W) 99— e 4z g il o S5 O
5 loslus sla g, 4 a5 Laoladl ol (Y1 o) Kan
Joe 9 895 4 axgi b igd oo (Gapands slojlu s
b SUlgy 51 b S te 2lS 4y e ||
SYsb gt 4 argi b s O o0 O
@Ls»‘ ‘)5_.’;5 B ui 9 S cblas> ‘_gL(b’nL.\.'é‘ 6‘)—?‘
2 b ol seadiples slalled St ) 5
S il il (55950 el @S glaan
5 S cbli> slaphidl s il bl a5 el

1 - Soil and Water Assessment Tool



VF oY ol N FY by g0l ¥ (505l YV (52,93

Ol IS 5ol lad iagy (nl @l 60,5 (s
05.9.3 / Y. ‘QS’RJQ—“J ;..:l)"j) /af o..\_.':)\)L?L).‘ G?da..a
Cagb ) (503 g Ol sl o Q] Gat g (Guos
55955 ,98 )15 olasle pli—wl o s S
Iy 525 99, sl )0 SWAT Jows 5l eolatwl b ga,
sbojle aS oy Hlas Gregh opl gl s S0 oL
VWVWoesjal, s w, g oy, slaojlast soi |,
Sy opl mli pelwl psls i als YV
bl sae) jo —degh (S LS Gly S e
sl SFlaol anl p gylosel slaplidl 5
Sl oy g 4 axsi b e Ol oaisplel oS
&iwas 6l SWAT Jos 5l eola ol ool
9 S g,y Sle oo sl jo (g lo—Sul slapladl
2 &l Gpladl 36 Sbs)l sl Glanye oS
—al S 3l 0 gl slapladl LG ragh
lopladl ol 3G SWAT Jow 5l eoliznl b g w65k

b bl e piul (ST (e ke

Loy, g lge

ouazillo gadlio é):.o

Cgi 3l aS Cul LS YOV coln b oS sl
a Jlo sl eaS s sl e 3,3 5l ole8 a3 &
Sls bls)l 75 05, sl & o jé 5l g 99,2 5l
2 Ol bl g je—aS 4y Ca s sl nl Condge
RS PR oo\oQLi.J \ JSM

51°l?'l9" 51"17'20"

U’/'V{Td f&)j

el o casls sob o8 SWAT Jow o powe
(YY) oS 5 sobledgs oyl liasl oLl
Silwdands |y 09, by s SWAT jlesla il b
sbodds 51 (S ol Xsagn ol mbs gl » oS
b= 95900 61 SCS sadal, 5l eolaiw! Jow cans
6 SUlg; 05815 50 Joe o s 950 (nl 5 092
e R e S TEUL I SRt
&lp SWAT Jow 51 (YY) o 5K g (sobloes]
58,8 sola ol )l gl sl Sldeas (6 5lwads
Sleboe gl ol S—taghy cnl sloasdl sl —
SV ojll 1y 5 sl ey gy sl ]
Sl aolanls o adpl o b els [LSe o
OLKe g ol raligs gz )3 1098 39 3l
W3S gy |y ey Gy S el (VYY)
T8 il o a8 ols Lt Ghaghy ool @l
D90 0L 8 Jaw 0o gy (sablaie o JBLi]
9o 68 SIFNY YY) ), 5 S 2 o
Ligalar ozl ) (b Ul 1 (gt sy Sy
O2eh oyl C—"b‘ 0,8 gilwanl ) S > o
2 b Sy 5o sz BB SRl gensmsplas
P (VoY) ol 5 6,55 05 (5l g0
S SWAT Jow oLl 5 g b psul slapladl )y
sloss Slles lzl a5 axdl o Uy, (5lwans
Sllsy ezl IS 55 (Ahglle 5 515 bk (>l
iy y ol palS LY ol 4|y e
SWAT Jow 5l eolawl L (Y- YY) o), Ko 5 (5 00
|, Uil 5 (s vt | 3L oo ey 43 Ul

51"2}'10"

35°57'34"
f

35°54'34"
L

35°51'34"
I

35°48'34"
L

T
35°57'34"

: Village
Main Stream

Elevation

m)
S— High : 3848.69

S Low 1 1367.01

T T
51°13'19" 51°17'20"

T
§1°21'20"

Ol oliawl g ol pl 50 oS ).a.vT Cordgo ) S
Figure 1- General view of Kan Watershed, Tehran Province, Iran.
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Table 1- Meteorological station information of the study area.

Station Type Elevation Y

X Station Num

Synoptic 1350
Rain Gauge 1322

3544 51.10
35.75 51.27 Shomal gharb Tehran 2
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Table 2- Characteristics of watershed measures implemented in Kan Watershed.

Number Type Item No. Number Type Item No.

339 Gabion check dams 5 200 loose- stone check dams 1

6 Gabion and Masonry check dams 6 4 Reinforced Concrete 2

11 Gabion with mortar coating 7 10 loose- stone 3

8 56 Masonry check dams 4
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Figure 2- Location map of watershed measures implemented in the Kan Watershed.
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Figure 4- Monthly hydrograph of Soleghan Station in the study years 2001-2016.
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Figure 5- Chart of Petit's test on runoff discharge data.
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Table 3- Variables selected in the model sensitivity analysis stage.

Variable Method t-Stat P-Value Variable Method t-Stat P-Value
SLSUBBSN.hru R 3.69 0.00 GW_REVAP.gw VvV 030 0.76
OV_N.hru VvV 325 0.00 ESCO.hru VvV 014 0.89
SHALLST.gw V 249 0.02 SOL AWC(.)sol R -0.07 0.94
CANMX_.hru V. 247 0.02 TMPINC(..).sub VvV  -0.15 0.88
HRU_SLP.hru V. 205 0.04 ALPHA BF.gw R -028 0.78
CN2.mgt R 1.58 0.12 RFINC(..).sub VvV  -042 0.68
SOL AWC(.).sol R 0.88 0.38 CN2.mgt R -044 0.66
LAT TTIMEhru V  0.82 042 BIOMIX.mgt VvV  -0.59 0.6
HRU_SLP.hru R 077 044 GW _DELAY.gw A -079 043
SOL _K(..).sol R 0.82 041 USLE_P.mgt VvV -093 036
CH_K2.rte A 077 045 CH_N2.rte VvV  -1.02 031
EPCO.hru A 073 047 SLSOIL.hru VvV  -1.04 030
RFINC(..).sub V 064 0.53 USLE _K(..).sol vV  -1.37 0.18
TMPINC(..).sub V 049 063 ELEVB FR(.)sub V -141 0.16
SURLAG.hru V. 038 070 SOL _ALB(..).sol R -1.59 0.12
SNOEB(..).sub VvV 037 0.71 REVAPMN.gw vV  -1.61 0.11
SNO_SUB.sub vV 036 072 SOL_Z(..).sol R -1.70 0.09
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Figure 7- Comparison of observational value and simulation in the verification and validation stage of the model.
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Table 4- How to apply changes in the watershed operation section in the SWAT Model.

Method Variable watershed operation
Terracing Ugﬁ%_P Slop TE)SUB Sloge (;E/{)RU C_? Counter trench
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Terracing E?)Cg FiJlrtg'rS-w C_;\I loose- stone check dams
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10 -LATQ (Lateral flow contribution to streamflow during timestep)
11- Water yield. The net amount of water that leaves the subbasin and contributes to streamflow in the reach during the time step.
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Figure 8- The results of the simulation of scenarios on the hydrological variables of the study area.
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Extended Abstract

Introduction and Goal

The implementation of watershed management practices in the country and the evaluation the
conducted activities and effects investigation of these projects are essential on the governing processes
at watershed. However, such an important approach has to be adequately considered.

Materials and Methods

Accordingly, the present study was planned with the simulation aim of the impact of watershed
management practices on hydrological parameters using the SWAT model in the Kan Watershed in
Tehran Province, Iran. Therefore, the first of the initial implementation of the model was carried out,
and then it was calibrated and validated. In this research, SWAT-CUP software was used to usage of
various instructions and objective functions and also to test and the model calibration and validation.
In order to determination and comparison of the simulation conditions with the governing conditions
on watershed applied the evaluation criteria such as the coefficient of explanation and the coefficient
of efficiency.
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Results and Discussion

The research results showed that the model efficiency was acceptable for the hydrological simulation
of the studied watershed. So, the explanation coefficient for calibration and validation was with rates
of 0.69 and 0.86 respectively. Also, the Nash-Sutcliffe index for the calibration and validation obtained
with rates of 0.85 and 0.93, respectively. Then, watershed management practices simulated at the
level of studied watershed. The simulated results showed that the surface runoff decreased with the
practices of watershed management in the form of gabion, masonry check dam, counter trench and
loose- stone check dam with the values of 25, 23, 21, and 11 percent, respectively. Also, the available
water was more after the practices of watershed management in the form of gabion, masonry check dam,
counter trench and loose- stone check dam with rates of 19.0, 21.3, 20.5 and 10.75 percent,
respectively, compared to the absence conditions of these practices at the watershed level. Also, the
maximum amount of flow changes observed in the practices conditions of masonry check dams. In
addition, the evapotranspiration increased with implementation of gabion. masonry check dams,
counter trench and loose- stone check dams with rates of 20.19, 20.86, 19.0 and 10.87 percent,
respectively.

Conclusion and Suggestions

Based on the results of this research in the Kan watershed, the flood possibility and the flood damages
can be reduced by practices of the watershed management, management and biological programs.

Keywords: Watershed Practices, Hydrologic Simulation, Soil Erosion, Soil and Water Assessment Tool,
Hydrological Model
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Table 1- Parameters related to the morphology of the watershed.

Unit Code  Parameter No Unit Code Parameter No
Km’ S0-2 The slope area is 0-2% 25 Km® A Area 1
Km® S2-5 The slope area is 2-5% 26 km P Perimeter 2
Km’ S5-8  The slope area is 5-8% 27 km  Le  Basin length 3
Km’ S8-12  The slope area is 8-12% 28 - FF Horton coefficient 4
2 '
Km S12-20  The slope area is 12-20% 29 . cg Oravels 5
coefficient
2 e
Km $20-30  The slope area is 20-30% 30 - Re  Miller's roundness
coefficient
Km’ S30-60  The slope area is 30-60% 31 - Re Slenderness ratio 7
Km® The width of the
S>60  The slope area is more than 60% 32 km Rw  equivalent 8
rectangle
Km® The length of the
As5p  The area of the flat slope direction 33 km Rl equivalent 9
rectangle
2 . :
Km AsSn The area of the north slope in 5 34 km D The dlamgter of a 10
directions coplanar circle
2 .
Km AsSe T.he arca of the cast slope in 5 35 Km?® A3d  Basin surface area 11
directions
2 .
Km' AsSs T_he area of the south slope in 5 36 K v The{ volume of the 12
directions basin
2 . ..
Km AsSw The area of the west slope in 5 37 m Hmin Mlnlmum 13
directions elevation
2 . .
Km AsOn The area of the north slope in 9 38 m Hmax Max1rpum 14
directions elevation
2 .
Km As9ne The area of the northeast slope in 9 39 m Hmea Mean elevation 15
directions
2 . C s
Km As9e The area of the east slope in 9 40 m Hsd Dev1at10n' from 16
directions the elevation
2 .
Km As9se T_he area of the south-cast slope in 9 41 m Hmed Middle elevation 17
directions
2 . .
Km AsOs The area of the south slope in 9 4 m Hran E_levatlon 13
directions difference
2 .
Km As9sw The.: area of the south-west slope in 43 m Hstr  Straight elevation 19
9 directions
2 .
Km Asow  hearea of the west slope in 9 44 %  Smin Minimumslope 21
directions
2 .
Km AsOnw Th? area of the north-west slope in 45 % Smax  Maximum slope 21
9 directions
km 50 The le_ngth of the alignment lines is 46 % Smea  Mean slope 9
50 m in the basin
The length of the alignment lines is o Deviation  from
km 100 100 m in the basin 41 % Ssd the slope 2
km C200 The length of the alignment lines s 48 % Sran  Slope difference 24

200 m in the basin
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Table 2- Experimental methods for estimation time of concentration.

Unit Code Parameter No Unit Code Parameter No
hr Tj Johnston-Cross hr Tke  Kerpich method 1
hr  Tkar Carter hr Tw  Williams method 2
hr Te  Spy hr Tc  Chow method 3
hr Tsc  SCS empirical relation hr  Tkal California 4
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Table 3- Parameters related to the watershed flow network.

Unit Code  Parameter No Unit Code Parameter No
m  Shmim The starting elevation of the main stream 5 - So  Main stream category 1
m Shmax  The elevation of the end of the main stream 6 km Sls  Total length of stream 2
% Shnet  The elevation of the end of the main stream 7 km.km? Sd Stream density 3
% Shgro  The gross slope of the main stream 8 km Slm  The length of the main stream 4
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Table 4- Climatic parameters studied with their codes.

Unit  Code Parameter No Unit  Code Parameter No
%  Humea Mean moisture 9 mm  Rmin The least rainfall 1
% Husd Deviation from the moisture standard 10 mm  Rmax The most rainfall 2
C Tmin The lowest mean temperature 11 mm  Rrang  Rainfall difference 3
C Tmax Maximum mean temperature 12 mm Rmean Rainfall mean 4
C Trang Temperature difference 13 mm Rsd Rainfall deviation 5
C  Tmean Mean temperature 14 %  Humin The lowest moisture 6
C Tsd deviation from the temperature standard 15 %  Humax Maximum moisture 7

%  Hurang Moisture difference 8
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Table 5- Fractal parameters of the watershed.

Unit Code Parameter No Unit Code Parameter No
- FC100 Fractal lines of 100 m 4 - Fa Fractal basin area
- FC200 Fractal lines of 200 m 5 - Fp  Fractal of the basin perimeter 2
- Fst Fractal stream network 6 - FC50 Fractal lines of 50 m 3
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Table 6- Parameters related to watershed runoff.

Unit Code Parameter No Unit Code Parameter No
m’s  P2Mean  Maximum discharge of 2 years 6 m’s  P2MAX  Maximum discharge of 2 years 1
m’s Pl10Mean Maximum discharge of 10 years 7 m’s PIOMAX  Maximum discharge of 10 years 2
m’.s P25Mean  Maximum discharge of 25 years 8 m’s P25MAX  Maximum discharge of 25 years 3
m’.s P50Mean  Maximum discharge of 25 years 9 m’s P50MAX  Maximum discharge of 25 years 4
m’.s P100Mean Maximum discharge of 100 years 10 m’s PIOOMAX Maximum discharge of 100 years 5
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Table 7- Parameters related to sedimentation of watersheds.

Unit Code Parameter I;I Unit Code Parameter I;I
;on.da S2Mean Maximum sediment of 2 years 6 ;on.da S2MAX Maximum sediment of 2 years 1
;on.da S10Mean  Maximum sediment of 10 years 7 ;on.da SIOMAX  Maximum sediment of 10 years 2
;on.da S25Mean  Maximum sediment of 25 years 8 ;on.da S25MAX  Maximum sediment of 25 years 3
;on.da S50Mean  Maximum sediment of 50 years 9 ;on.da S50MAX  Maximum sediment of 50 years 4
ton.da S100Mea Maximum sediment of 100 10 ton.da SI00MA  Maximum sediment of 100 5
y n years y X years
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Table 8- Statistical summary of the parameters of the studied watersheds.

Deviation Deviation
Skewness  Kurtosis from the Max Min Average  Parameters Skewness  Kurtosis from the Max Min Average  Parameters
standard standard

512 28.04 525.3 3353.8 0 170.6 S0-2 3.64 16.76 2545.6 16771.4 16.9 1407.3 A
4.79 27.99 515.7 3730 0 2149 S2-5 1.79 3.67 203.2 1065.2 23.6 213.8 P
4.47 27.27 299.9 2230 0 148.9 S5-8 2.08 5.86 46.5 273.2 7 50.3 Le
4.16 23.02 279.2 1990 0.1 145.7 S8-12 0.06 -0.21 0.1 0.61 0.12 0.35 FF
3.47 13.97 381.5 2290 0.5 209.5 S12-20 0.86 0.81 0.29 2.94 1.47 1.98 Cg
3.09 10.28 327.4 1740 1.4 188.7 S20-30 0.15 -0.5 0.07 0.46 0.11 0.27 Re
2.73 7.34 457.2 2180 2.3 275.3 S30-60 -0.39 0.06 0.1 0.88 0.39 0.66 Re
38 16.75 110.5 710.5 0 53.6 S>60 1.7 3.28 6.77 33.89 1.58 8.53 Rw
4.77 26.8 1305.9 9151.4 03 5353 As5p 1.82 3.79 94.71 494.96 10.02 97.62 Rl
297 9.33 395.1 2000 0.1 231.6 As5n 3.64 16.76 1621.4 10682.4 10.8 896.3 D
35 15.33 3247 2100 6.1 192.2 AsSe 4 20.93 2440.5 17043.7 18.4 13473 A3d
2.85 8.79 404.1 2180 4.1 244.8 AsSs 3.74 16.38 2450.1 15666.7 11.1 1152.8 A%
2.83 8.62 337 1740 3 203.3 AsS5w -0.92 -0.02 523.4 2245 31 1336.3 Hmin
2.89 8.69 197.8 987 (] 116.2 As9n 0.3 0.96 638.2 5594 1914 3286.8 Hmax
3.26 11.62 228.2 1220 0.2 129.2 As9ne -0.39 -0.07 493.8 3267.2 755.3 2063.1 Hmea
3.85 19.32 155.5 1071.6 29 90.6 As9e 0.2 03 133.6 739 81 364 Hsd
2.92 10.02 141.8 829.9 22 88.7 As9se -0.42 0.04 512.2 3278 648 2026.6 Hmed
2.75 7.98 200.9 1060 1.6 1232 As9s 1.2 436 709.6 5230 527 1950.4 Hran
3.18 11.58 246.3 1440 0.4 139.7 As9sw -0.59 -0.14 463.4 3295.5 1135 2311.6 Hstr
2.82 8.72 157.9 850.7 0.7 96 AsOw 4.21 22.16 0.8 57 0 0.4 Smin
3.05 10.44 150.3 834.4 0.2 88.9 AsInw 1.86 6.12 53.2 381.7 51.8 1315 Smax
2.72 7.4 9524.8 45490.8 175.9 5827.3 C50 0.3 -111 12.9 52.7 7.5 27.6 Smea
2.72 7.37 4763.6 22752.2 86.1 2916.8 C100 -0.2 0.09 35 243 7.7 15.8 Ssd
2.72 7.41 2382.6 11389.5 42.7 1463.6 C200 9.27 86 439547.9 4076331 51.6 47528.8 Sran
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Table 9- Pearson correlation coefficient between physical parameters.
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Log

Log

Log

Log

Log

Log

Log

Log

Log

Log

Log

. Lo
Hstr  Hran  Hmed ™9 Hmea Hmax min vg Ald D RIL Rw Re Re Cg FF  Le P A Parameters
095 098 1 098 0098 098 099 I [ Loga
094 097 099 1 0.94 - 0.66 0.99 1 0.99
0.66 LogP
093 096 098 099 093 - 0.68 1 099 098
0.68 Log Le
1 068 -068 1 Log FF
0.67 - -1 1 - 068 066
0.68 0.68 Log Ce
- 068 1 -1 068 - -0.66
0.67 0.68 Log Re
1 068 -068 1 Log Re
093 097 098 094 1 093 094 098 | LogRw
093 097 098 1 0.94 - 0.67 0.99 1 0.98
0.67 LogRI
095 098 1 098 098 098  0.99 1 | LogD
094 1 098 097 097 096 0978 098 | LogA3d
1 094 095 093 093 093 0942 095 | LogV
0.73 0.74 0.76 1 Hmin
0.83 0.684  0.65 0.68 1 Log Hmax
0.92 0.99 1 0.68 0.76 Log Hmea
0.85 1 Hsd
0.89 1 099 065 074 Log Hmed
1 0.85 0.68 Log Hran
1 0.89 092 083 073 Log Hstr
0.7 - - - - 0.7 - )
071 069 065 0.72 0.71 | LogSmin
0.7 0.66 Log Smax
0.61 -0.6 -0.6 -0.6 -0.6 Log Smea
0.64 0.68 Log Ssd
0.72 -
0.64 Sran
078 09 091 091 088 09 091 091 | LogS0-2
079 091 092 092 089 091 092 092 | LogS2-5
081 091 093 093 09 092 093 093 | LogS5-8
0.84 092 094 094 091 093 094 094 | LogSs-12
0.88 094 095 095 092 094 095 095 | LogSI2-
20
093 094 095 095 092 094 095 095 | LogS20-
30
0.71 094 085 086 086 084 085 086 086 | LogS30-
60
0.84 0.6 0.67 Log S>60
081 092 093 093 091 092 093 093 | LogAsSp
092 092 093 092 091 092 093 093 | LogAs5n
095 095 096 095 093 095 096 096 | LogAs5e
095 094 095 094 093 093 095 095 | LogAsSs
094 095 096 096 094 094 096 096 | LogAsSw
088 088 089 089 087 088 089 089 | LogAson
093 093 094 093 092 093 094 094 | Log
As9ne
094 094 095 095 093 095 095 095 | LogAsde
096 094 095 095 093 094 095 095 | LogAs9se
094 093 095 093 093 092 094 095 | LogAs9s
089 091 092 091 091 089 091 092 | Log
As9sw
092 094 095 094 093 093 095 095 | LogAsow
093 093 094 094 091 093 094 094 | Log
As9nw
098 095 096 095 094 094 095 096 | LogC50
098 095 096 095 094 094 095 096 | LogC100
098 095 096 095 094 094 095 096 | LogC200
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Table 9- Pearson correlation coefficient between physical parameters

g Badlge  suul JUSTE a5 wlidics ) Sl Sy (oeiuw )W,

(5 b S S 19 e (g (St < w6 - Jguzr dolsl

Log

Log

Log

Log

Log

Log

Log

Lo Lo Lo Lo Lo Lo Sran Lo Lo Lo Lo
ASS%V AsSgs AsSi AsSgn AsSgp S>6g0 sg(()) : 532 (()) ) S21 é ) 5182 Sg ) SSZ- S;) ) Ssg Smega Smagx Smign parameters
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 -0.71 | Log A
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 0.71 | LogP
94 93 95 92 92 85 94 94 93 92 91 90 -0.72 | LogLe
94 93 93 91 91 84 92 92 91 90 89 89 -0.65 | LogRw
96 94 95 92 93 86 95 95 94 93 92 91 -0.69 | LogRI
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 -0.71 | LogD
95 94 95 92 92 85 94 94 92 91 91 90 -0.60 -0.70 | Log A3d
94 95 95 92 81 67 94 93 8 84 81 79 78 - 66
0.64 LogV
60 68 61 Hsd
Log Hmed
84 71 - 64 70
072 Log Hran
- -0.74  -0.83 - - - - - - 60 1 .
0.68 072 083 084 085 079 083 Log Smin
61 0.65 84 76 - 64 1
0.92 Log Smax
-0.82 - - - - - 67 1 60
067 076 081 082 080 Log Smea
0.65 - 1 0.67 0.64
0.62 Log Ssd
- -0.83 - 1 - -0.92
0.62 0.73 0.62 Sran
0.83 0.81 0.83 0.81 0.98 065 08 092 095 097 098 1 -0.8 -0.83 | LogS0-2
0.84 0.82 0.85 0.83 0.99 064 087 094 097 0.99 1 0.98 -0.82 -0.79 | LogS2-5
0.85 0.84 0.87 0.86 0.99 0.67 0.9 096  0.99 1 0.99 0.97 -0.81 -0.85 | LogS5-8
0.88 0.87  0.89 0.88 0.97 071 093 098 1 0.99 097 095 -0.76 -0.84 | LogS8-12
092 091 093 092 094 078 097 1 098 096 094 092 -0.67 083 | LogSl2-
20
0.95 0.94 0.95 0.92 0.88 0.87 1 097 093 0.9 0.87 0.86 -0.72 | Log S20-
30
0.89 0.91 0.89 0.88 0.67 0.82 1 087 078 0.71 0.67 0.64 0.65 - 0.76 Log S30-
0.73 60
0.61 0.65 1 0.82 - 0.65 0.84
0.83 Log S>60
0.86 0.84 0.86 0.84 1 067 088 094 097 099 099 098 -0.82 -0.83 | Log As5p
0.9 0.89 0.93 1 0.84 088 092 092 088 0.8 083 0.81 -0.74 | Log As5n
0.94 0.93 1 0.93 0.86 089 095 093 089 0.87 085 0.83 -0.68 | Log AsSe
0.96 1 0.93 0.89 0.84 0.65 091 094 091 0.87 084 0.82 081 - 0.651
0.62 Log As5s
1 0.96 0.94 0.9 0.86 0.61 089 095 092 088 0.85 084 0.83 0.616 Log As5w
0.85 0.85 0.88 0.98 0.81 0.84 0.9 0.9 087 0.84 0.83 0.81 -0.75 | Log As9n
0.9 0.9 0.96 0.95 0.85 087 093 091 088 0.86 0.84 0.83 -0.67 | Log As9ne
0.93 0.92 0.99 091 0.85 088 094 092 088 0.86 084 0.83 -0.67 | Log As9
0.94 0.96 0.97 0.91 0.84 0.9 095 092 0.88 0.85 0.83 0.81 -0.61 | Log As9se
0.94 0.99 0.92 0.89 0.83 0.66 091 0.93 0.9 085 0.83 0.81 0.8 - 0.65
0.63 Log As9s
0.95 0.97 0.87 0.83 0.82 0.62 085 091 088 0.84 082 0.81 0.8 - 0.64 Log
0.62 As9sw
0.99 0.94 0.92 0.88 0.84 087 093 0.9 086 0.84 083 0.82 0.6 Log As9w
0.94 0.9 0.93 0.96 0.84 089 093 092 087 0.85 082 0.81 -0.66 | LogAs9nw
0.96 0.97 0.96 0.92 0.81 0.71 096 094 088 083 0.81 079 0.79 - 0.7
0.68 Log C50
0.96 097 096 0.92 0.81 0.71 096 094 088 083 081 079 079 - 0.7
0.68 Log C100
0.96 097 096 0.92 0.81 0.71 096 094 089 084 081 079 079 - 0.7
Log C200

0.67
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Table 9- Pearson correlation coefficient between physical parameters.
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Log Log Log Log Log Log Log Log Log Log Log
€200  C100 C50  AOnmw  As9w  AsOsw  As9s  As9se  Asde  Asdne  As9n  Porameters
0.96 0.96 0.96 0.94 0.95 0.92 0.95 0.95 0.95 0.94 089 | LogA
0.95 0.95 0.95 0.94 0.95 0.91 0.94 0.95 0.95 0.94 089 | LogP
0.94 0.94 0.94 0.93 0.93 0.89 0.92 0.94 0.95 0.93 0.88 | LogLe
0.94 0.94 0.94 0.91 0.93 0.91 0.93 0.93 0.93 0.92 087 | LogRw
0.95 0.95 0.95 0.94 0.94 091 0.93 0.95 0.95 0.93 0.89 | LogRI
0.96 0.96 0.96 0.94 0.95 0.92 0.95 0.95 0.95 0.94 089 | LogD
0.95 0.95 0.95 0.93 0.94 0.91 0.93 0.94 0.94 0.93 0.88 | LogA3d
0.98 0.98 0.98 0.93 0.92 0.89 0.94 0.96 0.94 0.93 088 | LogV
0.66 061 -067  -067  -075 | LogSmin
0.7 0.7 0.7 0.6 0.64 0.65 Log Smax
067  -0.68  -0.68 062 -0.63 Sran
0.79 0.79 0.79 0.81 0.82 0.8 0.8 0.81 0.83 0.83 0.81 | LogS0-2
0.79 0.79 0.79 0.82 0.83 0.81 0.81 0.83 0.84 0.84 0.83 | Log$S2-5
0.81 0.81 0.81 0.85 0.84 0.82 0.83 0.85 0.86 0.86 0.84 | LogS5-8
0.84 0.83 0.83 0.87 0.86 0.84 0.85 0.88 0.88 0.88 0.87 | Log$s-12
0.89 0.88 0.88 0.92 0.9 0.88 0.9 0.92 0.92 0.91 09 | LogSl2-
20
0.94 0.94 0.94 0.93 0.93 0.91 0.93 0.95 0.94 0.93 0.9 | LogS20-
30
0.96 0.96 0.96 0.89 0.87 0.85 0.91 0.9 0.88 0.87 0.84 | LogS30-
60
0.71 0.71 0.71 0.62 0.66 Log $>60
0.81 0.81 0.81 0.84 0.84 0.82 0.83 0.84 0.85 0.85 0.81 | LogAs5p
0.92 0.92 0.92 0.96 0.88 0.83 0.89 0.91 0.91 0.95 098 | LogAssn
0.96 0.96 0.96 0.93 0.92 0.87 0.92 0.97 0.99 0.96 0.88 | Log Asse
0.97 0.97 0.97 0.9 0.94 0.97 0.99 0.96 0.92 0.9 0.85 | LogAs5s
0.96 0.96 0.96 0.94 0.99 0.95 0.94 0.94 0.93 0.9 0.85 | LogAssw
0.88 0.88 0.88 0.93 0.83 0.79 0.85 0.87 0.87 0.92 1 Log As9n
0.93 0.93 0.93 0.91 0.88 0.85 0.9 0.91 0.95 1 09 | Log AsOne
0.95 0.95 0.95 0.93 0.92 0.85 0.91 0.97 1 0.95 0.87 | LogAs9e
0.96 0.96 0.96 0.93 0.93 0.9 0.95 1 0.97 0.91 0.87 | LogAs9se
0.96 0.96 0.96 0.89 0.93 0.96 1 0.95 0.91 0.9 0.85 | Log As9s
0.92 0.92 0.92 0.84 0.94 1 0.96 0.9 0.85 0.85 0.79 | Log AsOsw
0.95 0.95 0.95 0.93 1 0.94 0.93 0.93 0.92 0.88 083 | LogAsow
0.94 0.94 0.94 1 0.93 0.84 0.89 0.93 0.93 0.91 093 | Log
As9nw
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | Log(C50
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | LogC100
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | Log(C200
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Table 10- Pearson correlation coefficient between physical parameters and flow network.

Log Shgro Log Shnet Log Shmax Log Shmim Log Slm Log Sd Log Sls So parameters
-0.9 -0.8 0.98 1 0.96 Log A
-0.91 -0.8 0.99 0.99 0.95 LogP
-0.91 -0.79 0.99 0.98 0.93 Log Le
-0.62 0.66 LogCg
0.62 -0.66 Log Re
-0.86 -0.78 0.93 0.98 0.95 Log Rw
-0.91 -0.8 0.99 0.99 0.94 Log Rl
-0.9 -0.8 0.98 1 0.96 LogD
-0.88 -0.79 0.96 0.99 0.95 Log A3d
-0.78 -0.63 0.95 0.94 0.91 LogV
1 Hmin

0.83 Log Hmax

0.76 0.76 Log Hmea

0.72 0.75 Log Hmed

0.8 0.73 Log Hstr
0.74 0.72 -0.66 -0.75 -0.65 Log Smin
0.78 0.88 0.64 -0.81 -0.65 -0.6 Log Smea
-0.93 -0.92 0.89 0.69 0.93 0.89 Log S0-2
-0.95 -0.92 0.9 0.69 0.94 0.89 Log S2-5
-0.95 -0.9 0.91 0.68 0.94 0.9 Log S5-8
-0.94 -0.88 0.92 0.64 0.95 0.91 Log S8-12
-0.93 -0.84 0.95 0.96 0.93 Log S12-20
-0.87 -0.74 0.96 0.95 0.92 Log S20-30
-0.65 0.87 0.85 0.82 Log S30-60
-0.95 -0.92 0.91 0.7 0.95 0.91 Log As5p
-0.83 -0.71 0.93 0.92 0.9 Log As5n
-0.85 -0.71 0.96 0.95 0.91 Log As5e
-0.82 -0.68 0.94 0.95 0.91 Log As5s
-0.84 -0.7 0.95 0.96 0.94 Log As5w
-0.8 -0.7 0.89 0.89 0.86 Log As9n
-0.85 -0.71 0.93 0.93 0.9 Log As9ne
-0.85 -0.7 0.95 0.95 0.91 Log As9e
-0.83 -0.69 0.96 0.95 0.9 Log As9se
-0.81 -0.67 0.93 0.94 0.9 Log As9s
-0.81 -0.68 0.9 0.92 0.89 Log As9sw
-0.83 -0.69 0.93 0.94 0.93 Log As9w
-0.82 -0.7 0.94 0.93 0.91 Log As9nw
-0.79 -0.63 0.95 0.95 0.91 Log C50
-0.79 -0.63 0.95 0.95 0.91 Log C100
-0.79 -0.64 0.95 0.95 0.91 Log C200
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Table 11- Pearson correlation coefficient between parameters (physical and flow network) and time of concentration.

Log Tsc Log Te Log Tkar Log Tj Log Tkal Log Tc Log Tw Log Tke Log Fst parameters
0.97 0.97 0.97 0.95 0.97 0.97 0.8 0.97 0.94 Log A
0.98 0.98 0.98 0.96 0.98 0.98 0.82 0.98 0.92 LogP
0.98 0.98 0.98 0.95 0.98 0.98 0.82 0.98 0.91 LogLe
0.66 0.64 0.64 0.62 0.66 0.66 0.61 0.66 Log Cg
-0.66 -0.64 -0.64 -0.62 -0.66 -0.66 -0.61 -0.66 Log Re
0.92 0.93 0.93 0.92 0.92 0.92 0.75 0.92 0.94 Log Rw
0.98 0.98 0.98 0.96 0.98 0.98 0.83 0.98 0.92 LogRI
0.97 0.97 0.97 0.95 0.97 0.97 0.8 0.97 0.94 LogD
0.95 0.96 0.96 0.94 0.95 0.95 0.79 0.95 0.93 Log A3d
091 0.9 0.9 0.86 091 0.91 0.66 091 0.87 LogV
-0.74 -0.74 -0.74 -0.77 -0.74 -0.74 -0.65 -0.74 -0.66 Log Smin
-0.65 -0.68 -0.68 -0.74 -0.65 -0.65 -0.82 -0.65 -0.65 Log Smea
0.92 0.94 0.94 0.96 0.92 0.92 0.9 0.92 0.89 Log S0-2
0.93 0.95 0.95 0.96 0.93 0.93 0.9 0.93 0.9 Log S2-5
0.94 0.95 0.95 0.96 0.94 0.94 0.9 0.94 0.9 Log S5-8
0.95 0.96 0.96 0.96 0.95 0.95 0.88 0.95 0.91 Log S8-12
0.96 0.96 0.96 0.95 0.96 0.96 0.85 0.96 0.91 Log S12-20
0.95 0.94 0.94 0.92 0.95 0.95 0.77 0.95 0.9 Log S20-30
0.81 0.8 0.8 0.74 0.81 0.81 0.81 0.77 Log $30-60
0.94 0.96 0.96 0.97 0.94 0.94 0.9 0.94 0.91 Log As5p
0.91 0.91 0.91 0.88 0.91 0.91 0.73 0.91 0.84 Log As5n
0.94 0.93 0.93 0.9 0.94 0.94 0.74 0.94 0.89 Log AsSe
0.92 091 091 0.88 0.92 0.92 0.7 0.92 0.89 Log As5s
0.93 0.92 0.92 0.89 0.93 0.93 0.72 0.93 0.91 Log As5w
0.88 0.87 0.87 0.85 0.88 0.88 0.72 0.88 0.8 Log As9n
0.92 0.92 0.92 0.89 0.92 0.92 0.73 0.92 0.86 Log As9ne
0.94 0.93 0.93 0.9 0.94 0.94 0.74 0.94 0.89 Log As%¢
0.93 0.93 0.93 0.89 0.93 0.93 0.73 0.93 0.88 Log As9se
0.91 0.9 0.9 0.87 0.91 0.91 0.69 0.91 0.88 Log As9s
0.89 0.88 0.88 0.85 0.89 0.89 0.68 0.89 0.89 Log As9sw
0.92 091 091 0.88 0.92 0.92 0.7 0.92 0.91 Log As9w
0.92 0.92 0.92 0.89 0.92 0.92 0.73 0.92 0.86 Log As9nw
0.92 0.9 0.9 0.86 091 0.91 0.66 091 0.88 Log C50
091 0.9 0.9 0.86 091 0.91 0.66 091 0.88 Log C100
0.92 091 0.91 0.86 0.92 0.92 0.66 0.92 0.88 Log C200
0.92 0.92 0.92 0.91 0.92 0.92 0.76 0.92 0.92 So
0.97 0.97 0.98 0.96 0.97 0.97 0.82 0.97 0.95 Log Sls
0.62 0.66 Log Sd
0.99 0.98 0.98 0.96 0.99 0.99 0.83 0.99 0.9 Log Slm
-0.63 Log Shmax
-0.84 -0.87 -0.88 -0.92 -0.84 -0.84 -0.96 -0.84 -0.79 Log Shnet
-0.96 -0.96 -0.96 -0.97 -0.96 -0.96 -0.94 -0.96 -0.87 Log Shgro
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Table 12- Pearson between parameters (physical, flow network and time of concentration) and climate.

Log Log Log Log Log Log Log Log Log Log Log Log

Tsd Trang Husd Hurang Rsd Rrang parameters Tsd Trang Husd Hurang Rsd Rrang parameters
0.61 0.64 0.67 Log As9ne 0.63 0.65 0.63 0.66 0.64 0.67 Log A
0.61 0.62 0.61 0.63 0.66 Log As9e 0.63 0.64 0.61 0.64 0.66 0.68 Log P
0.64 0.65 0.65 0.68 0.64 0.66 Log As9se 0.62 0.63 0.62 0.63 0.66 Log Le
0.71 0.72 0.70 0.73 0.70 0.72 Log As9s 0.61 0.63 0.64 0.67 0.61 0.64 Log Rw
0.72 0.74 0.69 0.71 0.69 0.71 Log As9sw 0.63 0.64 0.60 0.63 0.66 0.68 LogRI
0.66 0.68 0.63 0.66 0.68 0.70 Log As9w 0.63 0.65 0.63 0.66 0.64 0.67 LogD
0.61 0.62 0.64 Log As9nw 0.62 0.64 0.63 0.65 0.64 0.67 Log A3d
0.70 0.72 0.67 0.70 0.70 0.72 Log C50 0.65 0.67 0.67 0.70 0.65 0.67 LogV
0.70 0.72 0.67 0.70 0.70 0.72 Log C100 0.65 0.65 0.61 0.62 Log Smax
0.71 0.72 0.67 0.70 0.70 0.72 Log C200 0.60 -0.62 Sran
0.60 0.62 0.60 0.63 0.60 0.63 So 0.62 Log S12-20
0.61 0.63 0.62 0.65 0.63 0.65 Log Sls 0.61 0.62 0.62 0.65 0.65 0.67 Log S20-30
0.62 0.63 0.61 0.64 0.63 0.65 Log Slm 0.70 0.70 0.62 0.65 0.68 0.70 Log S30-60
0.60 0.61 0.63 Log Tke 0.62 0.62 Log S>60
0.60 0.61 0.63 Log Tc 0.61 0.63 Log As5n
0.60 0.61 0.63 Log Tkal 0.63 0.64 0.60 0.63 0.65 0.67 Log As5e
0.60 0.61 Log Tkar 0.71 0.72 0.70 0.72 0.70 0.72 Log As5s
0.60 0.61 Log Te 0.67 0.69 0.64 0.67 0.68 0.71 Log As5w
0.61 0.61 0.63 Log Tsc
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Table 13- Pearson correlation coefficient between parameters (physical, flow network, time of concentration, climate) and
fractal dimension.

Log Fst Log FC200 Log FC100 Log FC50 parameters Log Fst Log FC200 Log FC100 Log FC50 parameters
0.89 0.79 0.78 0.68 Log As9e 0.94 0.77 0.75 0.65 Log A
0.88 0.82 0.81 0.73 Log As9se 0.92 0.76 0.73 0.63 Log P
0.88 0.84 0.83 0.76 Log As9s 0.91 0.75 0.71 0.6 Log Le
0.89 0.78 0.79 0.71 Log As9sw 0.94 0.77 0.75 0.67 Log Rw
0.91 0.8 0.8 0.7 Log AsOw 0.92 0.76 0.72 0.62 LogRI
0.86 0.8 0.77 0.69 Log As9nw 0.94 0.77 0.75 0.65 LogD
0.88 0.89 0.89 0.8 Log C50 0.93 0.76 0.74 0.65 Log A3d
0.88 0.89 0.89 0.8 Log C100 0.87 0.86 0.85 0.78 LogV
0.88 0.89 0.88 0.8 Log C200 0.75 0.78 0.78 Log Hran
0.92 0.72 0.71 0.62 So -0.66 Log Smin
0.95 0.74 0.71 0.61 Log Sls 0.73 0.8 0.74 Log Smax
0.9 0.76 0.74 0.64 Log Slm -0.65 Log Smea
-0.79 Log Shnet Log Ssd
-0.87 Log Shgro -0.71 -0.79 -0.74 Sran
0.91 0.69 0.66 Log Tke 0.89 Log S0-2
0.77 Log Tw 0.9 Log S2-5
0.91 0.69 0.66 Log Tc 0.9 Log S5-8
0.91 0.7 0.66 Log Tkal 0.91 Log S8-12
0.91 0.62 Log Tj 0.91 0.67 0.64 Log S12-20
0.91 0.68 0.64 Log Tkar 0.9 0.78 0.77 0.67 Log S20-30
0.91 0.68 0.64 Log Te 0.77 0.91 0.93 0.86 Log $30-60
0.91 0.7 0.66 Log Tsc 0.82 0.86 0.83 Log $>60
0.74 0.67 0.64 Log Rrang 0.91 Log As5p
0.73 0.66 0.63 Log Rsd 0.84 0.78 0.76 0.69 Log As5n
0.72 0.66 0.66 Log Hurang 0.89 0.8 0.79 0.69 Log As5e
0.7 0.63 0.64 Log Husd 0.89 0.83 0.83 0.76 Log As5s
0.74 0.71 0.67 Log Trang 0.91 0.82 0.81 0.71 Log As5w
0.73 0.71 0.67 Log Tsd 0.8 0.73 0.72 0.65 Log As9n
0.86 0.78 0.77 0.69 Log As9ne
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Table 14- Pearson correlation coefficient between parameters and discharge with different return periods.

Log P100 Log P50 Log P25 LogP10  LogP2 Log P100 Log P50 Log P25 Log P10 Log P2 parameters
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log A
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log P
0.71 0.69 0.67 0.65 0.78 0.79 0.8 0.8 0.74 Log Le
0.71 0.69 0.67 0.64 0.76 0.78 0.79 0.79 0.73 Log Rw
0.72 0.71 0.69 0.66 0.78 0.8 0.81 0.8 0.75 Log Rl
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log D
0.72 0.7 0.68 0.65 0.77 0.79 0.8 0.79 0.73 Log A3d
0.77 0.75 0.74 0.71 0.65 0.77 0.8 0.81 0.81 0.77 LogV
0.61 0.61 0.61 0.61 0.62 Log Hran
0.74 0.74 0.73 0.73 0.72 0.6 0.63 0.67 0.72 Log Smax
-0.71 -0.71 -0.7 -0.69 -0.67 -0.6 -0.63 -0.65 -0.67 Sran
0.69 0.7 0.7 0.68 0.6 Log S0-2
0.69 0.69 0.69 0.68 0.6 Log S2-5
0.71 0.72 0.72 0.7 0.61 Log S5-8
0.73 0.74 0.74 0.72 0.63 Log S8-12
0.76 0.78 0.78 0.77 0.69 Log S12-20
0.64 0.63 0.61 0.66 0.61 0.79 0.81 0.82 0.82 0.76 Log S20-30
0.72 0.71 0.69 0.78 0.75 0.74 0.77 0.79 0.81 0.8 Log S30-60
0.82 0.81 0.8 0.67 0.67 0.63 Log S>60
0.68 0.68 0.67 0.7 0.71 0.71 0.69 0.61 Log As5p
0.73 0.72 0.7 0.68 0.62 0.76 0.78 0.78 0.78 0.73 Log As5n
0.73 0.72 0.7 0.68 0.62 0.75 0.77 0.79 0.79 0.75 Log As5e
0.78 0.76 0.74 0.72 0.66 0.79 0.82 0.83 0.84 0.8 Log As5s
0.76 0.74 0.72 0.7 0.64 0.79 0.81 0.83 0.83 0.79 Log As5w
0.7 0.69 0.67 0.65 0.72 0.74 0.75 0.74 0.68 Log As9n
0.75 0.74 0.72 0.7 0.64 0.75 0.78 0.79 0.8 0.76 Log As9ne
0.72 0.7 0.68 0.66 0.6 0.73 0.76 0.77 0.78 0.74 Log As9e
0.73 0.72 0.7 0.67 0.62 0.76 0.78 0.79 0.79 0.74 Log As9se
0.78 0.76 0.74 0.72 0.66 0.79 0.81 0.82 0.83 0.79 Log As9s
0.75 0.74 0.72 0.69 0.63 0.79 0.81 0.83 0.83 0.79 Log As9sw
0.75 0.73 0.71 0.68 0.62 0.77 0.8 0.81 0.82 0.78 Log As9w
0.71 0.7 0.68 0.66 0.6 0.75 0.77 0.78 0.77 0.72 Log As9nw
0.81 0.8 0.78 0.76 0.71 0.78 0.81 0.83 0.84 0.82 Log C50
0.81 0.8 0.78 0.76 0.71 0.78 0.81 0.83 0.84 0.82 Log C100
0.81 0.8 0.78 0.76 0.71 0.79 0.81 0.83 0.84 0.82 Log C200
0.67 0.65 0.63 0.6 0.74 0.76 0.77 0.77 0.71 So
0.7 0.68 0.66 0.63 0.77 0.79 0.8 0.8 0.73 Log Sls
0.71 0.69 0.67 0.65 0.79 0.8 0.81 0.8 0.74 Log Slm
-0.69 -0.7 -0.7 -0.69 -0.61 Log Shgro
0.74 0.74 0.74 0.74 0.74 0.64 0.66 0.68 0.7 0.72 Log FC50
0.79 0.79 0.78 0.77 0.76 0.67 0.7 0.73 0.75 0.77 Log FC100
0.82 0.81 0.81 0.8 0.78 0.73 0.76 0.79 0.81 0.81 Log FC200
0.62 0.6 0.7 0.72 0.72 0.72 0.67 Log Fst
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tke
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tc
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tkal
0.72 0.73 0.73 0.71 0.62 Log Tj
0.64 0.62 0.75 0.76 0.77 0.75 0.67 Log Tkar
0.64 0.62 0.75 0.76 0.77 0.75 0.67 Log Te
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tsc
Log P100 Log P50 Log P25 LogP10  LogP2 Log P100 Log P50 Log P25 Log P10 Log P2 parameters
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX
0.75 0.76 0.76 0.78 0.79 0.61 0.71 Log Rmax
0.84 0.84 0.84 0.83 0.82 0.68 0.72 0.74 0.77 0.8 Log Rrang
0.6 0.61 0.62 0.64 0.67 Log RMean
0.83 0.83 0.83 0.82 0.81 0.67 0.7 0.73 0.76 0.79 Log Rsd
0.61 0.6 0.62 0.63 0.64 0.64 0.62 Log Hurang
0.61 0.61 0.61 0.6 Log Husd
0.76 0.76 0.76 0.76 0.74 0.64 0.67 0.71 0.78 Log Trang
0.76 0.76 0.76 0.76 0.74 0.63 0.67 0.71 0.77 Log Tsd
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Table 15- Pearson correlation coefficient between parameters and discharge with different return periods.

Log S100 Log S50 Log S25 Log S10 Log S2 Log S100 Log S50 Log S25 Log S10 Log S2
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX parameters
0.84 0.84 0.83 0.81 0.74 0.61 0.66 0.69 0.74 0.8 Log A
0.84 0.83 0.82 0.8 0.73 0.61 0.65 0.69 0.73 0.79 Log P
0.83 0.83 0.82 0.8 0.73 0.61 0.65 0.69 0.73 0.79 LogLe
0.83 0.83 0.82 0.8 0.72 0.61 0.65 0.68 0.73 0.78 Log Rw
0.83 0.83 0.82 0.8 0.73 0.61 0.65 0.68 0.72 0.79 Log Rl
0.84 0.84 0.83 0.81 0.74 0.61 0.66 0.69 0.74 0.8 Log D
0.84 0.84 0.83 0.8 0.72 0.61 0.65 0.69 0.73 0.78 Log A3d
0.86 0.86 0.86 0.85 0.78 0.63 0.67 0.7 0.75 0.81 LogV
-0.62 -0.65 -0.67 Hmin
0.61 0.62 0.64 0.63 Log Smax
-0.61 Sran
0.67 0.66 0.65 0.62 0.61 0.64 Log S0-2
0.69 0.68 0.67 0.64 0.62 0.65 Log S2-5
0.73 0.72 0.71 0.68 0.62 0.66 0.69 Log S5-8
0.76 0.76 0.74 0.72 0.64 0.62 0.65 0.69 0.72 Log S8-12
0.81 0.81 0.8 0.78 0.71 0.64 0.68 0.72 0.77 Log $12-20
0.86 0.86 0.85 0.84 0.78 0.6 0.65 0.69 0.74 0.82 Log $20-30
0.84 0.85 0.86 0.85 0.82 0.63 0.67 0.72 0.8 Log $30-60
0.71 0.71 0.69 0.66 0.61 0.64 0.68 Log As5p
0.83 0.84 0.83 0.82 0.77 0.62 0.66 0.69 0.73 0.78 Log As5n
0.85 0.85 0.85 0.83 0.77 0.64 0.68 0.73 0.8 Log AsSe
0.84 0.84 0.83 0.82 0.76 0.63 0.67 0.72 0.8 Log As5s
0.86 0.86 0.85 0.84 0.79 0.63 0.68 0.73 0.81 Log As5w
0.8 0.8 0.8 0.79 0.73 0.6 0.64 0.67 0.7 0.74 Log As9n
0.82 0.83 0.82 0.81 0.75 0.64 0.68 0.72 0.79 Log As9ne
0.84 0.84 0.84 0.82 0.77 0.63 0.67 0.72 0.79 Log As9e
0.85 0.85 0.84 0.83 0.78 0.63 0.67 0.72 0.79 Log As9se
0.82 0.83 0.82 0.81 0.75 0.62 0.66 0.7 0.78 Log As9s
0.81 0.81 0.8 0.79 0.73 0.61 0.65 0.7 0.78 Log As9sw
0.84 0.84 0.84 0.83 0.77 0.61 0.66 0.71 0.8 Log As9w
0.85 0.85 0.85 0.84 0.78 0.63 0.67 0.71 0.78 Log As9nw
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log C50
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log C100
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log €200
0.82 0.82 0.82 0.8 0.73 0.62 0.66 0.71 0.78 So
0.83 0.83 0.82 0.79 0.71 0.61 0.65 0.69 0.73 0.78 Log Sls
0.83 0.83 0.82 0.8 0.74 0.63 0.66 0.7 0.74 0.8 Log Slm
-0.61 -0.64 -0.67 Log Shmim
-0.68 -0.68 -0.66 -0.64 -0.62 -0.66 Log Shgro
0.66 0.67 0.69 0.71 0.72 0.64 Log FC50
0.75 0.76 0.77 0.79 0.78 0.61 0.71 Log FC100
0.73 0.74 0.75 0.77 0.76 0.63 0.71 Log FC200
Log S100 Log S50 Log S25 Log S10 Log S2 Log S100 Log S50 Log S25 Log S10 Log S2
Mean Mean Mean Mcan Mean MAX MAX MAX MAX MAX parameters
0.77 0.77 0.76 0.73 0.65 0.63 0.67 0.74 Log Fst
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tke
0.8 0.79 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tc
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tkal
0.75 0.75 0.73 0.71 0.62 0.62 0.65 0.68 0.72 Log Tj
0.79 0.79 0.77 0.75 0.67 0.6 0.64 0.68 0.71 0.76 Log Tkar
0.79 0.79 0.77 0.75 0.67 0.6 0.64 0.68 0.71 0.76 Log Te
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.68 0.71 0.77 Log Tsc
0.61 0.64 0.68 Log Rrang
0.6 0.63 0.67 Log Rsd
0.61 0.6 Log Hurang
0.61 0.63 0.66 0.66 Log Trang
0.6 0.63 0.66 0.66 Log Tsd
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Extended Abstract

Introduction and Goal

Understanding the role and influencing factors of soil erosion is crucial for effective management and
recognition of erodible land areas. Watershed management is one of the most sensitive and complex
types of resource and production management. The fractal dimension can be used to examine the
complexity of data and simplify complex natural phenomena. This tool enables generating fractal
patterns to assess the morphological behavior and power of watersheds. This research focused on the
connection and interplay between the morphological characteristics of the watershed and the fractal
dimension in the creation of runoff and sediment.

Materials and Methods

In this research, the necessary data were obtained from the statistics of the country in the water
measuring and observation stations of the watershed. The base maps were utilized to determine the
watershed characteristics. The calculation of the fractal characteristics was done in Fractalyse 2.4
software by utilizing the box counting method. The factor analysis method was used to identify 85
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features related to watershed. In this research, for further analysis, the size of annual runoff and
sediment was investigated using different return periods. Therefore, 5 different scenarios were
considered based on the homogeneity of the watershed, climatic characteristics, physical and
morphological characteristics of the watershed, physical and climatic characteristics simultaneously,
and fractal characteristics of the watershed. The correlation between estimated irrigation and
sediment size (with different return periods) and different morphological features was also carried
out.

Results and Discussion

The results of the factor analysis technique showed that among the 85 parameters related to the
watershed, 18 are the effective parameters of the area, the slope area is §-12 and 12-20%, the area
of the east slope in 9 directions, the length of the 100-m level lines in the watershed, the total
length of the stream , the concentration time base Kirpich method, elevation difference, fractal of
200-m level lines, deviation from the moisture standard, temperature difference, average slope, net
slope of the main stream, average temperature, average moisture, average precipitation, elongation
coefficient and fractal of the basin environment. Also, the fractal dimension of the 200-m
horizontal lines and the fractal dimension of the watershed environment were able to significantly
explaintheoverall changesindischargeand sedimentation. Thisfindingexplained well therole of fractal
characteristics in the relationship between irrigation and sedimentation.

Conclusions and Suggestion

Based on the results of this research, it was found that almost all the effective factors in
estimating discharge and sedimentation in large watersheds are summarized in the area and fractal of the
watershed environment, and these two features justify the most changes in discharge and
sedimentation. Therefore, with the reduction of the area of watersheds, the role of other factors such
as the direction of the slope, the net slope of the waterway, etc., is more evident in explaining the
changes, and it can be said that dividing large watersheds into smaller watersheds is the best measure
to control the erosion and runoff of watersheds. Implementing watershed management measures in
these small sub-watersheds is the next step. The reduction of watershed area in most relationships
is sufficient to justify up to 70% of sediment changes. This research findings should be utilized by
users and beneficiaries to implement watershed development and management programs.

Keywords: Erosion, fractal dimension, homogenous watersheds, runoff, self-similarity



e
R
%

. ° R prbas
53 /'%TJ $ J’Z}/ Q&jﬁ
o/ 9 2.8

WGL,:’.’GL'/;J;,;&GJ/T;.:,QJ;J// YAAV=Y YA bLs Q’J/’O/@/;j;rﬂ.;ﬁ_};utjp

V3o ) sl (sandl ag 3 Cmilo (5 0L S e (14 (L)
399l 5b 0l 4o

Yoo. .. . #Y ..
395 0505 ¢ i 01 )5 el il ¢ g s e

ool (e ol B liwl (xub mls g (55)5liS U")9‘°] 5 Cladod Sy ‘Lg)b)',;’uj 9 Sb bl wladss Lisuy Hbholwl Y= o)
Olnl et 159l gy g gl i
«ladzs ylojlw o liw ) bl s il o (65,8l L):‘))’}a] 5 Oladsy S 4 ‘6)13}3591 5 SB bl olidss sy jbobul - ¥

ol blp s «giskis @y 5 el

Lo (5005

Gud g doddlo
GOy Sa e bl 1 (o (05U sla by, jleslaial b (h5adiee; lad ) Coalas ganany
G50l Joe gy aw jloolainl b (o5 oy olas ) Conlus S (5l Jow ciagh onl 5l Gas .ol
ol 938l og SVM) Olaiin o pepiile Jow o (ME) ‘55).4.:1 Saion (RF) olar K> ile
dmlis (598, Glal > pliwl Galics )b mul )3 3o Sl Conlas Ganaig ;o s tal 2L

L gy g lge

Ll Q.g.‘ USSP TR0 64.]43.3 Yy l.:)b ).ou‘ LgL@u»)xJuM) QM,S‘)) (CA—nds 64-.’& (B9 Q‘i‘ 59
4255 b mizeed W e (1Y) Joo (e Lol g (AV+) Joo (h90] sl aims g0 4y ol JSiay
sy g ob plulid oudaslllas sadlate )3 b33l ome; oo 2 5 Jolo V7 w00 S wlie (o) 2 40
D9y s bl (038 e (Blominl) Hlas (gadd e ol agd (LSl a Sledbl sailelw jo 098,
Q8) S gaz (a3l 5l laJas LS Gamlin 5 s5lo Joo Como bl sl ol o 0d s 3250
A eolazw!

g3 dlio goi

Dastranj66@gmail.com : Saig oS Comy W80 J ghunmoss

LSV PR RU0.] PRFP-JOL 1 PPl -G ROV L S PSS I b 0 SR SY VIR YT S SRS S P SICORRIR S e ovt)
AYYVEY (V) YV s, lomsul slo oy yelics |b el jo (o)) as gasss
10.22092/WMRJ.2023.361650.1531 : Jtezms (sawlls

AR TR R e PR FIRE 38 RFTL SN UR W SR CILE 28 708 VI LN SC SH PP SR IR SRVAR JARIPOL IR P PR
AFY B VY claamin VF ¥ (el D FY Ly so,lad oY oyl PV go,00 VoY Lo s lopuin] slaimsiy
OBy © 0938 Ol g qolie 5 (55,5l S0l 5 Dl 35 501 el




U’/’/TU’ f&}j

eyl (A (AT 3D il (§ 53k S 2I)B (b))

550) 6l (QS= 2 1VA) 5 Jow plpieas RF) ol S Joe o9, a5 sl (s gl ol gl
A QS LME) g1 gaiin Jao g -1V F L 21, QS LISVM) (lasay Jlo p slaoe ooy 5

oy (om sbecaslsl i gay /WY L
Lolpasian 9 (5 yo5 ampis

Sty ol Gola 0o ) S50 )5 o0 5 S @l po (Bolad S Joe Rk nl mls wlal
Sy i mlt b (ol p 958l o plowl Slawe slaadib b sgzge (ABly Ll i b Jow ol 5l ool
Gl oadaslllas gaihaie )3 39290 (Aly Lul B g (Solad Sz Jowe sl eslitul b (b33 ey Sl
ol b gloails )3 (2 oo Slles 35505 (5,8 L a5 0t ezt ploxil .ol 3925 0Ll
ol 00z )15 0y Wiy 5l ddlaie Sl 51 LVOIO (5 Joe olgieas Bolar Kz Jaw bl 50k

Ll 5l Jle mlie (arass 5 565 Oloy 4 A Gl Capae ln ecnlnle

SHobad oo Jow (38 ) (5900 ) lwly3 bl )b sl s gauls (5l

$b) (Syae oras gaSe—d i Jeld - dle 550k
3kly (Vo VA hSe 5 555—lo 5 VoYY (]S
5 St olong YoV San g ule) St
ohSe 5 Silo) lociiy Jlopepile (Yo VA K
Ol g VoV Len g (S g) (Bolas Sz o (V- VY
ooy ol cobl fmsls Ldsas (Y- LS
Cowl (g4 285 (gans 6l ol cdo b sl el
N olar K> Jow ailoab eolaul b33 pe
ool S50 (g3l Jae g cudle (5, 850L sla b,
sl o 5l svnlcwwods gloazs 5ol b as .l
ot Bilies; a3 oo Lo SUsS
(VoY oS 5 6,0 >) aiS o 3yl |y (lae
(VoVN) e 5 55 ahoa 5l g )ledp Ol St
5 (VYY) e 5 s (T 12) e § (S
sskaieds 093 (gld oy 13 (VoY) o) Sa 5 5315
Solad Joz Jae 5l pdl eey Cosle gy
ol Soke o, Xaegy ol sl asl .ailes S solar il
Gdai ) (g S (Bolal S Jae 4S5 0
o el sla o jocls (hisl ey Cowlus
Gy Joo (il 5550 b, ) 0o
oadsoslatuwl (glod yiuS JSiay a5 Cu! ME) @5)151
k’)‘)l&w 9 oo‘)’;,‘.?) (Y+V9) leio.fb 9 S )90 RO
e 5 201555 (T VA) S g uS S ¥+ VA)
sl ipgss o (Yo VA) Lo (ga il o (Y1)
Sl b)) 50 (298] (A (g, 5l 255
Ol ieghy ol sloaidl wlos S ool wl (554 ye
nargy ;> ME) s 23T gan—t Joo (=5
Slagis 31 %3 (K05 anlil) B3y Sl

Ao
o S ooty any S bl 540c00)
Ohlen 5 Liderme) WS (o0 3)ly (3,9LaS” slacs) 9
w)—&lw) olx}) (Y‘ YA u‘)u 9 L‘>’>>L> 9 Y.V
5 =h) Slaome) ol (ol i Bs o9l e
acbue Jdoas ol pl joiS 08 0 Sludl wlals 2>
Cale) g ol Co e s oLl Ll b oy
oyblrsy ;525 S plyieas care glaailinl (0,55
ol (Va0 L ee g goex)l) J.J‘sc Sla—day
Sl—nsS s 3blie o Lo yiisl ) ol
335l sk 4 il Slss 5 oo,z o]
cib @ az g Lo (Vo obol b b pussdy g s5)
@boled 6l gaxly gy (BIime) olas ) g0 S
)15 0929 sl b5l sl (gaba ALE sa g
bl 5l laegozme (oo slagts; 65554 Lo
A | aige gooliiwl g g3lwoslel (gl 580
o Jow ool puzen g (o33 o) (ga—udigy
5 elled JSie oS wlioe ool S53) (Snin
GA—i apd oo ol 1) (s ey s gaaig,
Ol el Sl (ol S i Sl
S5 by el o 8 Oleludl sl iy jslaie 4
ot Yl baiss b poran (Y00 w) cul
5 Oyl g oo pole laiaisls il waige 1y
(65,35 sl c—nlie slag e Sl 6l ol pae
VooV oan 4 olSIS,1 g VeV e oK 5 5015,5)
e iy, aile (g5lSeols Lo g, ! slo Jlw o

O



VF oY laal O FY by (o,lowd F (50 lows XV (50,90

Dy ot (oyme 10 gL g (65,5LaS slaie;
S 3blio (plwlids &9 08 09, cnl 5o

U’/'V{Td f&)j

Sl oAy ©lp Joe ool 5l g ol 5o

2 e Sl e el Gl 5o S50 Slas
Ll cpl Hoall ails dalaie po e slaidl g Suij
Joe Jolts ile (6550l ) a5l Gigly (nl o
Joe s ME) 9,01 saicin «(RF) olas >
G5 (e sl ganag 0 SVM) ol oy
oolitl (59, pluly> bl ) jmliad Jb szl o
ol il Jow coro bl jehate 4y w0l

A ooliul (QS) coutS xax

L gy g olge

sadsantlae gdilio

OA®¥O YY Lldlis Job sodgamme ;o ,b jusul
¥POYN A LLél s oy g B, 5 0OAOY ¥ L
sellin oo sla arals jo g Js ¥POYF V' s
sadlaie CoaBge .l jplios Hlew ol Jloi o a5
b gesal sl oas ol locs ) SS jo oadaslllas
Sl élo}ﬂ—o,lu:.g SN E U S = IV /)
sla=lg (c_ly’l () DY g (gaze S A S
Ol 59y (smlidiinme) pow 5 p93 (390 (s29m) 5 (Kinw
ax 0 VAAA el (nSiles cans ol aidly oy oS
9 WY ol ey oty (pyiiion 9 (0 %S 5 Sl
el )5 a5l e YAAY

(YY) obl,e g basiwl .o eoliiwl o34y 4
(F12) e 5 ol (Y1) Ko 5 g0l55,5
b og3 slagiegs ;0 7 (V- 17) ol e 5 L5
ol (gaipaigy (Olaiiy oy Jow 5l eslan il
LB olS—tagh ool aisls ploxl ) (o3 ire
Ly (oo o oty o plei—iy oy J“"’
b cds 5 oo b cwlie Jaw ol o ,S ol
O yd G S e g (i Gl 50 Wl o
s (5550 5 03,08 3 p)l8 ey s Galol asli
loasin oy g slal G eghy cpl joail
slo (o9) 5l izmen g G35 (e Sl 2 F5e
ool coadanlllae gddlaio o puile (6 S0l o>
el ol B gyf e 53 b el g
O b e 9 jled n slabiwg) il Jdsa
G 45 el (5,108l 5 (158 ks eyl iS Laelad
ol s g 65ysliS g (b Sladgs )3 (cotes
b el cnl iomizmen )5 592, ploal> il 5
6 50,5 lacakad 5l (S e lojlalein
).ou‘ w‘ I ...\:a.ksc )Lo_.i'.»c\.g Sy, QL...J):&- QL';_...:‘
Slacalld 5 (odldl ((slidiine; Ll )t Lo
e )10 3929 (B3l Slas ) Cud il Sl
(@ JUl bshs ez se slooslr 5 (b3l sl e
5 (S35 bl 5 JUil bl o Uil slaaly)

z 50°00'E 60°00'E z $8°42'0"E 58°52'30°E
o | LS ! 1
14 $
g < N
X z
z Z <
& 57 z
2 o 2
2 83 + F =
)
B
T T
50°0'0"E 60°0'0"E
57°0'0"E 60°0'0"E Legend
1 1
[ ] omaany
Elevation
Vau High: 3193
. igh:
z = |
E e -
;g_ gz Low: 1379 0_1 _4 8 12
2 E N Kilometers
I ot
S t T
«@ 58°42'0"E 58°52'30"E

T T
57°0'0"E 60°0'0"E

(53 sl bl 3 ol (Ll e ComBgo -) IS
Figure 1- Geographical location of Bar Watershed in Khorasan Razavi Province.



U’/"/{TU’ f‘j"};

64.5.]4:.4 LQL"’J—‘“‘? 9 ‘é_.wLw:u.‘.n) 6L‘°4€.y SA—tS
JYY SV AR lid ey Al | cabasllas
0d5asg3) YVEY 5 VVEY amio cojlois b dals
&b 5 solaiul (emwlid ey Glojle galwsas
Slalols o5l woolel g angs gl ol calold
H38le i laors jo anlpl 5l alold g ool 5l alold ¢ LS
oolainl b o)L (saiss .ol ool ¢Arc GIS 10.8
A 2wl 9wt el sl 5, slaosls
zlsl (iog cudaslllas sadlaie o3 g (5,0 4O
©60,lsale (sl s gad 3l oolaul LNDVI ol al
Lue 3 0y b 13 5 Y18 Jlow po A cund
sleosl> sasss .ol ags (Google Earth engine
bl sloosls sasis 5loslinal b susasllas gailais
ObelyS pll (ormbaibie S o lol salimgas o5
sloarsl ool b 5 o gl il s 005t 55
ol Google Earth slolsals sl s gas § Slose
byl 51 oolizl b (SPT) anl )1 o)lgs jasls o
L=, ,o Raster Calculator ;oo gl g )
pade yoeulae) o acwle Arc GIS 10.8 15316 5

KARRIN

SPI=Atanf M

40 dalaie cuds (5ol :TanB 9 ).Ju—‘ colws :AS

Slesla ol b (TWID) goids sy g, ol

2 s SAGA GIS Jl38le 5 s 10 ¥ gala,
TWI= Ln o/tanp ™

)‘ oola__ul L: (TPI) ng‘SA—MA) w.xSyn UA>L~.>
Sl Cowots ¥ galal,

TPI= Zo-zn_lzn/n M

3 sk Zn ‘@Li)')‘ ez Joo galadi gu Z0
oa—oHaid 5 a5 o el o bl S olax M g 4G
] G’L’))‘ )

shoslatu! L (TRI) sosdy sy (5 lg0pl 3L
A dwle § galal,

TRI=VY®, -, M )

eyl (A (AT 3D il (§ 53k S 2I)B (b))

3oy b Sby)l e o P S S
sl a3 ey 1S (S48E a5 (2lulid
a3 oy saids 5l oolaiwl b lasl g, ol 51!
J5 oyl gal gy a5 oo _daalllas gadlais
)‘ oolaul L’ as 69.0) L)L“)‘)} UL_M:‘ Melﬁﬁ
Jl_..u)b ViYeooo u.uL..CLnla‘su‘}b 6LQU'“SLJ’“_“'Q"
o i) ey (iaSTy gl e oabags AYAY
Sl 235L b asss b e ol sl ailats
A dalol jo o Slow,ig,a g ol Earth
ahads VY sl o o ags b 53 ey iaSTTy
Slas s ololis sodadlas sdalaio ;o (s o)
o3 VY 9 e sel sl U (e OF lass ()

Al oolaiwl Jaw gz lael jelaieas Soo yoial

ey olas; 2 e sbadele aY and
(oo e ganaigy gadllae gal> e ol
dele 4 by po DMl (5 j5la—oz g 2L
303518 (6550 L o b s ey olas, jo aS c
o Jole jlaws ol daJole gl Olee 51 g3
9 550 @bl ;o oa bl slataghy gl oS
ESEIRIESERTETS )—*-’L' )5l saly
o bole s imts eplonl s i Gl sl
Sz et Jol adlate o hpalinee; p 5e
SRy 8D olide il Gloail ol
Aold) LS (ool 5l alold) ool «(og, 5l aLols)
39, Ol parls) sk F Glaasls (S )
el s (TWI) goils st Cugb, a3l (SPI)
b oy sras s ((LS) i b
i (TPD) ok oy CaBge a3l 3)
bzl el 5 (TR (gaily sy (5)l5—sal
(5 5,5 «Curvature Index) mb .
(NDVI) als g Oglas goo i lougs sl
@ b bl (o) sl 2L oo byla>

il Bl 53 e
31 ool sl b oa_tanlllae (gdilats (g5 cais
o, 1S 558 Ol bl (e 6 )15 st
gl Pl g ondand 92, OlulF (bl JS
S50y o529 9 (Sle 205l b Al Gl s 0
i 2ol Google Earth lo lsals sl pgas ;)
ool b gaily loaiil g ol Sz v sloasY
ey S5 0,08 L (DEM) elis )l oosd; Jos S
!y o as Arc GIS 10.8 133l 5 g e VYO

O



VF oY laal O FY by (o,lowd F (50 lows XV (50,90

slasinl gaad ziy 0 bo JuSy srazs Jlgl )8 s
A (gaiarg (0b) (kB g 3k chawgte o5 oS L)
(Y0 )L, g 5015,5)

oo 31 00l b iyl s (soizaiay

SVM) gl 4151 (paisle
oyl e dle (555 0k slo o 1 (S Joe o
L5 bosls S8y 5 (gamdid jolaieds a5 C il
Swools o i et i 5l e 00 o 409, 0
San glaosls g (e Lo o) Jums (53959
o Ol Hlop GeBle Joe d(@iily sl o)
Wy 9 Jins sl pite (s Jolod 9 4 325§
i (S platie (soog )5 a4y 1) Waosls o (u—wlg)
aladi § lgieds ools diged yo SVM Jowe 0 aS e
oy ool SauiSTy Jloged 55, ol lad o
03l diges SO aS Conl oo Shg slaxi N) 09 co
saddio | S daosls 3l Fhg o soslail g (s)ls
ol S o atio |y Jlogel (g9, ahadl Slaie
oolatwl b olgo gamail S ISoay Jaw opl Lol
Sy sl hol (5955 (sl o5 col el LU
Collae azio pl S 8L 6l iion ol b slas
Saho 4 Soop A S —bjgal blE A o oS
A olSin 050 c0 0l o lociiy ccnl Gollas
35500 6l o1 5 o)lgs op el o puonal pela o
(VoY e g Laly) o5 cola ! o slaosls
o eble Joe ool jolareas ( haghy cnl 5o
solizwl SVR Jaw ymodEco jlj8ls 5 51 Lo

L 2L L))

il slr w515 S el sl gy cnl o
4 Co—wles glraal S 0 b Jow Ul
il o SSE ax oo ool wl b8 e
3 omizen )l (g i ollg Jow il iy s
Sauslie gl (Quality Sum) coaS sox a3l
sty QS so3lail 4>y 0l soliiul b Jow 8
sadsdanlllae gadhio glp Jow ol ool g i ool
sleolaiwl b oST5 cas ol i (gl cpl jo
A e O salal,

v &
U’/'V{'(ﬂ(ﬂ’}
. ®

Ll JuuSo 32 90l Sy

Joko 31 o0l b33 crmn o (gt
RF) Solai S

SaS Py Sl S5e sl ele sl 5l g
sl il ome; e sas dadele il slaay
i o Sledlbl SOl sans g oosaslllas sailaie
oblas S Joe sl eslanal b (5adiee Sl
bl 38l 5 5 ledl i oMbl claasbels 45 (RF)
slois, 5l S Solar Kz Jaw b ags R
RCOUV PUPNP CIE P51 BV K VAP JURP-SUL s FRCUU o)
oy g DleMbl 51 Bolas (g S digas (Joe cpl 5o
3 Pl o (sl 0aig 21,55 5 5095 JS—tay
9 (s (nl o 09— oo plnil (3lls (LS )0
slasiwl Sbj)l e Polay Ko Jow 6,5 ,54
RandomForest «_ s R 5816 5 51 253 o
ol g5 At eploel s o ooli
o Slglp (o chlae LU ulal pr (5530
S oS () sl gaido iy o o Sy
5 @IF)S) Wb samaigy (b (L g ok g
(Y o, S

Joo sl eoliiul b (338050 ylos gu—uainy

(ME) (513,561 (gaamion
GRSk sl sy, 5l (S ol gan—an b,
S st 0 6ok collB &S . sl
Jae (Y10 SHb) oyls s (65055 (slvoasay
L)T U"L“‘" » by O)L) d..o._w.:‘g 9 J.a,_‘wo 6L_.®)M
ool ‘_g‘).' V- djl)‘ ‘) """"’9‘5 5 u;u.uo L‘;"’"Q’“‘"’
oy b 4355S0 )18, (e sl Joe 00l ]
S asl s sdsas b 4igS ] jga g0 blis a4
s, 5 e slalale) I8 5 sl Jole 0,5 S
L) gy ol j5—am bl (rizman 5 (G330
(gl 5o .00 e oolaiul (g5le Jow sl o33
oo ST Ao slas ) Sl (o jslaieny
2 ooliiwl MaxEnt jl58ls 5 jo g0l gan—i
Joo sl e sl Jaw (ol 5l ool il jglatea
o yiie 5 (A omej S0 1 50 Lo sle)
S ae IS by (053 ey Sl 5 blas) a_ly
Lol MaxENT Jl58ls 5 lase 5)lg 5 2o Jsous
Ol Ll a0 (9,51 Jeol ol 2 Joo

1 - Density Ratio

O



v &
R A Y
B ®

SR, (‘,5‘)., Dr Capglhe gax o>l s :QS
@ s caib o colie ca s S Glas cailb

Ll Hlas caa b slass m 5)...79—‘ K coluw

oudantlbo gadlie sl o 38 oo ) S|y (Al
ol YW & 5l Sesul (A5l 2810 (g4t
RV RV C W G AR WA

b (GALE (Gand )3 Gile (5,530 SBJe 2I)5 b5yl
Si/Ai ()
Dr = +
S/ Yy Al
JERUIC WS Al hs gail o 0 hisl o STy Dr
Lol s glaadls slass N g o

Qs= Yo [Dr-12xs] @

58"3()'0"E 58"4(}‘0"E 58°59‘0"E
N
& |
z W E ||l
5 4 ta
g N &
e 2
2
Z
iz =
$3 Fre
3 :
& 2
2
Zz
zZ >
™ -3
= n 2
@ Landslide 7
6
Kilometers
58°30'0"E 58°40'0"E 58°50'0"E

oabanllian gadlaio 3 3oy (AT gl Y JS&
Figure 2- Landslide distribution map in the studied area.

oS gt (srmb CuSs) alae bl 5l oolatul
hwgio (oS oS b3 aitb w4 oSy Sl
QI ) IR (| PR DER

529751 (it Joro b3l sl o338 oy ylas cools
}‘ oolewl b )L )-*-”UT g»;tlu-uo) Sl ga g

53"4{)‘0"!:' 53”5?’0"!:
N‘
@
£ i ihility I B
g Landslide Susceptibility Class $ :D,’:
Al o
o o
2 % vVery Low ”
00 Low
% Moderate
% High
rd [ Very High =
g 2
g A
% &
z
14 =
e 7
i % o
& S &
& e '
01 2 4 6
= m  mssm Kilometers

53°400'E

58°500'E

29T il Juto 5l sl G pome ) Sy Comlis (galdds Y o
Figure 3- Landslide sensitivity map with Maximum Entropy Model of Bar Watershed.

O



VoY ol VFY by

wda)t"“:’ A1 ‘Sb)w A% dh;sb

S (b e S2) Calae blas 3l esla b

0o oS ) dib iy 4 b LSy Slyl 3 raz
(F USD) 0l s (0L B 5 0L clangin

v &
R AN Y
B °

adile Jow b 5l sl G aeme) pas o
SVM) (ylasciy 1o
1 03l b 5ol 35 me) ol (g0

8 (o s 3 405 Ol o G Ble

58°40'0"E 58°50'0"E
N
AN, |z
WA E | £
2 M
?3. bt
Z
Z | Landslide Susceptibility Class >
g I8
i=4 o,
- 3
) “ Very Low Ll
00 tow
p
| \Q Moderate
L
: z
z “ High s
2 B
£ O verymign e
&
0 2 4 6
Kilometers
58°30'0"T 58°40'0"T 58°50'0"T.

by 10y omile o b 5l sl 38 ooy s o gk —F U
Figure 4- Landslide risk intensity map with support Vector Machine Model of Bar Watershed.

5og}‘hﬂp‘§‘§&)@@@um
(0 JS5) ol s (0L 5

(RE) 3505 JS52r okl 5ol 558 e o o
Joe slesletal b L };’;ﬂ oo o) Gl gaids
3loolainl b asds ) e 0l s Bolas SO

58°30'0"E 58°40'0"E 58°50'0"E
Z
) -
in 4 s 3
o
Z
Zz o
3 z
o -3
?O o
Lag]
Landslide susceptibility clas:
“ Verv Low
00 1 .
Zz S
2 8
ol Moderate o
& o
&

o Kilometers

58°30'0"E

58°40'0"E

58°50'0"E

Bobal Sz Jua b )l sl (A58 shs o gaddi—0 S

Figure 5- Landslide risk intensity map with Random Forest Model of Bar Watershed



U’/’/TU’ f‘j"}j

¢ 50 00l Gllail cdalaie sla iisd e
g Jse LI 2Lyl 6l Qs 5 Dr glajasl o
() J9o2) wads awlxe las glaaids poas

eyl (A (AT 3D il (§ 53k S 2I)B (b))

Qs 5 Dr asls 5l eslizal b la oo ol)5 25!
S gondigy gleaid (imgh ol o
28Ty gaids b o Jow 5l ool Cowsds 38l cyue;

oaodliwl b Juw lpw Qs 9 Dr ol i ) Joua
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Zoning method Class Area(ha) Landslide area in Area D, Qs Rank
each class (ha) ratio
ME method Very Low 7301 5 0.0007 0.01 0.013 3
Low 7004 9 0.0013 0.02
Moderate 5396 13 0.0024 0.04
High 4237 19 0.0045 0.08
Very High 3704 27 0.0073 0.13
SVM method Very Low 761 2 0.003 0.05 0.014 2
Low 7039 8 0.001 0.02
Moderate 5343 11 0.002 0.04
High 4407 22 0.005 0.09
Very High 4340 30 0.007 0.13
RF method Very Low 15294 4 0.0003 0.005 0.018 1
Low 3446 11 0.0032 0.058
Moderate 2311 9 0.0039 0.071
High 2170 22 0.01 0.185
Very High 4420 27 0.0061 0.11
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Introduction and Goal

Landslide susceptibility zoning using different methods is one of the solutions for landslide
management. The aim of the upcoming study is to model the sensitivity of landslide occurrence
using three methods of machine learning algorithm, random forest (RF), maximum entropy (ME) and
support vector machine (SVM) algorithm. Then, the efficiency of these models is compared in zoning
the sensitivity of landslides in the Bar Neyshabur watershed, Razavi Khorasan province.

Materials and Methods

In this research, the landslide distribution map layer of Bar watershed with 73 recorded points
was prepared. These points were randomly divided into two groups for model training (70%) and
model validation (30%). Also, 16 factors affecting the occurrence of landslides in the studied area were
identified according to the review of extensive sources and digital layers were prepared in the
geographic information system. Then, the landslide hazard map was prepared based on the three
mentioned methods. Next, in order to evaluate the accuracy of modeling and compare the efficiency of
the models, the total quality index (Qs) was used.

Article Type: Research Article

*Corresponding Author E-mail: Dastranj66@gmail.com

Citation: Dastranj, A., Karimi Sangchini, E., Noor, H. 2024. Evaluating the Effectiveness of Machine
Learning Models in Preparing a Landslide Risk Map in the Bar Neyshabur Watershed. Watershed
Management Research. 37(2): 133-147.

DOI:10.22092/WMRJ.2023.361650.1531

Received: 01 March 2023, Received in revised form: 19 June 2023, Accepted: 21 september 2023
Published online: 21 June 2024

Watershed Management Research, VOL. 37, No.2, Ser. No: 143, Summer 2024, pp. 133-147.
Publisher: Fars Agricultural and Natural Resources Research and Education Center ©Author(s)

©



VOL. 37, No.2, Ser. No: 143, Summer 2024 Watershed Management Research

Results and Discussion:

The results showed that the random forest algorithm method (RF) with Qs = 0.018 was chosen as the
best model for the basin. Support vector models (SVM) with Qs = 0.014 and maximum entropy (ME)
model with Qs = 0.013 are in the next priority, respectively.

Conclusion and Suggestions

Based on the results of this research, the random forest model provided better results. The comparison
of the results obtained from this model with the existing real conditions was done with field visits. In
addition, the results of the landslide susceptibility zoning map using the random forest model and the
actual conditions in the studied area were very compatible. Finally, it was determined that assuming
the concentration of management operations in high-sensitivity classes and choosing the random forest
model as the superior model, 75.5% of the region’s area has been left out of the management process.
Therefore, less time and financial resources are needed to manage this sector.

Keywords: Bar watershed, Random Forest, Razavi Khorasan Province, Landslide
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