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Figure 1. Geographical location of Kechik watershed in Golestan province, Iran.

PO N SO PN S Jes 00° oVoY”

400000 404000 408000 412000

\

Legend ‘&),

arraomo A,Zm mlm o
P

watershed

e . ———m—iometers
Sl e oo 20 240 360 480
400000 404000 408000 412000

402000 404000 406000 408000

<
f
n-,

4174000
Iy
o
”®
[}
=
=%
C ;
4172000

Landuse e s niS

B Forest 5=
Rangeland  aie

| = Residential 35S E

Agricultural s 3505

1 Kilometers
0O 05 1 2 3 4

402000 404000 406000 408000

WSS sl 03 e S 2B Y JSS
Figure 2. Landuse map of Kechik watershed.

V€



O)Se g (o, andl,

Sb il dmse Ol Sl e b
SO Rl S AlS S s GBS
5 A iy Cople wond gar s Jsb
abie 53 S Al ol bl ollee
)\ oalaiul L: RUSLE d.,\,d U’"Lﬂ‘f AJLSUQAJJJA
(8)) A2 aoslons ATCGIS 102 Lame 3 )

A=RxKxLSxCxP

3550 0 S Wl 5 Slale S0 Jav gze oslis
o3zl RUSLE 5 USLE sladae ;5 RSB
il Lasls Y daly 5l (M ) s
et il (LolKis] sles gl p MFD) 45,5
30y b g S Y el s arls pl UKL L
Shais glaesls L bl gl » (VA4E) gay 5 5
Slie (el sl slgd (SHL o) LS,
L oasl el cllSanl ¢l R) L sSB
0533 3 ol slaesls (jassy cul el (5107
e 0hl el (Yo VN =Y VA) Wl A (g L]
sy sn (S3P5S 5 S pllST (slaelSans)

A oslinal adaie s

ni2 p2
i=1 P

MFI =

[GBOWLEY! o Jl.i dl.w 4.,‘.:))3 e.,\.lvcw‘ u.,a;-l..:r
Ja...v);ﬂ u,a;-l.:v QJ)_}I [GBOWLEY! Ls\f Lo e.,LdT
LS)L‘I 09 djja BE o.,\.ivai u.,a;-LIr ﬁﬁuﬂ )\ ol_<.:.w.i\

ol ol szgwi.:tﬂ

R= (+/+V¥av x MFI'"*")

R= (40/VY — V/*AY X MFI + +/¢V¥ X MFI")

1- RUSLE

1€)

Slis, s maw 53 Shleb Ol 3,50
MPSIC SWAT 0 on il 3 3550 sdas
Jdbe axdllas pl 43 3,05 54> WetSpa 5 EPM
e Sl Bl Gl ald e
ol o S 5 andlaesy e St le b ossl
ol gladde 51 esl slaws bl 5 4l Jie
EPIC ANSWERS ANGPS .ib) ool
sa=li 45, RUSLE Jus IS, ba, (SWAT

")

Al s S s oSke A OT s &S
oL Sasle 5486 R (el (t ha year) —
Sadioile s 556 K (MJ mm ha' h' year™)
a5 5 Jsb LS «thahMJ' ha'! mm™) s
0SB P S s conde 5586 C s
05k P s C LS gla, o5t ool bl Sl

LU RN o
Ot Sale s (R) 0L Sanla o, zSU
ol Sa 50 0L WSS LB O sen
5 SOl el S ool sie ci s
55 Spdia (Sl oad) LS, eads slaesls

™

P)¢\1 eLd)b (mm) j.,\.:)l.: JG..N);API LQTJJAS
oo ol e el (mm) AVl Sl L g
Lo oddamloe Jlujs 53 olops (S50 o

S Jle olea (Saisk 4 Lol §same qonds

MFI<oo ™)

MFI>o00



YA (1) ko (YY) dlr SB g OF Clis glagyingsy & puid

£oadaly b ol St gle Shs 0n50 casa

EPW :)ﬂﬁ s adaly sl eslaad b

M:(JZM)J+CJ~:MM)J)X(\" _U'”')M)")

(iY’)b)M

K

_21x10™*(12-0M) M1144+3.25(S-2)+(2.5)(P-3))

7.59x100

LS 58 ol sl g elinad 31 L5 DEM
aikis ¢, Y DEM 31 55 8 & (\F) col
gox 3 o5 by oIV daly 4 g L

() del Csay (14AT)

ook o (K) S g ad il g, S0

S by s S sl Sk ekl
)

U'"% S Sk Lfﬂ osle Loy OM LQT B aS
LSl (6 pdidsi oS P bsaliss dlasle

()

53 B S sy sbaid lanl B8 s lale 0350
S Arcmap ke s (V:Y0err)  lae

P e o A3 S a8, IS e 5

Cell Size)

LS = (Flow Accumulation grid X
22.13

sdizis A el (glojlgale sl 5o 30 sle
sl L YOIA -APR -Yo &5 OLI/ TIRS
Al el VY 5 YE LS e 08 5 s,
NDVI s GIS Lass 3 lazl & &gl
sul NDVI @Y € a5 b e 33,5 o5 donlns
oolis S C Jale a2 V ol Sl oslizal b 5 ok
DAL S g Ll e S B ho o O
s NDVI axls 5l eslizad L (C) alS s

(VO) "LJLfd e.,\ALL.Mr.SA.z \ 4.]4_:\)

__ (1-NDVI)
- 2

C

1- Normalized difference vegetation index

0.4 ( Sin(slope grid)x0.01745 ) 1.3

(kA )

V)

0.0896

oL~ s Flow Acuumulation Ol 53 e
o3l cell size «Jsw o gl YL Canas
slope 5 (o Yo asdllas cpl 53) Sl slad s
sde 3l ke b add ol e s
GIS r.:...m.w DL Ql.:bb ] Jo-‘j JJJ...; 6‘;: '/'\Vio

LS eslaal
ol Jlo i alS iy Jols jastls wlS i)
Cowsts GIS (g5t 5l eslize] L s (NDVI)

5 e gl 5l bl ) e gl A e

V)



O)Se g (o, andl,

23S s asdllaes s ge ad = gl P Lile luis
Pyh bS5
Sheslizal b St Jialu b Ol e desloes 51y
s s L osasbis Sl Ol RUSLE Jus
anles A daly b S cdy s Sl B S

Byt

Sediment Retention = RKLSP -RKLSCP

Lol (K) ol 5 ) i ((N) 035 55 palie
Al S el
U Ol b Sl ausa a3l eslind
Sl 5 sl i, Sl eslinal 53 a5 cdls Of
Sla)) Fra ems b (ool s IS
Add (Sals 5 anw sl slaypiS s ol
O S e Qlfm:'c.ﬂli bl @ @L:j
Sl able &8 olay S 3 la Sy cpl b ool
Gl 365 ot 550 Jla=l Ll (108 2550 o
Bk GSlr auza Gras bz (Y1 5 74)
5 3l L, 5l pduedaline slaesls bl 5 =) 23
S s =Y wusadS LE
Losby o bl onl OLS pasde bbb
el Sogo 53 Lad s slae TS o jasle
S plamee 3l oslinal 5o slazrl Glacys g
SLaises 53 IS Sl e ¢l (Y 5 0) W)
oKiws 51 Lind (VA Jllss oKaws 5l S
oows Sl by 5 opedsl s 5 e gth s Sl
A oslizal (VA) g gal Slid gy 5 e s ol
ole 038 Sl sl p3Y slaaza 500 L
o Olg e ey oo NPK) S as s
5 m St ST 5 S gslasl a5 550

Db Sl xSl b G lea Lol

ey

sl 5l sk i(P) S cble> Slhes 45U
5 S8 LS Ol bk ) i bl
Bl FaS ol ol e an s .ol syl
Sl JoS S Cd a5 5 j 5 bl sl )ls
35 kel 5 aler 3l LBli= Sl e ST (FA)
Ll ol ol | aslllaes ;o 4 e bl i
«SaS sl o3 S 50 OF 2l e Joe

%)

oulap 1SB cbls 5 S, sl )
e S it 5 0L s e S
S Jd 5 I sl sdes 5w odls s oS
(K) poliy 5 (P) s «N) 055 55 b eham
Aas e JalS | S (gssdols 5 s gl e el
bim e hlep o5 JaS Sl
e S i LS ol sl
RUSLE s, b islo b Ol 5 68 slad=ls
ehiliiz S Ol e 5 S sladsly s
ole Oy 33 a0 dagiec ST Lo 5
(oo ol o3 Sl S s s g SlAE Lol
S ose S gl L ool 45
s dw Ol 4y eeally 5 0ud (31 polie 55
Wil e il s St gelole oS s
il sl 5l 86 ol aa ol ol 51 G
robe S aile Gl oinlil 35 et S
e3gde 5 adble LS s S ol
— Sl Gy 4 @S Bl e pise
SO A=ls a Camdge s S eslinad sl goail
S e kS i ey 595 GPS Sl eslanal U
Caike 15 A 3l 5 Gos 4 ax g L) (b S
A5 (W t) (s gols paised e Sl T Ges

Lo ah S 4gel 80 Cj*’.b‘)-’)@ﬁ%d)lsv\}\)



YA (1) ko (YY) dlr SB g OF Clis glagyingsy & puid

lawd e COMNHA) oyl slasS o ja
K280, by Slsw s NHiHPO4 pssel
St e s 31 e (V) S8 8 13 w555
s slge IS o 30 gladsly s eliLais
dlv s Jle b s S asy s 5IE(NLPLK)

el Cewsas & el Sl eslizad L (VF4A) (I N

Dun =SxMn

Vo 4]4_:\))\ c¢\ndb)3$|&ﬁ\yéﬁfLJ5@>

HE oY ‘S)JTJ'f

An =DnN + DnP + DnK

08) s 3,50 o VY el Sl eslizad b ,obe

V= (PNDN + P])Dp + PKDK)

() el jole IS golasl 55

S S ap @l bl il () JE
aw hls adllaes, g glaS ( plans - S5
e s ol S8 Ao 5 0 o) (A I g5
B /) 5 Sbe il b artls edbiarlo
5 dsb el ol e (t ha MJ!' mm™) «/+ AV
lie ol sddesly OLES 0 S 5y 4o
Ui dale XS e i 104/ B fule ol
5 iblie 3 S Sl aze /8L B 00V oy alS
Fom Jolo ol Sl sl 565 Sy o 42
S 3515 (6 5eS S sy o able o

Q) el 552 C lle

V€€

Cleay &8 el 5 gl (Ol slie 5 o el
als S5k p}l 5 AS o s e slaael
S olie Gk 3 S a ol e e Olas
Shsnsa OBL s sl B pled glassS
SV TRIRIE STV SNPU T I
el 5 Slad (ol glas S SRl S s snS

@)

dl.w BE 41.5)&:,...4:)'\ u )*‘-"9 )\.,\.E.d Dun LQT BE aS
L(JL»- BEl )L?g.h B u,:) s i~ Sl Q‘JAA S (.(a‘n

Sl S s his, e ol 31K ,a A s Mn
)

Sle ol glass cad (35 B s L

oladl Lyl (S oas el ele O e
v

LSLAJJS Casd S S PN,PP,PK LUI 55 &S

Vs Ois 5 Aud ey ole @l uiilr

oy g
oot el ol s 1l 5l ol il
Jho S 4 S Bl 3 e Jelse ai
Salo i lle slais Lls o 5o RUSLE
et 5 b 0O S syl s (R) B
Bl s © MS iy e (LS) oo
AL TE Y s Ss 5s (P) bl lals
e a6l oL Saule s el s
S ol jurie (MJmmha']h']y']) \Ye/q G YeV/Y
M S e et ol s
EUSE s (1 JS8) cl el olant] s

AJJUQADJJA 4o 9= Sk L5J.1.,Liu;.il.ﬂj.e d\f“‘



402000 404000 406000

408000

402000 404000 406000 408000

4172000
h

4171000
h

Legend loial,

CSA (sl Ot Jale
Soil erodibility factor
e High : 0.08

S Low : 0.01

0 05 1 2

3

) Kilometers
a

4153000

4180000

4174000
h
4174000

Legend Lo,

L Sabila b Jale
Rain erosivity factor
wr High : 1209

EE i
§5 Low : 107.2 1 Kilometers | §
0 05 1 2 3 4

402000 404000 406000

S sk ala Jole -t IS
Figure 4. Soil erodibility factor.

402000 404000 406000

408000

408000

402000 404000 406000 408000

OLL Salep Jole Y S

Figure 3. Rain erosion factor.

402000 404000 406000 408000

4177000
f

4172000
h

Legend loal,

LS by Jole
Vegetation management factor

Legend Lo,

d a0 9 Jobo Jele
Length and degree of slope factor

WA S el - S

Figure 6. Vegetation cover factor.

S5 o8 YUY B v o KmS sl e o

BE ol )‘ oalae! l) 9 2 J:*:" JL.A BE )L:gﬁ
Loye Arc GIS 10.2 5 Zonal Statistics

A b)}iﬁ JL«N DL )Ligﬁ DL uS V/Qi ).:b.: QT

v S5

E g b 044 E g High : 159.401
H - Low : 0.07 ) Kil s | § E - Low : 0 1 Kilometers E
0 05 1 2 3 4 o 05 1 2 3 a
402000 404000 406000 408000 402000 404000 406000 408000

o 43 5 b Jole -0 S

Figure 5. Length and degree of slope factor.

sl Olpsa Sl gbaaY a5l

L s Are GIS 102 ik 5 s WY Gl (Jas
5 &b S &, 50 Raster calculator =6 Sl eslizad
S L3 e S b et Colgdns

Vg0



14 (1) ol (TY) > S g f cblis glayingsy 4yl

402000

404000

406000 408000

74000
N

Legend loial,
CSUA Qe b
Soil erosion
m Hizh : 239.205

E‘ S Low: o0

T
74000

o 05 1 2 3

) Kilometers E
4

402000

404000

406000 408000

RUSLE Juts i S8 jule) o S 6Vl Silu 3 -V K3
Figure 7. Annual Erosion of Kechik Watershed with RUSLE Model.

bt s s Uik ol s Gk it 43S
(Rz) e e 5 Aoy A w )
Sl Ol 3,510 55 1y 30 o S5 /A
J,éb- cb el s 1 Je LM)S S oVl
Jolss om ot S Sy il o

A5 Y Jade s Jde 2 5 (8300

S Gl O g e Jelse ST s
BERS T PP GV NES JUVEES S oo
IDRISI Selva i3l 5 3l eslizl L Sl il 3
Shde ol s S e S5 el o
Jelse 5 wly ame Olgew S SVL
s 5 sk S ple B Ol (Sl

s JEee i Olpea LS Mg oot

RUSLE Js ;3 |53 Jalse 5 S 0500 Ol o o S5 Bils, -V dod>

Table 1. Regression relationships between soil loss rate and factors involved in RUSLE model.
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Table 2. Nutrient values in units work.

oA Lim e ols (o S5S 52 05) pols il ol bis Sl Sl ol
GeSa s (“)5;1:5) Mean Elements (gr.kg ™) (Dl 5 5 55 o) (L) G5 Al
Preserved nutrients el b <l Average soil Area Unit works
(kgha™) Ptasium Phosphours  Nitrojen Preserved (tha”y") (ha)
30741.24 0.384 0.0087 2.05 37.56 34.94 1
544.084 0.338 0.0020 2.4 1.90 104.0 2
6558.19 0.278 0.0047 1.75 33.37 96.66 3
8747.75 0.405 0.0014 1.2 15.47 351.8 4
775.57 0.153 0.0011 0.6 16.08 63.93 5
66.45 0.342 0.0020 0.4 7.06 12.64 6
45711.60 0.325 0.0078 3 40.30 340.3 7
8780.09 0.414 0.0021 1.3 45.08 113.4 8
17570.26 0.14 0.0014 0.5 28.06 975.8 9
4054.50 0.209 0.0038 2.1 33 53.11 10
14611.69 0.436 0.0072 3 34.26 123.8 11
19443.85 0.337 0.0035 2.5 36.19 189.1 12
297.31 0.229 0.0016 0.32 30.03 17.98 13
38196.75 0.207 0.0026 1.46 34.78 57.49 14
7303.62 0.451 0.0023 1.06 29.34 64.43 15
4520.62 0.31 0.0035 1.57 28.16 wil?ﬂ
Average
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Table 3. Economic value of land-uses.

(b Osdee) SEKa o gslaisl i3 ) (b O gdee) g3lal S 55 Os) crlie s
Economic value of each hectar (million Rials)  Total of economic value (milion Rials) Area (ha) Landuse
3.39 2274 669 S
Forest
2.84 3047.48 1073 &
Rangeland
I
2.16 3889.89 1800 2o
Dry land
Sl
2.79 3070.45 ok
Average

ey



YA (1) ko (YY) dlr SB g OF Clis glagyingsy & puid

Lile ot a5 sk o SU a4 by e (Ao
DLar 5 stome TV (S5 oo s oS
Shaslsls 5 Ao T Sier oyl L (YN
syls cllas AT o ol L (YA O
oA sl Slafass 4 a5 L (TR 5 TY XV
s sl 5 Sb s el bis ole Ol
@l LS Ll S8 b s ok 4 S
(TN sl 5 oo 3 slesls Jragsy 5l ol
OLen 5 wle (Y0V)) 0L 5 endss
b oamgl 7 508 D) el Gle (YD)
3,555 JS solasl Lassl 5l ol b e g
S el by sylke Y Sl gidol Lis
A S GIES 5 e (SR sl
5 Gaozn A2 Ll |y golasl [550 p 5aS b
L 5 S8 gslasl as)l (YY) O
G Wl 53 dUy e AV OY |, St (g ol
Jlo 53 by Osdee VAR (P11 OKen
JUs Osekee ££ALA v vy (YIA) OLKan 5 Ol
03 ¥ 88 (YVY ) OLes 5 o5 85 Jle s
SY5 Y4 (144Y) ol an 5 T5lalS 5 Jlu s ks
i 5,55y 3l oeslaad LoJle s S s
Qs (@ Ve ALY XV syl Csas U{inb-
Ll b warg b skel oy sla 2ol s vl
e Ghle HSp5d 5 AL S (el

el o glaze

IS (5 5
Bdes 5 Sl 5t Saobols Lis 5558 s
Lz..,\..:)\b LSJM J‘jﬂ &)JM)JN#EM

STERE Y (AS s St Sl w4 g

YEA

s laysis s oparta S Ll

e O el Gl oyl il W, aw s
SM 5 b b OAS b (gh,sliS sbsSb
b LSL"HJ uiUﬂ 3
L ety Sl bls 5 553 0 (S s
S L SR Syl s &

PR sl

5k Gl U8 e el s Lyl
3500 3 Jolb mlE 4 s bl s s
sulesd Jlie RUSLE iy, o Sl il b
05 s 53 YUY U o s 4l 5 S
wogm 3 J5 Rl buse 5 oesn e L
Lﬁfv.ﬁl“,\i.sjf 3yl Jle s e s 5 V/AS
wo g opl s S Jled b e (T4)))
(V) 58 sys0 5 Jle o LK s 5 VY/0A I
5o S Sl lade (Y1) 0L 5 0Ll
AY0) L5,8 5,50 5 AY/0) B v o VB sl o) 5
Gore sl o3s 53 (Y1) OLKes 5 vy 4=
o5 03 L (YOA) 0L 5 haslsls 5 olesls
Sk Gl Lo gt (Ole S ) OLSas s
Cowdds dla 5o S 53 500 5 WA/OY S Sa |y
5 i gble st s (FY 5 YY) Wyl
s Sl 5 Sal B8 Sl Sastans
2ol laals gl 5 g pd ale b s bl
SN Sk 2 Spddss s LS gl
S Sl gpd b B S e Sl
o Sos kS o 13 Sal 5 T esle ibcss
Cdidsh b Gl ol il e pe St
BB s e RS s g A Ly S
A o () s sl gkl
oS5 ot b b3 Ol 2 Jpe Jalse

AVI00) ol o o e &S B Ol b



O)Se g (o, andl,

Oleb! g oaly
Ll B8 asbobly ) ezl el i
LS 5 L hlesl il g 5 S w3

b mle 5 G50l e ke oKE s gl
ol e cbu\ Qgﬁ

Blo o,
Ui\ 9 b)\J..; sz.-) L;i.al.ud u..a)w Jlas w‘ L

1.Abbasi, M. 2016. Effects of land
use, slope and rainfall intensity on
runoff, sediment and nutrients in loess
lands of Kechik watershed, Golestan
Province. Ph.D. Gorgan University of
Agricultural  Sciences and Natural
Resources. Pp: 118-124.

2.Alvandi, E., Sadoddin, A., and Sheikh,
V.B. 2019. Predicting the impacts of
management  activities on  surface
runoff characteristics and soil erosion
in the Bonekooh Watershed — Hablehroud

River-Iran. J. Water Soil Cons.
26: 1. 27-48. (In Persian)
3.Arkhi, S., and Niyazi, Y. 2010.

Investigation of GIS and RS Application
for Estimation of Soil Erosion and
Sediment Load Using the RUSLE Model
(Case Study: Upstream Basin of Ilam
Dam). J. Water Soil Cons. 17: 2. 1-27.
(In Persian)

4 Bakhtiari, F., Panahi, M., Karami, M.,
Ghoddusi, J., Mashayekhi, Z., and
Pourzadi, M. 2009. Economic valuation
of soil nutrients retention function of
Sabzkouh forests. Iran. J. For. 1: 1. 69-81.
(In Persian)

5.Baraniyan Kabir, A., Mousavi, S.A,,
Bashari, H., Mesdaghi, M.R., and Basiri,
M. 2016. Economic Consequences of
Rangeland Use Change to Dryland from
Water and Soil Conservation Functions.
Applied Ecology. 6: 2. 27-40. (In Persian)

1£4

RS ey W s e ALS A
2phn gl 5 2 bl Sl
Sl e Sbt bl S5l slaasl
ol b slacand 53 Skt nl b oyl

2,8 Dy peo aibee 3 VL il

P g g

A2 (gl gl 5 @ e oSS Sl e s
S Sl OB S b i 5 53008 5l

.JJ;L;G

6.Bishop, J.T. 1999. Valuing Forests, A
review of methods and applications in

developing countries. Environmental
Economics Programme, International
Institute for Environment and

Development (IIED), 56p.

7.Bostan, Y., Fatahiardakani, A., Fehresti
Sani, M., and Sadeghinia, M. 2018. A
Pricing Model for Value of Gas
Regulation Function of Natural Resources
Ecosystems (Case Study: Sheikh Musa
Rangeland, Mazandaran Province, Iran).
J. Range. Sci. 8: 2. 186-200.

8.Bostan, Y., Fatahi Ardakani, A.,
Sadeghiniya, M., and Fehresti Sani, M.
2018. Estimating the Economic Value of
Soil and Aquatic Regulatory Functions of
Rangeland Ecosystems (Case Study:
Sheikh Moussa Rangeland Ecosystem of
Babol). Range. Sci. J. 12: 4. 464-480.
(In Persian)

9.Costanza, R.R., Groot, P., Sutton, S.,
van der Ploeg, S., Anderson, I,
Kubiszewski, S. Farber and Turner, R.
2014. Changes in the global value of
ecosystem services. Global Environmental
Change. 26: 152-158.

10.De Groot, R.S., Alkemade, R., Braat, L.,
Hein, L., and Willemen, L. 2010.
Challenges in integrating the concept of
ecosystem services and values in landscape
planning. management and decision
making. Ecol Complex. 7: 260-272.



I (1) o5lond (TY) > S g O cblis glaying sy 4 i

11.Fatahi Ardakani, A. 2013. The principles
of economic valuation of natural
resources. Ardakan University Press,
364p. (In Persian)

12.Fatahi, A., Bostan, Y., and Arab,
M. 2016. The Comparison of Methods
of  Discrere Payment  Vehicle
(Dichotomous Choice) in Improving the
Quality of the Environment (a case
study of air pollution in Tehran).

Third International Conference on
Engineering, Science and Technology.
Pp: 1-13.

13.Foster, G., and Wischmeier, W. 1974.
Evaluating irregular slopes for soil loss
prediction. Transactions of the ASAE.
17: 2, 305p.

14.Ghezelsoflou, A. 2011. Risk and
Damage Evaluation of Soil and N, P, K
Erosion in Chehel Chai Watershed of
Golestan Province. Master thesis.
Gorgan University of Agricultural
Sciences and Natural Resources.

15.Gulati, A., and Rai, S.C. 2014. Cost
estimation of soil erosion and nutrient
loss from a watershed of the
Chotanagpur Plateau, India. J. Curr. Sci.
106: 1-5.

16.Hengl, T. 2006. Finding the right
pixel size. Computers & Geosciences.
32:9. 1283-1298.

17.Hosseini, S.S., and Ghorbani, M. 2006.
Economic of soil erosion. Mashhad
University Press, 126p. (In Persian)

18.Jackson, M.L. 1967. Soil chemical
analysis. Prentice Hall, Englewood
Cliffs, New Jersy, USA, 521p.

19.Jin, K., Cornelis, W.M., Gabriels, D.,

Baert, M., Wu, H.J., Schiettecatte,
W., Cai, D.X.,, Deneve, S., lJin,
J.Y.Hartmann, R., and Hofman, G.
2009. Residue cover and rainfall

intensity effects on runoff soil organic
carbon losses. Catena. 8: 81-86.

20.Kavian, A., Mohammadi, M., Falah, M.,
Gholami. L., and Omidvar, E. 2016.
Application of RUSLE Model to
Determine Spatial Distribution of Soil
Loss Risk. Ecohydrology. 3: 4. 669-680.
(In Persian)

Yo

21.Khormai, H., Kiani, F., and Khormali,
F. 2016. Evaluation of  Soil
Erodibility Factor (k) for Loess Derived
Landforms of Kechik Watershed in
Golestan Province. J. Water Soil.
30: 6. 2078-2086. (In Persian)

22.Khorsand, M., Khaledi Darvishan, A.
and Gholamali Fard, M. 2016.
Comparison of the RUSLE Model
Annual Loss Estimation Results with
Data from Nails and Erosion Plots in
Khamsan Watershed. Ecohydrology.
3: 4. 669-680. (In Persian)

23.King, N.A. 2007. Economic valuation of
environmental goods and services in the
context of good ecosystem governance.
Water Policy 9. 2: 51.67.

24 Kumar, T. 2010. Physically-based
spatially  distributed rainfall runoff
modeling for soil erosion estimation
PhD Thesis. Institute of Hydraulic
Engineering, university of Stuttgart,
Stuttgart.

25.Lin, C.Y. 1997. A study on the width
and placement of vegetated buffer strips
in a mudstonedistributed watershed.
J. China Soil Water Cons. 3: 250-266.

26.Mahdavi, M. 2009. Applied hydrology.
Tehran University Press, 342p. (In
Persian)

27 .Mobarghei, N., and Sharzei, Gh. 2007.
Analysis of survey base methods in
ecosystem services valuation and
introduce more appropriate methods
to achieve reliable result especially
in developing countries. International
conference of “Re-inventing
Sustainability: A Climate for Change”
3rd- 6th July, Noosaville, Australia.
Pp: 13-15.

28.Mohamed Fayas, C., and Shantha
Abeysingha, N. 2019. Soil loss
estimation using rusle model toprioritize
erosioncontrol in KELANI riverbasinin
SrilLanka. International Soil and Water
Conservation Research. 7: 19. 130-137.

29.Mohammdi, Sh., Karimzadeh, H.,
Pourmanafi, S., and Soltani Koubae, S.
2018. Spatial and temporal estimation of
soil erosion using RUSLE model and
Landsat satellite time series (Case study:
Mandarjan, Isfahan). Iran. J. Natur.
Resour. 71: 3. 759-774.



O)Se g (o, andl,

30.Moore, I.D., and Burch, G.J. 1986.
Physical basis of the length-slope factor
in the Universal Soil Loss Equation. Soil
Sci. Soc. Amer. J. 50: 5. 1294-1298.

31.Mousavi, S.A., Arzani, H., Sharzei, Gh.,
Azarnivand, H., Farahpoor, M.,
Estefani, A., Alizadeh, E., and Nazari
Samani, A. 2011. Economic valuation of
rangeland coverage on soil conservation
(case  study: Middle  Taleghan
watershed). J. Iran Natur. Resour.
67:2.317-331. (In Persian)

32.Nezhadafzali, K., Shahrokhi, M., and
Bayatani, F. 2018. Assessment soil
erosion using RUSLE model and
identification the most effective factor in
Dekhan watershed basin of southern
Kerman. J. Natur. Environ. Hazard.
8:20. 21-38. (In Persian)

33.Niknahad = Gharmakher, H., and
Maramaei, M. 2011. Effects of land use
changes on soil properties (Case Study:
the Kechik catchment). J. Soil Manage.
Sust. Prod. 1: 2. 81-96. (In Persian)

34.Pajouhesh, M., Kaviani, A., Givi, J., and
Davoudian Dehkordi, A.R. 2017.
Estimating of the amount of soil loss
using universal soil loss equation in the
Jonghan watershed. J. Water Soil Cons.
24: 3. 299-306. (In Persian)

35.Refahi, H. 2000. Soil erosion by water
& conservation. Tehran University
Press, 551p. (In Persian)

36.Renard, K.G., and Freimund, J.R. 1994,
Using monthly precipitation data to
estimate the R-factor in the revised
USLE. J. Hydrol. 157: 287-306.

37.Salim Fargi, F. 2011. Assessing spatial
distribution of soil erosion hazard using
distributed USLE model in Kechik

Yoy

Watershed, Golestan, Iran. Master

thesis. Gorgan University of
Agricultural Sciences and Natural
Resources.

38.Shirazi, M.A., and Boersma, L. 1984.
A unifying quantitative analysis of
soil texture. Soil Sci. Soc. Amer. J.
48: 142-147.

39.Sun, J., Liu, Y., Zhou, T., Liu, G., and
Wang, J. 2018. Soil conservation service
on the Tibetan Plateau.1984-2013. Earth
and Environmental Science Transactions
of the Royal Society of Edinburgh.
1:7.1-7.

40.Tucker, C.J. 1979. and
photographic infrared linear
combinations for monitoring vegetation.
Remote Sensing of Environment.
8: 127-150.

41.Wischmeier, W.H., and Smith, D.D.
1978. Predicting rainfall erosion losses
A guide to conservation planning.

42.Yeganeh, H., Azarnivand, H., Saleh, 1.,
Arzani, H., and Amirnejad, H. 2016.
Estimating the economic value of soil
conservation function (Case study:
Taham watershed, Zanjan province).
Iran. J. Range Des. Res. 23: 1. 161-176.
(In Persian)

43.Zabihi, M., Sadeghi, S.H.R., and
Vafakhah, M. 2015. Spatial analysis
of rainfall erosivity index patterns
at different time scales in Iran.
Watershed Engineering and Management.
7: 4. 442-457.

44 Zerihun, M., Mohammedyasin, M.,
Demeke Sewnet, A., and Lakew, M.
2018. Assessment of soil erosion using
RUSLE, GIS and remote sensing in NW
Ethiopia. Geoderma Regional. 8: 17.

Red



i

[ Al i [ Research Full Paper ]
J. of Water and Soil Conservation, Vol. 27(6), 2021

http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2020.17763.3331

Estimating the economic value of the role of vegetation in controlling soil erosion
(Case Study: Kechik Watershed)

*R. Farsil, H. Yeganehz, M. Hoseinalizadeh® and M.S. Azimi’

'M.Sc. Graduate, Dept. of Rangeland Management, Gorgan University of Agricultural Sciences and
Natural Resources,

? Assistant Prof., Dept. of Rangeland Management, Gorgan University of Agricultural Sciences and
Natural Resources,

? Associate Prof., Dept. of Watershed and Desert Management, Gorgan University of Agricultural
Sciences and Natural Resources
Received: 03.02.2020; Accepted: 09.15.2020

Abstract

Background and Objectives: Preservation of soil and prevention of occurrence and intensification
of erosion are the most important functions of natural ecosystems. This issue is especially important
in steep and mountainous areas. Natural ecosystems are among the important economic resources for
many developing countries that contribute to the development of regions and communities by
producing goods and services. Soil conservation function, like many other ecosystem services, lacks
a market to determine the value. This study was conducted in 2019 with the aim of investigating the
role of natural ecosystem in Kechik area in controlling soil erosion and determining the economic
value of soil protection based on soil fertility maintenance function.

Materials and Methods: In order to estimate soil erosion quantitatively, the RUSLE model, which
inputs include rain erosion factor, soil erodibility factor, length and degree of slope factor, vegetation
factor and protective operations factor, was used in GIS environment. To calculate the economic
value of soil fertility maintenance function, soil retention and soil nutrient content including
nitrogen, phosphorus and potassium in the area were estimated and its economic value was
calculated using the alternative cost approach.

Results: The results of soil erosion by RUSLE method showed that the range of soil erosion in the
region varied from 0 to 239.2 tons per hectare per year and its average was estimated at 7.94 tons per
hectare per year. The value of the main elements preserved in the soil of the whole basin was equal
to 9.21 billion Rials per year and the value of each hectare of the region's ecosystem was estimated
at 2.55 million Rials per year. Also, the analysis of erosion data in IDRISI Selva software showed
thazt the factor of length and degree of slope had the greatest effect on estimating annual soil erosion
(R™=0.87).

Conclusion: The result of this study states that the value obtained per hectare of forest is 3.39,
rangeland 2.84 and dry land 2.16 million Rials per year, which shows the more value of rangeland
ecosystem than dry lands. Due to the positive effects of vegetation, the need for special attention to
rangeland and forest vegetation to reduce soil erosion is felt and it is recommended that biological
and soil protection programs performed to reduce soil erosion damage in areas with high erosion
sensitivity in the region.

Keywords: Economic value, Kechik watershed, RUSLE, Soil protection
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