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

PPM o Cuoyd ohS 1 Cuaid O g Cuasd yolis doyd
(Jb)) yolis (Jby) 2020 JLs 53 58 (¥5) 2020 Ju )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 0.46 o9
Nitrogen (N) Urea
0.147 29568 1232 8020 Sl S
Phosphorus (P) Phosphate rock
0.1 50448 2102 o 050 paelly 40,18
Potass (K) Potasmum chloride

Soud polie STy claadids i pay K _ppm o P_ppm
Aot oy
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))

CuiheaSs Cwdd dawlgdy &S (g polie (i)l woles jo

2 Cad 3 o b Alblis Ojgod; g edblais Cgw,
D5l o ol Caanday L5 3500 puate | gabio 53 Cund
SeSay polis sl @eod j ogw) Cuilsass cwss
3235 33l Jb)y s yp adlllas 350 039350 53 (A) eyl
ol @l polie 281y cads N_ppm o o

1 Replacement repair/expenditure
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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 Cguy Cublass Soil loss SB c,,40

Sediment yield guw) AJo5 Basin name a5 ol

8645917.3 23661553.9
2127268.8 6238920.1

5852737.8 15354574.4
1316208.6 4845857.7

5478328.9 15285793.8
22626499.4 63854710.6
21121905.6 51653417.2
6975784.8 20670768.8
4511168.9 12947402.9
11742676.1 32558513.3

4982895.7 Ghaenat 56
1219134.5 Gisour jguus
3449285.3 Zouzan s

737504.8 Khava salt marsh Clgs |3
3143250.7 Ghaen
13028571.6 Esfadan -)lsaw!
12556567.4 Shahrakht cé pals
4004862.4 Khoushab Lsgs
2607210.6 Gezik 35
6823200.04 Darmian-Asadabad sb]swk ke,
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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

High sl Medium lawgio Low oS Basin Name 4o o
0.69 8.16 91.14 Ghaenat <318
0.56 10.18 89.24 Gysor jguuS
032 3.16 96.5 Zozen s
0.07 1.07 98.85 Namakzar Khaf Glgs 158
0.54 10.17 89.28 Caen p8
0.38 11.77 87.83 Esfadan lsawl
0.36 4.27 95.36 Shahrekht c.& ali
0.23 5.26 94.49 Khoshab ligs
0.69 10.52 88.78 Gazik 35
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Table 4. The area and amount of sediment retention in different uses of the study area

(Jbo 33 ;S 55 () Cguy CublraSS () Cgmy Cuslrass (i) colue 2l )
Sediment retention (tons per hectare per year) Sediment retention (tons) Area (ha) Land use
11.8 401.4 LM%
Playa
19.5 11327544.8 580584.79 wS15eS S
Low density forest
331.4 308398.2 930.42 o515 S5
Dense forest
4.94 323242.5 65428.65 dé”“
Agriculture
17.6 196196.9 11094.66 ‘f .
Residential
16.02 2254629.03 140696.55 »b
Bare land
18.59 5355520.9 288020.34 w1 &y
Low-density pasture
76.3 70628209.4 925642.44 oSin &

Dense pasture
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Figure 4. The economic value of the sediment maintenance service per pixel in Rials

ol olasdl ()35 55 s INVVEST-SDR. o 51 okl b ogary cadldaSs otumwsS] cuods o5 b))

(Jy conss ) adllas 390 350l (slaojon 13 Cgus) CleSs Canss (alal o551 (g lol gy = Jgi
Table 5. Statistical analysis of the economic value of the sediment retention service in the area of the studied watersheds

(in Rials)
Eg0oxe givesy ‘;e\):f.:l ‘ oSke Range 4els ;;l» -J.:él» «lo'? e
Sum Standard Deviation Mean Maximum Minimum qum Name
9055459321.42 6310.96 2670.65 415111.69 415111.69 0 bbbl 2
Darmean-Asadabad
3472204106.71 6612.56 3067.30 402715.75 402715.75 0 Gazik S, 35
11842006098.15 9962.66 2634.26 546030.81 546030.81 0 Shahrekht c& ol
697431784.03 2482.95 520.55 217405.42 217405.42 0 Khava "%5 J3Ses
salt marsh
14405549598.49 7251.08 3003.04 795863.13 795863.13 0 Esfadan O\m\
3361260185.66 13894.49 3310.99 560763.63 560763.63 0 Zozen (4395
1663143388.26 7499.20 3665.08 398229.22 398229.22 0 Gysor jguuS
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i By i s SB CuabeSi s |y G e
oo o 67""’3 Ao s bl g 58,8 550l
Py SB céyyue i eSS (Zabihi et al., 2021)
Y gzl o 5l ajisulpj ol 4 Cus 2)9lé adg> 5
ol 5 Ko e e cdeas ol bl
S Slise nsier 135 ol Sl SB 5l ol
i gble ;o SB aYlo cibaS otumwsST Coss
2hl g ©ipgliS (ol ol Glise oS 9 b o515 L
Wlio] g juSle GlraY sl claojes > cadale
5 JlogS adlles  Wud cd S ] lhaaseS
Ol oyt (Kumar & Kushwaha, 2013) lalguseS
SR ol )3 (Jlo 3 )b )3 (5 YR sl b ¢ 5
olielly cde &5 wb %158 Pathri Rao jul s o 5
Uidg » SB sl iolssl o] Jliday ¢ e Sblg,
@l (omen 9355 ol ) Cnl 951505 b (LS
Slodd oy ying Sl Sas 51 as” wloold s pendid Slalllae
ohs) AL Sidg b Bble GliSa ) celuwgs]
O FeS 9 ey RS Syl (s (R slagyee
Sow )I .(Ureta et al., 2022) .,\*.«5(_540 Wml)ﬁ |) Cguw )y )lg
(o2 bl 3blie 03 9e) (LS Gibgr (g Bblie 50
w218 ) gy )l (i § Qg CulldaSS Cud b (o yieS
Gldg i il slapl)l bl C el

B alels s SB Ll cbagls L)

sl 9 J5e JuS Glp ghlep bl e
Gleats gilodie & ol adloe ol Slo bl
INVEST Gow) 1956 Comd Jdo 3l edlatnl b cotumnsS]
L 3y0 30 Gy CadldaSs g Mgl (S ) pun ol
Ciliseo gl 4y ol p gnly 8y s b bl
)l Lo s (ol g ST Lais (gl (o0 Sy
5 Sy Jolos Cosl pre (LS Jidgy bl g (2]
P SE e p g Jelos (n e S by,
Kumar & Kushwaha, ) siws SlwasS 150l (slasje
S by by gl ShkE ) xS (2013
AUl g aed e (il ) oLl ohld cop sy
»osdle S o (555 S s 013 s o] i
g 9 WS (o0 WS 1) Ol by FeSTte (LS ey
RSB sy Shy dee b gty g Sy Ay,
(Sun et al., 2014) xS o ) Cblyy ials o 1) oge
slagsa  SE Sl Glie 85 55 ol (V-o5) gl
On 3l dda b (S Gl b awlie > ctS pj
Al-) cosl puiy SB S il 5 (LS Gidy (58,
i 45 3 L sl adles b (Seikh, 2006
Ol 3 ome 9 05150 Ui 6008 5 gy CutloaSs e
@l @ 55 650 i o sl dilaie )3 (S5 &y
Asadollahi et al., ) -\ Kon 5 (gliwl .aiBl Cuos alie
S g b glease 5 &5 w08 ole (2014



WY

S 0,8l 5 oSt Slor aebld (s plobygr G yd

VEF /Y o los /pmd s Jlo a0l 0565 o e 4ol g

g 3lass s 3 1) adl ioled Slgw ceSeyis
i) ol S bis 5,518 4 wles (65 gl> o] 8, )0
Slallas 53 sdalcwndas polie dax 51 .0g Juy Yoo Jolee
Cansdy Gilien gla o 5 oSbsS b ) & wikie
Sab bl it oS5 ibaie & g0y b b clods]
2900 9 dplone &S oblo 5wt oolal 35)) Sl
Lgd o bl gud ¢ poj o B AS oolaiwl yaie I wgui
b laye gl i)l den ol (Sen o5 Cllly a5 1L
$HBlg TNer Sygods 0d (gl be pawwgS] Sloss
el @licess Uiy (25 G il eats oyl
9 Comd ol ()85 célay b o> (o g 00
el (2 o 30 )18 adllas 350 1) Sl (ooles
d9500 el ol slocudgiome (B g Jie 5 00 Ly
D9 @Bly Jodre dilate )3 pre plugwsS| Slasd (S &S
S CulhaSS coss (b))l pol> Gimggy 53 (Jle sk
il (Jg sl a3 ,5 8 Limg5 3)90 ol ol B 5 (550
el w3y 9 ol 25 9 S adais )3 (agi> GlulS
Flie 3 sl opl Bede o aled cage 1S
NS byl i el sl YT (gl (ool Lyt
393y |y (Sl s polie Ol 5L S cshaSs s
&S Bddime CypasaSte Sy i owidned Cul 03l jolais]
Grap polic o SluS 5 oS it S5 liE Slge b
Wilo b Sy plo a8 cipd oo Cguome S )3 29290
o sy S o O 5 b o Sz L
oy 9 S 53 390 0455 Clagage (S 9 (o5 Slul g I
WSB! Ogawoé.‘ 2 &S L ge S o3l 40 b
Ghasemi ) wls cuwstr gy o J1 3555 s 3
ol 9 oSl SeSw iy cpl 4 (Arian, 2014
S plio ookl (oIS b5l 45 53,8 gty (¥+YY)
2 g e oxiny JSis (Lol QU5 (o plgiea
bal 5] Cole g praswsS] Clods Co e B
i SB b)) Sl i leas 358 )5 5 s JS
il Olgis coS Mg il pE 42 g pedies
Sekoti-Eskoi & Besharati, ) ¢ duolxo S golaidl
(2022

5 g5 S
Sy poiimns (g oM WL &S Canl S34 p5Y el o
Slesd cusS o bl e 4518 3 glcuna
Caol (55538 A b daldl o )Ko (5,105 135,] 9 piwansST]
gl Jdos 9 4jo5 9 (b))l scusgioe I o3l o8
1l g ooy b (b @lie Bl 3 b (b
daol> & o gdiodgmw 5l mws dleld b Wlg o g A
b 01).0@ Dlodds odud S e Ub(j el o« cL;BL..Jl
2ol A ) plgice |y b gbe G5 IS gk
2y Sl oy lp g lasild s sl Sl
S S5 55 Sloi) (Saigss) staSlas & aoels
slagy 2 Ll 025 dlwgy g 0ad 53 3)lse
e o3l Gginghy sy 1) (Sop dpgles Aok
Lb L% 5 b jelsST )bl dlaidl 4l 3 &8 WS o

Dby sl SutS slb pummssS] 5 a3 clogy
Plateau )> (e (Sjglss] (i Sb diwgy (Sjslon
oilitl g S islwyd S ;53339 Jl 4o e Loess
inlep Gials LYs 5l S Yl g sl olie mlie
S3sST05gn sl il (B 5 las bl o S
03,5 olo dalllas oyl )3 picren (Sun et al., 2014) >4
AL b Job (Lol polie b (Suid 5 slag sble o5
Aoy (5315 25 5 233 e p s B S5 5
930 LB @i g (Sl g8 9 SB b I o
(Sunetal.,2014) 658 o o], SB ) u ¢b bla

Loy BN Blgs 53K suiul ases )3 cad pwSile
S 9 29wy Mg Gline (n oS Adg> (nl g dal Cawdey
i uais[m 2l olis bases plo o Iy s ‘_’)l)’.:.n
b & S gy W95 Ol Gyl b kel asgs
DB ases I w ade pl g 39 do)d VY asy
2 Uisleyd &5 0b golad] dgsa 1y cud olie oYL
2l Gl b Sl 35 I s s lolie
5 3L cud uSle (Assouline & Ben-Hur, 2006)
3 o038 350005 13 b & S (YL s ol
ool ) ple & Coms SB Cd)0m (39 Ay JY>
(Zabihi et al., 2021) a5 5,155 ;YU j50] 0je> 52

INVEST Gy cushsaSs Joo bawg nisas a0,
cloanl s aa Juo opl g cpl b el oas (ojlwosle
9 s dasr ged plyiedr 28 o 3 2 1) (9w,
2y i 5 |y Cendias sl b slo)lS il b
SRS gl Ggml i Cop (3 pglcundey cpl g ogMe
o il Jde Como a8 295 oo 0l K> Slalllas 4
sol8 osnl @lpss (Han ef al., 2020) cuiliS aalgs
(D924 hapmgS| Slodd p l8l g (peojyw GRS/ (L5
ol Lo )35 o 23U (355 Sle (polie 4 diy Sglite
2 el g 23l )8 s 180 Cod beglis anslie
2ol adles gl et 350 plumsS] Sless
el )9S (5 5y slmojo

Dol L pols imgh 50 (eolaidl (6188 55l s
43_) DS g2 )0 Cgwy CldaSs Cuodd i) ke &S
ol e 45 555 Jb) YFVEA ko (g po 520 A+ Conlns
4 & 18 duwbre JU, Yo XFAUVY Dol S o )
U4yl & (Hanare Khaliani, 2015) LS jla adles
2 by YOAMY Jolee 1y Slguy Jyu8 255 caVle
5 ol bl (puizmen (Cuwl K35 ge 3yglp S
oijyl & Wy L (Ghasemi et al., 2014) S
oul Sk L;)oyb bas 55 1 Jobs xélo
ab Jlo clp S o)) Claisl b alS Gidg il
s oobal 550 cepl o o g JUy oLk 1AF AYAY
Job > 3,558 cul el 55530 addaie )3 @ pe LS
aalllao D JL) YEVYEY/0 ‘035)9: L5‘)>| )I o LSLEJL»
5l ko ya &S ol Lt 55 (Ebrahimi, 2013) sl
N8 dgas dg B LS dw juso] ases > ol



L;"KA)‘ oyl 9 S @lp abls (S yud g Olﬁl)? oy b

YD o oolasdl ()5 55, g INVEST-SDR Jao 3l enliasl b Cogusy bl atummwsS] Conss (o8 b))

b oS Canl (potomssS] Closs Al gl 0,500y b s olgiee 45 el o o o S S on b Ko by

Cangj bawe cblis S o)l 55 din oKl opolie ald 1y diodguw MolS (sl i i sz
ol daxio V¥ o[V /VVEYY o)loss & ogin Gl s il . . .
ULA)L» u\!?i‘“"‘" 9 N>y oKy )I ¢4.l.,,~u9 u.:l L Cawl ‘f'b)” 9

D se 1335 dilogars Cons ) Lapme cllis 29k T Pl 5 po Slopl Sl @y5e e !
ol gl 4l glie (oolal IS 3550 plgie b o

References

Al-Seikh, S.H. (2006). The Effect of Different Water Harvesting Techniques on Runoff, Sedimentation,
and Soil Characteristics. University College.

Asadolahi, Z., Salmanmahiny, A., & Mirkarimi, H. (2015). Modeling the Supply of Sediment Retention
Ecosystem Service (Case study: Eastern Part of Gorgan-Rud Watershed, Environmental Erosion
Research, 5(3), 61-75. [In Persian]

Assouline, S., & Ben-Hur, M. (2006). Effects of rainfall intensity and slope gradient on the dynamics of
interrill erosion during soil surface sealing. Catena, 66(3), 211-220.
https://doi.org/10.1016/j.catena.2006.02.005

Barzali, M., Azimi, M., Abdul Hosseini, M., & Lotfi, A. (2022). Evaluation of rangeland ecosystem
services from the perspective of sediment retention potential using InVEST software package (case
study of Etrak watershed - Golestan province). Pasture and Desert Research of Iran, 29(1), 133-144.
doi: 10.22092/ijrdr.2022.126019. [In Persian]

Behjou, F. K., Hashemian, A., Panahi, M., & Hassanzadeh, E. (2016). Economic Valuation of Soil Nutrients
in Shimbars Forest Protected Area Using Replacement Cost. Environmental Sciences, 14(1), 137-146.
[In Persian]

Brazdo, C., Villela, R., Fernandes, N. F., & Cassara, L. (2022). Analysis of sediment production through
InVEst and Aries modeling in the Brazilian Cerrado (No. 1CG2022-623). Copernicus Meetings.
https://doi.org/10.5194/icg2022-623

Carpenter, R., Dixon, J., Fallon Skora, L., & Sherman, P. (2005). Economic analysis of environmental
consequences. Translators: Pourasghar Sangachin, F., Saleh, A. Country Management and Planning
Organization, Vice-Chancellor of Administrative, Financial and Human Resources Affairs, Center for
Scientific Documents. 324 pp. [In Persian]

Chahouki, Z., & Sanaei, A. (2018). Analysis of Natural Ecosystems Functional Value. Strategic Research
Journal of Agricultural Sciences and Natural Resources, 3(1), 1-12.
doi:10.22047/SRJASNR.2018.110629 [in persian]

Debie, E., & Awoke, Z. (2023). Assessment of the effects of land use/cover changes on soil loss and
sediment export in the Tul Watershed, Northwest Ethiopia using the RUSLE and InVEST models,
International Journal of River Basin Management, 1-16.
https://doi.org/10.1080/15715124.2023.2187399

Degife, A., Worku, H., & Gizaw, S. (2021). Environmental implications of soil erosion and sediment yield
in Lake Hawassa watershed, south-central Ethiopia. Environmental Systems Research, 10, 1-24.
https://doi.org/10.1186/s40068-021-00232-6

Eyvazi, M., Alaei, N., & Mostafazadeh, R. (2022). Temporal changes in runoff and sediment of rivers in
Sabalan mountain. Journal of Watershed Management Research, 13(26), 43-57. doi:
10.52547/jwmr.13.26.43. [In Persian]

Fitriyana, E. N., Supratman, O., & Mardiani, M. (2020, April). Sediment control analysis due to erosion
and sediment in Cipunagara watershed, Indonesia, using SWAT model. In /OP Conference Series:
Materials Science and Engineering (Vol. 830, No. 2, p. 022029). IOP Publishing.

Gashaw, T., Bantider, A., Zeleke, G., Alamirew, T., Jemberu, W., Worqlul, A. W., ... & Addisu, S. (2021).
Evaluating InVEST model for estimating soil loss and sediment export in data scarce regions of the
Abbay (Upper Blue Nile) Basin: Implications for land managers. Environmental Challenges, 5, 100381.
https://doi.org/10.1016/j.envc.2021.100381

Gashaw, T., Bantider, A., Zeleke, G., Alamirew, T., Jemberu, W., Worqlul, A. W., ... & Addisu, S. (2021).
Evaluating InVEST model for estimating soil loss and sediment export in data scarce regions of the
Abbay (Upper Blue Nile) Basin: Implications for land managers. Environmental Challenges, 5, 100381.
https://doi.org/10.1016/j.envc.2021.100381

Ghasemi Arian, Y., Azarnivand, H., & Kayanirad, A. (2015). Economic evaluation of the function of
maintaining soil fertility in restored pasture ecosystems of dry areas (case study: South Khorasan
international carbon sequestration project). Pasture and Watershed journals (Natural Resources of Iran,
69(4), 1031-1042. doi: 10.22059/jrwm.2017.61095. [In Persian]

Hamel, P., Chaplin-Kramer, R., Sim, S., Mueller, C. (2015). A new approach to modeling the sediment
retention service (InVEST 3.0): Case study of the Cape Fear catchment, North Carolina, USA. Science
of the Total Environment, 524-525, 166-177. https://doi.org/10.1016/j.scitotenv.2015.04.027


https://doi.org/10.22047/srjasnr.2018.110629

S ol 5 uSs Sl 40kl (s ym3e5 Glolys> Gy

\Ys VEF /Y o los /pmd s Jlo a0l 0565 o e 4ol g

Han, H., Yang, J., Ma, G., Liu, Y., Zhang, L., Chen, S., & Ma, S. (2020). Effects of land-use and climate
change on sediment and nutrient retention in Guizhou, China. Ecosystem Health and Sustainability,
6(1), 1-13. https://doi.org/10.1080/20964129.2020.1810592

Henareh Khalyani, J. (2017). Spatial valuation of Zagros forests ecosystem services and estimating of
changes through Scenario Planning. PhD Dissertation. Faculty of Natural Resources, Department of
Forestry and Forest Economics, University of Tehran.
https://ganj.irandoc.ac.ir/#/articles/9d086fbe1a405¢cb7d2e¢37d5405db0383 [In Persian]

Jafari, M., Ekhtesasi, M. R., & Fatahi Ardakani, A. (2020). Economic prioritization of watershed
management projects based on the impact on water, soil and plant resources. Journal of Watershed
Management Research, 11(22), 132-141. doi: 10.52547/jwmr.11.22.132. [In Persian]

King, D.A., & Sinden, J.A. (1988). Influence of Soil Conservation on Farm Land Values. Land Economics,
64(3), 242-255. https://doi.org/10.2307/3146248.

Kumar, S., & Kushwaha, S. P. S. (2013). Modelling soil erosion risk based on RUSLE-3D using GIS in a
Shivalik ~ sub-watershed.  Journal  of  Earth  System  Science, 122, 389-398.
https://doi.org/10.1007/s12040-013-0276-0.

Mani, F., & Hannachi, C. (2019). An analysis of sediment production and control in Rmel river basin using
InVEST Sediment Retention model. Journal of New Sciences, 66(4), 4170-4181.

Ninan, K. N., & Kontoleon, A. (2016). Valuing forest ecosystem services and disservices—Case study of a
protected area in India. Ecosystem Services, 20, 1-14. https://doi.org/10.1016/j.ecoser.2016.05.001
Sadat, M., Salehi, A., & Amiri, M.J. (2022). Quantitative modeling of temporal-spatial changes of soil
maintenance and erosion potential and sediment production (the studied area of Lahijan-Chabaksar and
Astana Kochsefahan watersheds). Environment, 48(4), 577-596.

https://doi.org/10.22059/jes.2023.348202.1008357 [In Persian]

Sadeghi, S. H., & Tavangar, S. (2015). Development of stational models for estimation of rainfall erosivity
factor in different timescales. Natural Hazards, 77(1), 429-443. https://doi.org/10.1007/s11069-015-
1608-y

Sanchez-Canales, M., Lopez-Benito, A., Acuiia, V., Ziv, G., Hamel, P., Chaplin-Kramer, R., & Elorza, F.
J. (2015). Sensitivity analysis of a sediment dynamics model applied in a Mediterranean river basin:
Global change and management implications. Science of the Total Environment, 502(1), 602-610.
https://doi.org/10.1016/j.scitotenv.2014.09.074

Sekoti Eskoi, R. & Basharti, H. (2022). An overview of the economic valuation of soil. Land Management,
10(1), 1-16. doi: 10.22092/Imj.2019.123225.149. [In Persian]

Sun, W., Shao, Q., Liu, J., & Zhai, J.(2014). Assessing the effects of land use and topography on soil erosion
on the Loess Plateau in China. Catena, 121(1), 151-163. https://doi.org/10.1016/j.catena.2014.05.009

Thapa, P. (2020). Spatial estimation of soil erosion using RUSLE modeling: a case study of Dolakha district,
Nepal. Environmental Systems Research, 9(1), 1-10. https://doi.org/10.1186/s40068-020-00177-2

Ureta, J. C., Trespalacio, G. M., Anastacio, N. J. C., Sapugay, A. F., & Ureta, J. U. (2022). Estimating
Sediment Export and Retention Capacity of Existing Land Cover in Balanac and Sta. Cruz Watersheds,
Philippines Using InNVEST-SDR Model. Philippine Journal of Science, 151(5), 1963-1978

Vigiak, O., Borselli, L., Newham, L.T.H., Mcinnes, J., & Roberts, A.M. (2012). Comparison of conceptual
landscape metrics to define hillslope-scale sediment delivery ratio. Geomorphology 138(1), 74-88.
https://doi.org/10.1016/j.geomorph.2011.08.026

Zabihi, M., Moradi, H., Khalidi-Darvishan, A., & Gholam Alifard, M. (2021). Application of InVEST eco-
services model in prioritizing Talar subwatersheds in terms of soil loss, retention and sediment
production. Environment and Water Engineering, 7(2),293-303. doi:10.22034/jewe.2020.257980.1470.
[In Persian]

Zhou, Q., Chen, L., Singh, V. P., Zhou, J., Chen, X., & Xiong, L. (2019). Rainfall-runoff simulation in
karst dominated areas based on a coupled conceptual hydrological model. Journal of Hydrology. 573,
524-533. https://doi.org/10.1016/j.jhydrol.2019.03.099



