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Figure 1. The location of Rozechai watershed and its hydrologic units in West- Azerbaijan province, Iran
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1- Watershed Erosion Response Model (WERM)
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Tablel. The assigned weights to different land use classes in Rozechai watershed
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Table 3. The calculated values of Modified Fournier Index and Rainfall erosivity values in related rain gauge stations
of Rozechai watershed
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Table 4. The assigned weights to different rainfall erosivity classes in Rozechai watershed
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1- Drainage density 2- Stream length 3- Length of overland flow 4- Elongation ratio
5- Compactness coefficient ~ 6- Circularity ratio 7- Form factor


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jwmr.8.16.142 |

VY

I cups (gdae Hlase :o)'%> JS5 oy —F-Y-¥
(Ve F) sl cawday (A) daly oluly

A

ojp Colus A g (seshS) oj Job L ol 15 &8

_ Al o (@0 yhoghS)
I gl i o g el aslxe I an
Aol Gillae 0595 105 2 )3 iy JS (ke danojgs 55

S slapiell 0y gex) [ lagll SOl (4)

JS 0Sle = (s sla il )b (59 gox

Ay a4 oad ooy sladd, Sle duslxe L
2 (0) Jos> 4 425 b laojg> 5 (s yiag )90 Sluogad
ShId 0lee (25308 Calod ) S (o0 )8 At
Cagdgl nS Ll 0ke e 9 <Jgl cadlyl

(FOA) 391 1nlgs

Joewl Ole cops cpl (Sopid cuyps —V-Y-F
lus & (0,8 0pls S lame 4 0jg lame o
(F) daly Bojb g sdl wil ojp colus ply

(VY) 298 g dpmlone

C.= 0.28 x (i) )

VA

09> Colua A g (yieshS) oj bz Pl o &8

35 sleejes sl cupo (pl bl (@yeyieshS)
MO dg058) V51 i eaniS slaojes (glp 9 ) 4 ooy
ol (YOG

0je> (£3)5 b dule (gly 163,85 (o _\“_y_f—
(\V) A5 edlasl (V) aayly 5l )“7"1

Rp = 12.56 X (%) (®)

09> colwe A 9 ()».A?LS) 0j9> ]a_ou P ‘O] PN LY
Al oo (@20 yt09kS)

ool 0o & 4255 b (52058590 sl tally (I (e =0 S

Table 5. Determining the classes of morphometric parameters based on their mean values
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Figure 2. The flowchart of sub-watersheds prioritization using Watershed Erosion Response Model (WERM) and
morphometric analysis
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Table 6. The values of WERM index and morphometric parameters of the Rozechai sub-watersheds
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Table 7. The prioritization of Rozechai sub-watersheds based on morphometric parameters
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Table 8. Thefina prioritization of Rozecha sub-watersheds based on WERM index and mean value of morphometric

parameters
bk sas; oSoks oASLS e o
2l codyl ()5 (V) e Sioghyge (WERM) (5 "915) (@re sogk) coluo Siernm 1oy
(v) () s
Yo VAYY VYoo aIvY a/as /0¥ 1B1
2 Yy/ay \EIFY o/ AVARS RSN 1B2
¥ YSIFY Yoo SI¥Y YNy VY 1B3
VO YY/$- \YZALY £IYY ¥/0A VY 1B4
\Ai Va/vo \Y/AS $IA AN¥S \IArd IB5
5 VA/EY AMARY fZAN oo -IvY 1B6
¥ YY/vY W/Ya B/A¥ Y/-5 AN 1B7
WY Y/ VYR /-5 YIvY y/oy 1B8
Yo/5. VA/BY 78 ¥/o8 VIYY 1B9
YO/s\ VAJaY \751 A IV 1B10
Y50\ VAIVY YIA N \VAn) 1B11
Y. Y/ a/y v/ Y+ /AN ARVARY 1B12
) Y¥/YO VANE IZAN VY0¥ N SUBI
Y YV/0\ Ye/N¥ YIYY NN S10A SuB2
YA VANE VY e SIVE SIAE /v SUB3
4 YV/S¥ VYA VIVA VIVE AT SUB4
\% YO/vE Y9N AIVY Vo/vY ¥/AA SUB3
\ YAMAY AYVING e/ ARV a5 SUB6
A YAV/YY \o/ay sI\s Vo/BY 8 SUB7
% YY/Y. \o/ov sIvY a/so /.5 SUBS
vy YV/FY Ve VIEY VWY INAa) SUB9
WY YIS0 VO/VY v/a¥ a/oy y/avy SUB10
\§ YY/08 VoINS sIv Va/¥o VEAY SUBI1
YO/v¥ VA -+ VIvY Nog Y/A¥ SUBI2
Q Y¥/A¥ VAFY 10V \Y/-Y b/A¥ SUBI13
\e Y¥/¥5 \Elov Y/IAA YYD YO/A SUB14
Y YV/-¥ /I VIEY VE/AY oY SUBI5
vy AR VWY/VY VI0A YV/Y- YV SUBI6
yvY VA ARVALY AN VEAY SI¥0 SUB17
¥4 \WY/AA Veloo Y/AA YY/X. YY/SA SUBI8

5 (SUB14 4 SUB5) (IB8 , IB4) (SUBS 4 SUB7)
NOIOY yly caiya (SUBB o IB10 BY) yuisps
)l e cuglyl 4 wmea VMDY 5 VS/AY AS/YA
O il yd Gud 4 a2 L S0 & Cond Bojo>
OOy oeles ool Jialod Sk plie 1) o
A ojes ) eyl @l ol adbte Lalys

sl 0ad S () Jgax p> ol b g5y Ll

5 b (bl ) e Ll (F) Jsir elol

aibie (Sojolgyin oy plos lp (Dl (Suley
o5 de lapell (Sbe ggeme Sl e 9 Aslxe
Casddy (A) Jgi> 4 4295 L 0 1)) (WERM) 23Ls
wS15) ks eghyge slajially Sike cnizen ol
S g (e ol Jsb g b b (iS58
Copd 5 GO Gupd (SIS cuyd ((ShiS oyd)
slaojoxpj o5 2 i () daly eluly (eje JS5


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jwmr.8.16.142 |

\av el d Gl Jo sl ool b e 9 alunyd B 5l Sl slaojs nj sncagdyl

SACaglsl bl slaady) s5ul slaojes s slas -4 Joia

Table 9. The different prioritized group of sub-watersheds, Rozechai
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Figure 6. The prioritization of percent area of Rozechai sub-watersheds based on morphometric analysis
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Figure 7. The prioritization of Rozechai sub-watersheds based on morphometric analysis


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 ]

[ DOI: 10.29252/jwmr.8.16.142 |

oy

Sggyn doly bulyd o8 cul ol Sl g Mk
e g hwgie cud gl bbb S (IB12)
Al e ddlaio jd b oL (Saole,s

S elsly (Sojdgnm gladsly  sancag

L (IB12) caS” cawl ol saimd L (V) S5 53 (6 0950
Ay g Sk by Hlde b Colue dop £
AL gyl g Sshon candy Gy Jae sl 0js>

475000 480000 485000 490000 495000
s : : ; A A =
=5 i
= N =
R - o
N % .
W< —
S A 4
(=3 S =3
=& _—d
[—3 [—3
= -
= =
(4 =
(=4 =3
S 4 S
= -]
w, w
= =
S [—4
S [—3
<> S
o o
%) . . v
= [ e =
= SUB| Jéwwojg> ) | o
(=3 (3
S —
% e ae e e | B
= IB } Jho il 039> 93 |
N 1-30) <uotsf
g e e K ( ) <asls g
E 475000 480000 485000 490000 495000 E
- -

slrasy, ol Glojp p; ol sucaglyl g (Al s A S
Figure 8. The final integrated prioritization of Rozechai sub-watersheds

ojp> Uialod gl Jae jl oslatl b taleyd goy
o b pbsl el syieshyee b 9 (WERM)
@y b glrasy) sl i 0 & 295 e Glgie
Jolos (izen g 0jpr (Siediee 9 SlSmy klyd
bl o) ped Bl (Sl g (b ol b
ol s B a5t walg dsmg sl Ll
ookl cancogyl @l cwl See &S cul
S @ bgpe slapasld 5 gyieghiee lapasli
3,508y Jg Ml bwly o 0 L g wglate (I)L g cud
bobsy 99 sblie ol Budod )3 ekl )90 (il
> salos Sl ed LB ls g 03905 oS5 ea b
boasli jl S 3o 059 j 9 (230159 o9ed ol 2 09Me
e 55 g adlas 550 atlaie Lulyd ololy Sl e
S50 3,525y sblie J o 45 bl oglia _lislS
sbyiehl 39 Jpodlew 4 a2 b adle oolial
Lojg 5 sucuslyl Gl pole (hagly )3 odlitul 390
)13 dg 558 el BB (slazsal 25155 5e53e g, L
Sy cle Sldas g9 s )3 Sl o0 uCa gyl b

25 )3 el 3)50 (sl 3 S

390 Sojgpj o(A) JSB 5 0ud &)l gl bl

PO G S aae g aB)S 8 coggl Ve )5 dalllas
bl ¥eoaib Jlie )3 9 b cnyiSlen 5 ol
Wojo> o5 plo 0 Comd |y blpd op e 5 b Coglyl
SUB2 SUB6 _Sijdoyid (slassls .uile |
Caslyl 5 sy bl s ey 1B10 4 1B3 dB11
wly 8 eluly ailie bLyld o aislie YU
o chwgie gye g b Jold 5t 553 (SSjglg)dm
dag @ ) Cal Gl obj (Sanle)d s 9 hwgie
S ol Cad S5 ole 4 plgies |y bl oS e
o e gbls g JiS Glles pbxl siejls
0j9> inlw B gl Jao jledliial (> o0 ols (oguad
ssbaiedy 3blie gancoglyl o (Sl bl us jslated;
(0) @it 5 S ) e @l b Jhle S8
O g 5550 (V) hlSen g yol (YY) 55k 5 el
ooy blis lolidl plosl el Lly S, 5 (V)
o e Ololudl 13U iuli8l cel W i (sduco ol
w5 g ooy parasS 3 iyl jo g oad el
byl Ghagg e s 1) (558 lles sl
5l sleasyy sul Goje iy oyl ua Gun


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 |

[ DOI: 10.29252/jwmr.8.16.142 ]

\or Ol ol Jae sl oslatl b gy 9 (ol Lbd 5l Slow cbojp nj gdincagll
&l

1. Abdi, P. 2013. Zoning priorities and potential erosion of landuse in the Zanjanrood watershed by
using GIS. National Geomatics Conference, Tehran, 1-7 (In Persian).

2. Aher, P.D, J. Adinarayana and S.D. Gorantivar. 2013. Prioritization of Watersheds using multi-
criteria evaluation through fuzzy analytical hierarchy process. Agricultural Engineering, 15(1): 11-18.

3. Amani, M. and A. Naafingjad. 2014. Prioritization of sub-watersheds based on morphometric
analysis, GIS and RS Techniques. Lohandar Watershed, Golestan Province. Journal of Watershed
Management Research, 5(9): 1-15 (In Persi an?.

4. Arnoldus, H.M.J. 1980. An approximation of the rainfall factor in the Universal Soil Loss Equation,

In: De Boodt, Assessment of Erosion, Chichester, New York, pp: 127-132.

Bewket, W. and E. Teferi. 2009. Assessment of soil erosion hazard and prioritization for treatment at

the watershed level: Case study in the Chemoga Watershed, Blue Nile basin, Ethiopia. Land

Degradation and Development, 20: 609-622. .

6. Chandniha, SK. and M.L. Kansal. 2014. Prioritization of sub-watersheds based on morphometric
analysis using geospatial technique in Piperiya watershed, India. Applied Water Science, pp:1-10.

7. Gabhiye, S, SK., Mishra and A. Pandey. 2014. Prioritizing erosion-prone area through
morphometric analysis: an RS and GIS perspective. Applied Water Science, 4: 51-61.

8. Gajbhiye, S., SK. Sharmaand C. Meshram. 2014. Prioritization of watershed through sediment yield

9

o

index using RS and GI S approach. International Journal of Science and Technology, 6(7): 47-60.
. Hakimkhani, Sh., M.H. Mahdian and M. Arabkhedri. 2007. Mapping rainfall erosivity for Namak lake
basin, Journal of the Iranian Natural Research, 60(3): 713-726 (In Persian).

10. ?506'[%2,1 R.E. 1932. Drainage basin characteristics. Transaction American Geophysics Union, 13(1):
11.Horton, R.E. 1945. Erosional development of streams and their drainage basins. H drogh%/sical
approach to quantitative morphol 0%' Bulletin of the Geological Society of America, 56: 275-370.

12. Jamali, A., J. Ghodusi and M. Farah Bakhsh. 2011. Spatial multi criteria analysis techniques in order
tczg\(/)\saters%ed prioritizing for gabion check dams building. Journal Research and Development,
1(90):1- 10.

13.Javed, A., M.Y. Khanday and R. Ahmed. 2009. Prioritization of Sub-watersheds based on
morphometric and land use analysis using Remote Sensing and GIS Techniques. Journal of the Indian
Society of Remote Sensing, 37: 261-274. o )

14.Khadse, G.K., R. Vijay and P.K. Labhasetwar. 2015. Prioritization of catchments based on soil
erosion using Remote Sensing and GIS. Environmental Monitoring and Assessment, 187-333.

15.Khan, M.A., V.P. Gupta and P.C. Moharana. 2001. Watershed prioritization using RS and GIS: a case
study from Guhiya, India. Journal of Arid Environments, 49: 456-475.

16. Laflen, M. 1991. WERM a next generation of erosion prediction technology. Journal of Soil and
Water Conservation, 46: 34-38.

17. Mahdavi, M. 2001. Applied hydrology. 2nd vol University of Tehran Press, 441 pp (In Persian).

18. Manjunath, H. and T.S. Suresh. 2014. Morphometric and land use/ land cover based sub-watershed
prioritiziation of Torehalla using Remote Sensing and GIS. International Journal of Applied and
Natural Sciences (IJANS), 1(3): 41-48.

19. Mostafazadeh, R. 2008. Simulating the hydrological effects of checkdams to evaluate structural
management scenarios for flood control in Jafar-Abad watershed, Golestan Province-lran. M.Sc.
Thesis in Watershed Management, Gorgan University of Agricultural Sciences & Natural Resources,
124 pp (In Persian).

20. Mostafazadeh, R., SH.R. Sadeghi and A. Sadoddin. 2015. Analysis of storm-wise sedimentgraphs
and rating loops in Galazchai Watershed, West-Azarbaijan. Journal of Water and Soil Conservation,
21(5): 175-191 (In Persiar(w}.

21.Nagvi, H.R., A.S.M. Abdul Athick, H.A. Ganaie and M.A. Siddigui. 2015. Soil erosion planning
using sediment yield index method in the Nun Nadi watershed, India. International Soil and Water
Conservation Research, 3(2): 86-96.

22.Pandey, A., V.M. Chawdary and B.C. Mal. 2007. Identification of critical erosion prone areas in the
small agricultural watershed using USLE, GIS and RS. Water Resource Management, 21: 729-746.

23.Panhalkar, S. and C.T. Pawar. 2011. Watershed development Xrioritization 2?/ applying WERM
EI\‘)/éog)el ?zj\gd GIS Techniquesin Vedganga basin (India). Journal of Agricultural and Biological Science,

10): 38-44.

24. Pawar-Patil, V.S. and S.P. Mali. 2013. Watershed charachterization and prioritization of Tulasi
subwatershed: a Geospatial apgroach. International Journal of Innovative Research in Science,
Engineering and Technology, 2(6): 2182-2189.

25. Renard, K.G. and J.R. Freimund. 1994. Using monthly precipitation data to estimate the R-factor in
the RUSLE, National Agricultural Library. Journal of Hydrology, 157: 287-306.

26. Sadeghi, S.H.R. and R. Mostafazadeh. 2016. Triple diagram models for changeability evaluation of

recipitation and flow discharge for suspended sediment load in different time scales. Environmental
arth Sciences, 75(9): 843.

27. Sadoddin, A., V.B. Sheikh, R. Mostafazadeh and M.GH. Halili. 2010. Analysis of vegetation-based
management scenarios using MCDM in the Ramian Watershed, Iran. International Journa of Plan
Production, 4(1): 51-62.

28. Shabani, M. 2011. Evaluation of geostatistical methods for rainfall erosivity, Watershed Engineering
and Management, 3(3): 168-177 (In Persian).


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 |

[ DOI: 10.29252/jwmr.8.16.142 ]

100 WA ol 9 job /Y8 ojloss /piia Jlo sl 059> o pite doluings

29. Sokouti, R., D. NikKami and E. Brooshke. 2017. Study of rain erosivity index of West Azarbaijan
provi nc)e for rain iso-erosive mapping. Journal of Watershed Management Research, 8(15): 36-44 (In
Persian).

30. Suresh, M., S. Sudhakar, K.N. Tiwari and V.M. Chawdary. 2005. Prioritization of watershed using
morphometric parameters and assessment of surface water potential using RS. Journal of the Indian
Society of Remote Sensing, 32: 11.

31. Talebikhiavi, H., M. Zabihi and R. Mostafazadeh. 2017. Effects of land-use management scenarios on
soil erosion rate using GIS and USLE model in Yamchi dam watershed, Ardabil. Journal of Water and
Soil Science (Science and Technology of Agriculture and Natural Resources), 21(2): 221-234 (In

Persian).

32.Tali-Khoshk, S., M. Mohseni Saravi, M. Vafakhah and Sh. Khalighi-Sigarodi. 2015. Comparison of
Neuro-fuzzy and SCS methods in sub-watersheds prioritization for watershed measures (Case study:
Taleghan watershed). Range and Watershed Management, 68(2): 213-225.


http://dx.doi.org/10.29252/jwmr.8.16.142
http://jwmr.sanru.ac.ir/article-1-911-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-17 |

[ DOI: 10.29252/jwmr.8.16.142 ]

Journal of Watershed Management Research, Vol. 8, N0.16, Autumn and Winter 2017 .........ccoveieriiinniiiiineeinieeveneenanns 156

Prioritization the Critical Sub-Water sheds based on Soil Erosion and Sediment using Water shed
Erosion Response M odel (WERM) and Morphometric Analysis
(Case study: Rozechai Watershed, West Azerbaijan Province)

Raoof M ostafazadeh?, K hadijeh Haji2, Abazar Esmali-Ouri® and Habib Nazar nej ad*

1- Assistant Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili, (Corresponding author: raoofmostafazadeh@uma.ac.ir)
2- M.Sc. Student of Watershed Engineering, Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili
3- Associate Professor, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili
4- Assistant Professor, Faculty of Natural Resources, Urmia University
Received: May 14, 2016 Accepted: January 15, 2017

Abstract
Prioritization of critical sub-watershed is an important procedure to control runoff and
erosion phenomenon and considered as effective waﬁl in management of watersheds and
achieving sustainable development. The main aim of this study is assessing the soil erosion-
rone areas and prioritization of 30 hydrologic response unit of Rozehchai Watershed that
ocated in West Azerbaijan province (186.41 km?) using Morphometric Analysis and Watershed
Erosion Response Model (WERM). The WERM 1ndex has been calculated using landuse, slope,
and rainfall maps. The sub-watershed-related morphometric indices were used under the two
categories of linear and shape parameters (e.g. Stream length, Drainage density, Length of
overland flow, Form factor, Circularity coefficient, Elongation coefficient and Compactness
coefficient). The priorities of sub-watersheds with respect to erosion rate were determined using
the values of WERM model and the total mean of morphometric parameters values. Finaly, the
integrated map was obtained according to the highest values of calculated indices and the
critical condition of each sub-watershed was determined based on the final values of assigned
scores. The results showed that the SUB6, SUB2, IB11, IB3 and I1B10 sub-watersheds had
critical condition and are ranked as h&gh priority areas, respectively. These areas require
immediate practical and the control and protection. In addition, the used method based on
watershed reﬁf)onse and sengitivity to soil erosion can be used as effective tools in prioritization
of watershed for implementation of soil erosion control measures. In this regard, defined critical
sub-watersheds based on topographic and morphometric indices along with natural and
anthropogenic factors can be considered in the planning of soil erosion control in watersheds
and soil and water conservation programs.

Keywords: Prioritization, Critical sub-watershed, Morphometric indices, Erosion control,
WERM model
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