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Extended Abstract

Background: At a global level, land degradation is a serious challenge to the productive capacity
of water and land resources. Soil erosion, water loss, vegetation cover reduction, biodiversity loss,
and nutrient depletion are all signs of land degradation. The most significant indicator of land
degradation is soil erosion, which, due to the water and nutrient loss, is one of the most important
indicators of soil degradation. Soil erosion and sediment production are influenced by the
interplay of climate, land cover, and land use. Due to this complexity, models are often used to
support soil and water management, such as the Soil and Water Assessment Tool (SWAT) and
the Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST). In the present study,
the InVEST Sediment Delivery Ratio model was used for sediment modeling. Research on
sediment modeling and soil retention in South Khorasan Province is essential due to the region's
arid and semi-arid climate, which poses serious challenges of soil erosion and land degradation.
Conducting these studies can help identify critical areas and provide effective management
strategies to preserve natural resources and improve the region's environmental sustainability.
Estimating the economic value of functions and services of natural resources is a challenging and
complex task, but essential for economic management. In recent years, the necessity of
determining the value of ecosystem services and biological resources has been firmly established
worldwide, and efforts have been made in this regard as well. The present study aims to
quantitatively assess the ecosystem service of sediment retention using the InVEST-SDR model
and its economic valuation in the watersheds of the eastern border regions of the country, located
in South Khorasan Province. No research in the study area has utilized the In'VEST model,
highlighting a significant research gap.

Methods: The study area includes 10 watersheds in the eastern region of South Khorasan Province,

covering an area of 2,008,357 hectares. Soil erosion and sediment yield modeling were initially
conducted in this study. The InVEST Sediment Delivery Ratio (SDR) model, a spatial model
operating at the resolution of the digital elevation model (30 m), was used to estimate soil erosion,
retention, and sediment yield annually in the northeastern part of South Khorasan Province. The
model first calculates the annual soil loss using the soil loss algorithm, then determines the SDR
as a function of the hydrological connectivity of the basin, and finally performs the economic
valuation. The cost replacement or restoration method was employed for the economic valuation
of sediment retention. In this research, therefore, the economic value of preserving soil fertility
was defined based on three elements: nitrogen (N), phosphorus (P), and potassium (K). Surface
soil is the first part susceptible to soil erosion, and the nutrient content of the soil at this level
decreases significantly. This decrease results in a reduction in organic nitrogen (N), phosphorus
(P), potassium (K), and other elements.

Results: The most substantial sediment retention is observed in dense forests, with dense pastures

ranking second within the region. This aligns with the conclusions drawn in similar research. The
Esfadan and Shahrokht watersheds showed the highest sediment production with more than 13
and 12 million tons, respectively, among other basins. The highest sediment retention rate was in
the Esfadan watershed, with 22626499.4 tons, and the lowest was in the Khaf salt marsh
watershed, with 1316208.6 tons. The soil retention rate at the pixel level was also obtained in the
range of 0-1058.3 tons. The lowest and highest soil loss rates were also obtained from 4845857.7
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to 63854710.6 tons for the Khaf and Esfadan salt marsh basins, respectively. The range of 0-1489
tons per pixel was calculated for soil loss. On the other hand, areas without vegetation cover
(especially built-up areas) have the lowest sediment retention capacity and the highest sediment
export. The results of economic valuation in the present study indicate that the average value of
sediment retention service per pixel (900 m?) is equivalent to 2731.48 Iranian Rials, which
amounts to 30349.77 Iranian Rials per hectare.

Conclusion: The Esfadan and Shahrakht Watersheds, with over 13 and 12 million tons,

respectively, had the highest sediment production among the other watersheds. The Namakzar
Khaf Watershed showed the lowest sediment amount, with 737504 tons. The average slope in the
Namakzar Khaf Watershed is 1.6%, which has the lowest sediment production and the lowest
slope among the other watersheds. In contrast, the average slope in the Esfadan Watershed, which
has the highest sediment production, is 14.7%, and it has the second-highest slope after the Ghaen
Watershed. At the pixel level, sediment amounts in the eastern border watershed of the country
ranged from O to 747.6 tons. The highest sediment retention was observed in the Esfadan
Watershed, with 22626499 tons, and the lowest in the Namakzar Khaf Watershed, with 1316208.6
tons. The minimum and maximum soil loss rates were obtained for the Namakzar Khaf and
Esfadan Watersheds, respectively, ranging from 4845857 to 6385471 tons.

Keywords: Erosion, Mollenig, Replacement cost, Soil fertility, South Khorasan

How to Cite This Article: Joorabian Shooshtari, Sh., Jahanishakib, F., & Ardakani, T. (2025). Quantitative
Assessment of the Ecosystem Service of Sediment Retention using the INVEST-SDR Model and Its Economic
Valuation. J Watershed Manage Res, 16(2), 114-126. DOI: 10.61882/jwmr.2025.1278



http://dx.doi.org/10.61882/jwmr.2025.1278
http://jwmr.sanru.ac.ir/article-1-1278-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1278 ]

A

VECF /Y oylod /el Jlo 550l 055 Capite 4ol jimgs

§ e (gl il g (555508 sl BSLLS

Joe 3l o:l.&:.u::l b Cgw )y CaildaS sotummwsS| Codd (o5 b))
ol gdlaidl 5,135 w;,l g INVEST-SDR

T3, 0,8l 910 TSl (Sl acbld (g jiudignd (lalygn o pud

Oyl e Mo liwsd ando mlio 5 (65)9liS" pole oKy cirmds (owdige 095 ¢ bdliwl =)
(Jahanishakib@birjand.ac.ir : Jgguse odiuw g5) ¢yl yl cdize yuy iy oKD cannyj bayoro g (b milio 0SS s Lazes 09,5 ¢ )Liolial =¥
Ol 2y ey 870 ol &uiils ( xaslo mlio 5 (65)5liS 0aSUilS cCunnyj bauzo (wdizes g pole 05,5 ¢ylskiwl -V

VESFLYIYY Dbl o) VEFLAYY: ol )b VEYIN/Y - el oyl
VS b WF caomio

-‘?W °~‘»:5~%
€55 (P s ol SB i Cul i g o plio g Sl lp i (e S0 e 05 Sle a3 1BMR g dondo
Sl SB Gl ,d cwl SB P () 0 PO SIS () ke Miwd (o) 595 (LS | (Sen (gdae dlge (ialS iored 5 uw)
9 o) Ui malll o Jlite Llgy 53U Cot gy Mg g ST Gl sl SB 55 (laadld (p ek | 21 pelie SRalS
03lazwl INVEST ¢ S g Ol (obj)l il aile Of g SB o pie j Shaiis e el oo e o Sauzmn ol & a5 b .ol e 5l 610 0 00
Onej S il s S iluyd i slaills b« Siddog 9 Suis ol byl o dilate cpl 15 Cusl ()58 (o9 Gl bl 5o
Cuj s (530k gm0 5 e e B> (sl S50 (st pde byl Wl 5 (Sl Bble lelid 4 Sl e Slidiod ol plosl cusl a2lge
OuS o3 il (5908 (g3laill Co e (gl bol Cunl slodomn 5 JSuie HIST b mlio lods g ad S5 (golaiBl 55l 50l ST KoS” dilato
Ban by ol iags, wl X @Law)/l; 55 pegadcpl 3 g Conl o)y Cuslad 4y oz )0 3] o Jlw )0 w5 milie 5 oitumwsST Closs 453
&8lg youiS (Byd jyo ol rojes o ol (eokamdl (o liS 55 g INVEST-SDR Jae 3l esliiw] b o)y cubhaSS otuuwsS| cwodd oS b))l
S owimd i oS Cawl 03,55 03liw] INVEST Gguwy Jr956 Cad Jo 3l dalllas 390 dilaie jd (2uiod gud Cuwl odd pbsl oo lul 5 liwl )

ol o JB Slaass IS

Sl caadllas opl jo sl )l Y/ < e A YAY Colue b psin Slol 3 liwl §yd ) ).>o] o5 Vo ol addllas 350 ddlais :Léu:@) 9 D‘yo
Ye) eyl 058y Jdo Jslw o3l p3 oS cunl JlSe Jiao G INVEST gy o926 Cams Jdo 1335 odliii] Ggwy dg5 5 S ) yua (gilw Jde
SVl )y 1zl Je 05 03 54 g olold il (B8 lod > VLo igusy s 5 CoBloas (S Cdypan o35 (s 5 1S o S (2
SIS B3] Caleg 53 9 WS (o0 s 489> (Sefelgrden JLadl I (i (lgiedr]) SDR (pugus diS (0 drssloe S5 80 o yoS1 Sl o3litsl L 1) ST
i ol 9 i) s sl o o0l iluil b upels Auzn be) gy cadloai slaidl g )35 55l slaieds 395 e plowl g3l
0oy 3 &S Cul s O (o daw SB35 (o oy g yaad (Ol paie dw p Sue (xlaw SB o35 Jols i goladl i)
(K) oy oP) s (N) &) T Slgo (3 cmgo 2l ol il om (20l iy e il 55 ST 136 Slgo im 5 50 1,3 S il
) ) B9 polis plo g

Oyt <3 a5 il gl sloj g ailate )3 WS @ ol S o g WS S )l 5 ) BT (lie (il AL
b il 350l )9 3 guy CubloaSs i s 03l LI basg ulo o 50 0 s VY 9 Wl G b i ) g 55 e
VeOMY o el 5 i o > ST adlsaSs e ol ol (5 YWABYAS b Glos J1icSad sl 035 |y clzwo oo pied 3 o3 YYSYSTAR/F
el Cowddy bl g CBlgs 15K0d sladdgs (gl cud iy o3 SYADEYY /8 5 FAFOADYIY | S5 by yum ljse oy 9 (pp yieS dolCanddy
byl oy a8 (oadatle bl ojga) 2LS Lide o bl (500 (som j b Al S cd)yum gl Sy g o5 VAL - alb
gy Cudl3aSS Codd (55)) 5p0le o 03l (LS p2l g )3 (3Ll (IS 5 el S e wal 1y Cgu 0L cn i 9 ) )RS
W35 duwlxe Jby YeYFAVY Joleo lSa ja j3 o] Jlade a5 550 Jby YWYV/FA Jolee (g p0 pio A v Colune 4)) JuSy s2

05> 32815 laojg> b (e )3 1) gy W55 (i oy (0 oo W5 W Gl L ity 8,0l 5 il jiul slao o> 36 5 deil
CpyieS adgs ol & ol o3 VE Glgs J15S6s sl ddgn D b (pSSle b (Ui |y Ggwy lime (pyieS o YIVA-F b Glos 1385 il
VIV )l 1) gwy 395 Olise st o5 il 49> )3 s (560ke Jille 3 33 bradgs plo ple 13 1) cud (38 5 gy M55 Oliee
VEVIE G+ 5l 0S5y (5500 0)0> 50 oy (il ise (S s 55 .l 0315 oliaid] 565 4y 1) s (im0 o YL (6 Adgs 3l Ly g ol duo
OONIYAF L Bl 3865 55ul 0 )3 (lie (yteS 5 o8 VWYSFAR L hiaal 35ul )9 )3 gy CloaSs oliee csidie 20 e (o5
Canddy 5 FYAOFYY B FAYOAQY I s s lsduwl 5 Bled j)iSas sladses (gl cuipas S cdyyan oo op il g oy yieS 545 sdalin
kel

O3Sl 4 gilo i il ® g ol SB 5 Jols 158 sWaojly

alis PPk Aud  po) G ySS alis )'| Sod doddo
9l Al SB ilef il SB )38 o) 0 lp o Gl S o) )5S (Sl paw

SB 055 slagasld (niete §l 2l polis (ol Ol S )0l ej g O mlie My cud b
el Blol Gaw) Ay (Debie & Awoke, 2023) ol dxe dlgo LiblS Cpimen g ) 95 (LS idg


https://orcid.org/0000-0002-6676-8317
http://dx.doi.org/10.61882/jwmr.2025.1278
http://jwmr.sanru.ac.ir/article-1-1278-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1278 ]

Sl 0pll g Sh Sl abld gbgd plulygr oy

VY ol olasdl ()35 55 s INVVEST-SDR. o 3l o3litsl b oguy codldaSs otumwsS] cuodd o5 b))

Gashaw ) 39 o cawdVl clelas)] 5 o5 02l b 3bls )
(et al., 2021

FJals sy (e Cogu) S8 JeloS g 455
ase> 3 SWAT Ol g SB b5l 5l Jae 5l eolazwl b
b adlas ol 285 plonl 35 (s3] ) |)Blsg 3150
Sl g sul 0jo> p gy g il xIb b)) S
Wl gy S8 e ol Gy olbaey
colia gly adllas oyl (slaasdl, (Fitriyana et al., 2020)
gy S Sblidl il 5 ssul copte sl
P gy g ple Ogllael Gl Gials (ol siedan
it 03wl b6 ddlllas 350 ju5ul ddes

(Barzali et al., 2022) -,Ken o Jeip olpl o
u»Lw] 2 6).:‘ ).a.‘>u| 0j9> ) I) Cgw) CailhdSs eullB
S5 el Bis 5 1) 85003 §| e inlS 3,515
InVEST (g)l;8lp p aiws ;3 SDR Jao odlazwl L S
(Zabihi et al., 2021) ), Ken 5 uwd L2905 3,90
odlazul b 1y a5k bl 53 ,YB (o jusul o (canca gyl
Mo g culheSs (SB iy jun Y 5l INVEST  Jao
5313 )13 oy 2y90 g
Sy olail o pie sly bl cusl glodony 5 JSuie
b mle o il 1 oS pByl 0 elcinddy Ll
S (o3lal S )] esiad JSis (slaadlse &y cxgily
S ¢ yezen (Chahouki & Sanaei, 2018) cowl JSuio
L awlio LB e classly cuns p Sloss ol (6138 55
3 65503 s (g Some s LIE ol il Y L
pas gycpl 5l el Kbl b @L'A’QLQ,& 5 Yl
Wl 4 e 6y prenal maw j0 bl Cuand 4 4y
.(Saleh & Poorasghar, 2014) 555 .0 jlubl glaculuw
Gy oo Lais 4 (SaS ol ool b5yl 3,40
I3 A5 il e 58 a0l b i 3
Sgu w)f e jasin Bua S sl Wb oS cwl
g el Bpo wygo opl pé > ¢(Jafari er al., 2021)
S oylgen i 35,1 8B olasa oS cuwl 8]
lasdl 1> pre sbasaes JI (S by e Clogdge
bty pavass Gy albel) (Bl ) e
Jo p Cwl 0dg g e Gledd 5 YK & cunlio
) @le g (sotummsST Slosd (5] (s pgj) VP
9 (Ninan & Kontoleon, 2016) sy cuslad & 4les 5
ol 0 u.:l.tbu«:)'t B uo9aa>u)| 5

UYsy (Sanden & King, 1998) s 4 il
ik, S ocblis b)) 53,0 canday ol |y Solan
slasl ws S 4 Wil Mol iz K ecuis
SB bylys a8 0o gl Sola ylib cuwd g5,

5,5, (gilo oS yolaiods (Ebrahimi, 2013) ounl,l
61)4 o Dged salawwl MPSIAC UP9) )1 S b

e dlge 5 Ol )& Cd b (SB (558 Sl il
IB ) ge G0y Jhd g ) eS|
4 &S gow) lie «ogwy AJgi (Eyvazi ef al., 2023)
by jlade (ol WS (0 oy |) sy o0 ad9> (295
0ot 9 Sl ym ()b dhuwgs (e rdans Sl SB ol b
d9den s o) JLal bl ey JUil (slas] 6
{Zhou et al., 2019)

O bl gy 18U Cod Cgw) Wy g S il b
Ol & dagi bl a5l 63 000 9 o) By ol
5 SB Copae jl Slatdy Cap Ll laJae (St
(InVEST) 5 (SWAT) Sk 5 oI b))l asle o
Uibets 53 .(Mani & Hannachi, 2019) wad o oolitl
cq> InVEST Cow)y oot Camd Jao jl cpsls
S ossu lpsa Jae opl b oolatw] Gow) (silw Jde
9 Gl | cblis o S )lie S b dloyw ofgy
ol &S cuwsl (WWEF) Lisg il Sl Goluo
ol 4Bl dmiogi Uguodive g 32wl

@ oddd)ly Slgu Jlde oykd j9)5° s3ul 0je>
9 o) by g9 elely adlate )3 0ABCBISS g o
(Ureta et al., 2022) i 3yl INVEST-SDR Juw
Dy Ol cudS Kol Cu e Cuonl lmOT asllas ol
3 5 i pl5in |y g Slasd S 05
oy S sy L 500 95 4 (o) Hidey £95 S
ol cuiS A etawsS] Slodd Seup (sl avgi b
2 Slgicen b (6508 slaoged g S jl cblis 5 )b
(Ureta et al., 2022) 39 1,5 £ly; 3ble

pom 3 S5 925 joul Adg> 3 O S g ol 3
3y30 ARIES 4 INVEST Jae 93 jl oolatwl b Js55 99l
J% (Brazdo et al., 2022) 8,5 |3 Jlow 5 4j0
9 Silwaddi |y Cgw) ) 9 s ©loss INVEST
o les oo il e pianw ST losd Bluslre 3 )b
9 djl)‘ dg>g0 @55 0 Sgw) Lhas )] l) L;)Ltbu».o?{; aalllao
Jdo LS o a1y ooliw] 250 (sla Jao slacydgione
b b bylyd cov 1) eVl algl Sk INVEST
Ly SB ba g ol ARIES Jao Jg S 0 &)
dooloee SB iolo,d odd Mol Sles doles I eolasiwl
.(Brazdo et al., 2022) y i o

Cdyyan o5 gl INZVEST-SDR Jie ¢ yisron
L oS (o1 ) bl o il (bl > g )b g S
oS L3 eolatwl dyge  Aiwd  dnlse 23y 3gueS
Ol cilizes 5ol i 3 1) Cgu) g5 5 S alls
5 o.\.«.‘(}‘).>| J C"L" S8 5 ufb oy @L.: 5ol
iCaggl 9 3k Gile Jewily b LB olels
g Sl cbls hjacby clp sul sbade nj


http://dx.doi.org/10.61882/jwmr.2025.1278
http://jwmr.sanru.ac.ir/article-1-1278-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1278 ]

WA

SE oyl 5 s Sl 40kl 551395 Glolyg> iy
VEF /Y o los /pmd s Jlo 50l 0565 o e 4ol g

33 Qe 2905 (ol OSed slaasly 4 ) adlais
QS sblgpu 0jg> )3 |y Sligwy S8 5518 sVl
Ban b pol Simgh 90 2y9lp Cum b Al ja 35S0, L
)I o.)l.&:.w‘ L Sgw) Cuilndss W;‘ Cods UJ LS’L))l
» ol wladl g)l38 o5, 9 INVEST-SDR Juo
92 Ol Gl )3 @Bly )9S (B jye sl slaojo>

Ll oA Pl;u’l

Lo ydg; 9 2150

Ol 3y ) 550l ojgn Ve ol adllas 590 ddlaie
() JS) ol S ¥ A YOV corbun b g ol 3
(Ya JSS) caol psio g0 YADD U OVA 5l el ael
o> ¥l (Silke 5 soen VIR il YL (Silie
Oliwe cpyidiar 051550 & p0 it 3,8 Bl 4> )3 VE/YD
dhds doyd YO/OY L ases (0 |y Lidey/ ol (gy)8
(Vb JS5) conl o0y oliazs

Egnae gojls Sl gbayie ululy 1) G0k
odlatwl b (Ghasemi et al., 2016) -, San g cowld
bis ooladl 35 (g Blge 3Kl gy
i 059y 3 (U sddlsl wilpe » SB g38 o
WAY B YA gla Jlo (b 1) olig obl fps 3 o)
22U Ghber Gl B (1 (LS el 25,8 (e
e wbeuss gle SEé ol bis )
Cdyyn 4 bgrpe GleMblus 48,8 e o sald lgiea
Sy easlhes (NPK) SB olie olie jpolie 3 S
zlyinl (p)S w05y )l 5l olal slaculs
Al Jhe bl pialuyd oliee ATAY Jlo ol i
srshhis pole 035l cladnia g A5 5yl (IRIFR)
SB oolal S5 g Slp plesd gladgs L S
W33,5 Al
sskaieds (Hanare Khaliani, 2015) SWs bl
MPSIAC (9, b g 5 plalwd Oliee siloeS

56°00"E 0'E 00'E 00"E 0°00"E  61°00'E  Z
i L &
g : < 8
5 _aamn RO
8 ol [Zouzani‘ \Numakzar‘ Kh’uf g -
4 o ar
z| wm Gisour [ A ) Shahrakh |-
°1 | 4 3
& ! l Ghaenat |
i z
/I /. o
= N Ghaen [ Esfadan e
A 8 i =
54 N S \
a - ¢ < \ ;. =
i N Darmian-Asadabad [ Water bodies
A  Gezik | l\ \\ 1 Z ‘ Iran's provinces
N E ¢ re
E " Khoushab ) \:I Watershed boundary
21 T {
& . /‘} South Khorasan Province
. e z i
T / F2 /,.(>~z
z - i e -
g 9 @ H
A 4 030 60 120 180 240
s \
Km
T T T T T
55°00'E  S6°00°E  S7°00°E  SB'00"E  59°0C'E  60°0'0°E

Ol (B 50 53 dalllan 3,90 5l (slaojen Cumbge =\ IS
Figure 1. The location of the studied watersheds in the eastern border of Iran

g Cuol GIS aly » Jao cpl sl piawgwsST 3 g,
5 PSng SB el gy glaaY ol slagdgs
Allls Cgwy ke b2y e LS )8
&) a5 ogMedy g 09 135 12 40 OABCBINASS g 05 o
Osbe im0 L5 1) ey )l )3 S B oo 03

() aaly) b o Cuses (RUSLE)

USLE; = (R * K = LS * C * P); )yl

2 Fodee J5ie) Gl (Sanle Jole R ol o &8
8o o) SBgpdiphled )5 K fcols y lsa
ol HeSB LS yiadhe g )lSa p JojlRe p el
Jole Py e o)l )8 5 ey g5 5551 C e Jsbo
(Hamel et al., 2015) s (2 plo lolidl

Sy Mg g SB S8y 08 glw e

S Jao S InVEST Cgwy Jrgzd Comd o
Sly 9 WS (o0 S EB)] (098) S Jobw ol 13 & ol
il Jdo b o0y J8a ogin el d il (3,5 Jledd
So Sejorin Jal ) b5 (lsicdy Iy SDR (e
(Gashaw et al., 2021) &S o dusloes asg>

Py G sl 59,5 INVEST Cauwy (5 055 Joo
IS Jlde Juo () S o g5 Yl bawgie Jloj ywlide
015ag AVl gy (1SSl (o35 b 1) 008095 ogusy
S cdyyun Sl dolee lodlatol b o) asked ya lawgs
55 e aulna (g0 ¥+) JuSy oolds > (USLE)
wawy Jsl Jae an (Sanchez-Canales et al., 2015)


http://dx.doi.org/10.61882/jwmr.2025.1278
http://jwmr.sanru.ac.ir/article-1-1278-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1278 ]

S0l 5 uSh Sl 40l 51395 Glolygr iy

a ol olasdl ()35 55 s INVVEST-SDR. o 3l o3litsl b oguy codldaSs otumwsS] cuodd o5 b))

5 Sk el 5t Sl omimen ol xbaw by
Degife ) cuol Hiolwyd 4 SB cuwlus g SB cé))un
WS osle (SB il b cou K e (et al., 2021
(Thapa, 2020) cusl SB & o (50350 9 SB sl
S8 sl SB ol el b Solel e jasls ol
JSis 4y a5 amd e ol 1y Gl g ol baws JlEl b
Jobo p» lp SB opdgialeyd (5)) b ) sl
aayly 5l gy Y Sygods Gasls cpl Ded 0 0ol L

23,5 g (7)
K s, Fal,
13
= {0.2 +0.3exp [—0.0256 Sy (1 - W)B
S\ 0.25C
«( )+ [10- =
Cl+ S; C + exp(3.72 — 2.95C)
0.7 SN
* [1.0 - ]
SN + exp(=5.51 + 22.9SN)

9 u) cu.l.m; ‘U"‘“’ )JW .\w)aC 5C1 ‘Si ch U] ).)4\5
(Soilgrids.org) ISRIC o3> o5oL 51 45" wizwn JT )
1-S¢/100 b sl il SN .ssel cwday

Oy o] (813 2y
RSy Oygods (i bl S35 Y
239290 (wej Dbl (w2 )8 00 B3 4l 4l
5l ab asas (Karra et al., 2021) ab ags Bsri colw
Karraetal., ) 3 (saudib Guas (5,830 pisyeX) 5 )b
9L s Lol &S 4B ol 3805 jghtea (2021
I pYhcdsl g o Ve SS& a4 LY Litiw slo)lgalo
Sygo (Sl dcgome sl YoV Jlo 4 bgsye AD
o o)le] ololy gy 5 JSin Cli &5 gjsboay .S
oo pgbad ) g Seime (NDVIY) (alS gy a3l
Bblie )3 w5155 9 051505 Al 9 4 VoV jpuolicw V)
Gy SeSay JU )8 SSs Siiddos 5 Sis
égL’.a Ol‘}l‘“ S § Jm}u cblas OLo)’L» D d9>g0 x9LaS
Olejls (S 955 (oaghy St 958 ()55 5 (rbo
dﬂal.nd‘ﬁ o) &Y cous ‘Q)Iﬁfs)ﬁd)b){a\dﬁi
ksl ale 08 Jobs el adllas 390
LM e jladb e e Yo 4 4Y 55 Jolw o5l
(55U 23l (FgSame Gblio o] Wi 5 3> Jold)
Sl 51505 Gla Sz Sl oS ol )

Dol Cusdty (51508 @150 9 05155

() S S 5 S ity s
by ol Giale s jl 6ol 5 (alS Jidgy Cuenl

P ol ey SB iled Ded 0 dwbre C s li
e 3 el 5l ol oS LS Lo & la e
JJJQ Gﬁa\.f gy «hyls Lgl.moﬁ.o)’ » Sk quu)s
Ol g plp > SB gaw (Bl by e cladle
b ool & ey pidgy gl Jod cdoms )3 sl a8
SB Gl g5l @ Wlg o b LS by
oSl (S (Debie & Awoke, 2023) 1S SaS

e sots | JuSy 53 (SDR) gy g0 e
Ll o Cawnddy (s05508umw @b 1 eslazwl L IC aslis
(Y alayly)

SDRyax ¥ ala,

SDRl = — -
1+ exp <—Icokb Icl)

6255 gy Jis70 Cums pSli> SDRuax 5] 5 &
o D9 o0 iy Ry gy S S M Glgisds & Cul
g pie Oy )3 5 M CS e by Cewdy Mg
Ko s TCo .l + /A o U334t e ST 385 M|
Y g+ /0 yolie oy &S ditud gl IS sl el )l 3
(Vigiak et al., 2012) uub 48,5 s )

550 51 5) (s0d_expOTt) | bz 5| oy b
ool SDR 55 o S5 Cbypn elitas b (Jlo
(Y daly)

sed_export; = USLE; * SDR; ¥ alal,

plod Cgwy ggee | ade gy S5l
Ut Lasgs gusy ubhaSs Ladls . dloee b uSy
(Vigiak et al., 2012) 55 o duwlboro ¥ dlayly jqu0ds

R+K* LS(1 — CP) * SDR; ¥ bl

S by SBGled S sk onmsplis o
SDR _bele L g ol cd S |y dugliio 5 Jeb 3l
D9 e (B9

E)l 098y Jho Jold Jae jli 5)90 aly slaaiss
SEgpdighlep ol Swlep el gp)l
A 23] 6 2)8 g 2LS Wby

O (R) ol Sl il
2 oAl @xd S oxm Ui (SH)b (hale b jadls

95 59 sodld piliue o duole § cul S iolu
&9 9 Ob o luly el cplcul ()L dogy
Conl (S05b (Shg (n e ©MD 9 3980 e SV
Debie & Awoke, ) &S o cpund 1) Gioloyd asyd &S
Sk 425 15 3 Sazlap Y Mg e (2023
SLbl g B eriwphl gboliwl 5k 4Vl
0SS (0 5 F) laalaly jlodliil b uge 5 M55 a0
Sadeghi & Tavangar, ) 15,5 dusl>e L)L (Sasle,d

(2015
Ry = [0.5 + 0.05P°] ¥,
RWS =6.5 RR + 1.52 I 4]0{‘)

AVl ke P*RoOSE Jdo a3l Rr o)l ,5 o
St Yo L)L (Sl yd jaslsRws ¢ 55L

(K) S (gm0 il 3 (ad b
e 9 (Soidon Sluogas SB gl ol
ool inloyd 4 SB Comlus snad jlis & cwl S
5 il by S Gl ol ol saima Lt K gisls


http://dx.doi.org/10.61882/jwmr.2025.1278
http://jwmr.sanru.ac.ir/article-1-1278-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-06-20 ]

[ DOI: 10.61882/jwmr.2025.1278 ]

VWY

S ol 5 uSs Sl 40kl (5 yn395 Glolyer Gy

VEF /Y o los /pmd s Jlo 50l 0565 o e 4ol g

lie Jolas w155 0 ndizjo (] oS (pl 58 9 (oo
Ll g daled O wigd 4l ) o slads i
Ble Sl (55 )l i@ylee ol 45 3505 (25 Gl 0
oS a5 il Has 3 bl e e slaaja
Uhay Ol Cuann ol )3 puiianns (65503100 1 oalazal S oS
.(Ghorbani & Firoz Zare, 2010) cuwl wlio puiils

bis (oolal (b)) (pingn ol » sy onl &
g b Ol paic dw pie (e S5 ol
S'& (Ghasemi Arian ef al., 2015) 335,5 (o 425 pumliy
S iloyd (oyme &S Cuwl iy pitass o o
LiblS by mdaw cpl 0 S olie dlge e 53,05 1,8
yind (N) &l I dlse 0368 cge (0l ) il e
b I olge pials 9o polis plo g (K) wawly «(P)
ol g yand (il Ll ol SB (o558 Jols als
Crl o9 faisud (lalS L5) (l (65900 9 (Lol polic
b 3 pejeie 5 peedS Ao 5l GliaS polis jlade cpais dw
Amirnjad & Atai, ) Lb o SialS S il s (il5l
& wimmgS| Cws cpl S g5 55l JU (2018
Syl bl pa Lol (gdxe dlge b polie e (uiSTy
el ool 5l eaiscdl o leMbl ulul p o iagh opl 5o
S Slilojl pie pluld il (65,5l8 Sl lojls
widly 368 g9 3l oalatwl j> oyglie (sliwly 3 l;ysliS
A LD Oygody Gl ey 5> SB (gdse dlge s
5L 5550 0210 08GL JueS g STy s a3l dm 3,5
ol o €SS Jlw Jgbo 53 a5 sgw) Hlide 4 a5 b
D9y 003,5 bads Lgw)y CubhaSs dawlgdy &S ¢ polis e
«olg ,» (Ghasemi Arian ef al., 2015) 13,5 3,4l
S ylojlo 3l oadcdl yd SleMbl slie p yolie Cioid
(P5hS 2 P ken) owen > e 2 sl jpolisS
035 Al (V Jad2) &)jg0ay

LS by SOl a5l C el e sl o3
NDVI clnosls «jbgy ol » -cawl (NDVI) o3 Jlo s
Ve e S yu8 L Landsat o)lgale lawgs sadass
#U (Kse bl 5 C bl plolid lp e
3 oolitul 3yg0 S Gialwyd p LS jide ol
S e SMBL 5 NDVI [asls apslxe gy 8,5
g0 3 i (RED) jo.3 5 (NIR) 135 o (50l
13,5 oy (V) sl 5155 C Las b b ool 1L g0 oy

(Zabihi et al., 2021)
_ —NDVI+1 Y
2
(P) Blis Wldas Jole

sly Bl b oM id exmd lis P fele
Bl Slelidl oy sble 4 S ¢ Jsore jgbay ol
P o & SO Hlade JBlis Lol g o ooy olas]
ol Glp gy Hlasl s ables cleladl L sble
ool (JB Oldlles j sddoslaisl Pydlis 5l ¢ gl
(Kumar & Kushwaha, 2013) 45,5

il 5 138 i,
089y 3l eoguy eSS (galatdl (6 )15 551 jglaieas
O8] dwslone By b el ' gilusl b Sl e
I olgie il (Sael (gyg0 00 b AP ) p e
sl Slass 31 p o3l el cn iRl auie by,
5l leg anja ol ((Behjou et al., 2016) 5,5 oslit!
Gl 355 oo )3 ks e 3l &) ) b ] oSyl
o 5l imleyd Bl a8 S gdie dlge b3, (g S0l
Siloil b iRl clp &) slan e (g ol 43,
Cuwddy dgw i)l Blis laicds wad o Bpo SB oyl
o gl o8 5 SB lop S 5 e

Table 1. Specifications of fertilizers based on the regulatory rate of agricultural Jihad of the province in 2020

PPM j» Cuosd olS o Cuaid O g Cuasd yolis doyd
(b)) yolis (Jby) 2020 JLs 53 558 () 2020 Jlu )3 558 (1) 355 55 5 FertilizersS
Price per PPM The price of each kilogram of Price per ton of fertilizer Percentage of elements
elements (Rials) fertilizer in 2020 (Rials) in 2020 (dollars) per kilogram of fertilizer
0.252 115968 4832 1 0.46 o9
Nitrogen (N) Urea
0.147 29568 1232 8020 Sl S
Phosphorus (P) Phosphate rock
0.1 50448 2102 o 050 paelly 3,18
Potass (K) Potasmum chloride

Soud polie STy claadids o ey K _ppm o P_ppm
Aot poliy
A da,

(("N_ppm" *0.252) + ("P_ppm" * 0.147) +

("K ppm" * 0.1)) / 1000000

(("Nltrat" * "sed_retention_sed.tif" * 0. 252)
+ ("Phosphor" ¥ "sed refention_sed.tif" *

0.147) + ("Potasiom" *

"sed retention sed.tif" * 0.1))
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Figure 2. Data prepared to enter the INVEST sediment delivery ratio model (a) DEM, (b) land use/ land cover map,
(c) rainfall erosivity, (d) soil erodibility
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Table 2. The amount of soil loss, sediment yield, and retention in the studied watersheds (unit: tons per basin)

Sediment retention guy Cublass Soil loss SB cé,,40

Sediment yield guw) AJo5 Basin name as g ol
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Figure 3. The sediment yield map (tons per pixel) in the studied watersheds
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Table 3. The results of natural failures in the sediment yield layer (in terms of percentage) in the studied watersheds
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Table 4. The area and amount of sediment retention in different uses of the study area
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Figure 4. The economic value of the sediment maintenance service per pixel in Rials
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Table 5. Statistical analysis of the economic value of the sediment retention service in the area of the studied watersheds

(in Rials)
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