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Extended Abstract

Introduction

Soil retention as an ecosystem service refers to the ability of an ecosystem to maintain soil and prevent erosion.
This service is crucial as soil plays a vital role in providing essential goods for humans and other organisms, as
well as a range of ecosystem services. Effective soil and water conservation management practices, particularly in
enhancing vegetation cover for soil stabilization, are key. Therefore, safeguarding soil function against natural and
human-induced threats is a critical regulatory function of ecosystems. In arid and semi-arid regions of Iran,
ongoing degradation and significant changes in climate have impacted land cover, especially rangelands, thereby
affecting water conservation and ecosystem services. The Food and Agriculture Organization of the United Nations
highlights that sustainable soil management can help prevent land degradation. By implementing measures such
as conservation agriculture, reducing soil erosion, and enhancing water management, the risk of land degradation
can be significantly reduced. Soil erosion and the consequent depletion of soil resources pose serious ecological
and environmental challenges globally, hindering sustainable human development. The InVEST sediment delivery
ratio model, built on the RUSLE erosion model, is a valuable tool for evaluating soil erosion, sediment export, and
soil conservation across various spatial and temporal scales, widely used on an international scale.

Materials and Methods

Sarakhs Township, covering an area of approximately 5,471 square kilometers, is a small part of the vast Qaraqom
Basin. Due to its proximity to the Qaraqom desert, this region has the potential for desert development based on
its natural conditions. The cold and dry climate, low rainfall, minimal land use changes, and soil erosion have led
to critical conditions for land degradation in the area. In this study, soil retention and erosion were quantified using
the Sediment Retention model in the InVEST software. The necessary inputs for the model, including digital
elevation model maps, land use data, rainfall erosivity, soil erodibility, and a biophysical table in raster format,
were prepared in the ArcGIS 10.8 environment and entered into the model. The DEM map of the study area was
downloaded from Iran's weather and climatology website and extracted in ArcGIS version 10.8. The R factor was
calculated using equation (5) based on index stations, and the R index was interpolated for the entire study area
using the IDW method to create a rain erosion spatial layer in GIS. Data on the percentage of sand, silt, and clay
were obtained from global soil information, converted to percentages, and used to calculate the soil erodibility
index in the Raster calculator tool of the GIS environment. The NDVI index was calculated from Landsat satellite
images in the Google Earth Engine platform. The P coefficient was determined using the slope-based Wenner
method. A CSV table with integer codes for each land use class in the land use map was required to run the model.

Results and Discussion

The findings indicated a wide range of soil retention levels, ranging from 0.47 to 0.53 tons per pixel per year,
across different land uses. Pasture lands exhibited the highest soil retention rate at 5.98 tons per hectare per year,
while residential areas had the lowest rate at 0.08 tons per pixel per year. The southwest region of the study area
demonstrated the highest sediment retention capacity, likely due to the superior condition and quality of pastures
in that area compared to other regions in the basin. Conversely, the central and eastern areas experienced increased
erosion rates due to frequent land use changes and reduced vegetation cover. Developing a model to assess the
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ecosystem service of soil retention is crucial for effective ecosystem management. By utilizing spatial modeling,
land managers can strategically plan to reduce sediment load at the watershed level by identifying conservation-
worthy areas with high sediment retention capacity and optimizing land use practices.

Conclusion

To sum up, soil erosion and sediment production are significant issues in developing countries, leading to the
destruction of agricultural lands, dam reservoir filling, and water pollution. This study highlights the importance
of rangeland cover in soil conservation, with areas of low vegetation cover experiencing higher rates of erosion.
The decline in sediment conservation in rangeland lands is attributed to reduced vegetation cover, caused by factors
such as population growth, excessive livestock grazing, and prolonged land use. Land use change emerges as the
primary factor influencing erosion rates and sediment conservation values. Given Sarakhs Township's potential
for desertification and its cold, arid climate with minimal rainfall, future studies should also assess wind erosion
alongside water erosion.
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Figure 1. Geographical location of Sarakhs Watershed in Khorasan Razavi province, Iran
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Tablel. Climatic characteristics of study stations at Sarakhs Watershed over the 21-year statistical period (2000-2020)

Stations Station type Longitude  Latitude Station elevation (m) 5-year mean precipitation (mm)
Sarakhs Synoptic "10° 61 '32°36 235 187.14
Bazangan  Evaporometry 26 ° 60 "18° 36 1003 210.90
Polkhatoon  Evaporometry 06 ° 61 '58°35 401 198.10
Mozdooran  Evaporometry 32°60 ‘09 ° 36 913 152.00
Sarakhs Evaporometry ‘10° 61 '32°36 235 128.58
ot el 0395 (SWom) (613 AR ;S yolie -Y Jgun
Table 2. Erosion factor for the studied stations at the Sarakhs Watershed
Stati Year
tation 2000 2005 2010 2015 2020 21-year mean station (mm)
Bazangan 143.37 205.58 199.16 832.85 118.52 299.90
Mozdooran 75.68 123.04 78.23 377.93 47.76 140.53
Polkhatoon 157.29 205.58 171.69 671.74 124.57 266.17
Sarakhs 88.04 123.65 80.80 306.42 50.98 129.98
Sarakhs(Synoptic) 107.15 188.35 191.96 215.48 442.90 229.17

1 Digital Elevation Model, DEM
2 www.climatology.ir
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Figure 2. Rainfall erosivity map of the Sarakhs Watershed
0-25C P 18 - . 1L y <l
- ] i sl K 556 1K) S sl 5550
C+exp(3-72—2:95C) o 2l b il e t8 e S12 ol
x[l gb9)9éb)l{h~uykﬁw) 9 o >y l>k_.v).)u¢~u[m>

0-7SN
SN + exp(—5-51+22-9SN)

0a3ls € g8 5yl (sl +(C) poj Copde 558
Google oo ;3 5 cuwdd gloylsale plai ywlwl y NDVI
&)l Jgo,8 (bl y3 unw (¥ JS05) A duusloro earth engine
Cawl 01 3511 C Jole dLin et al. (2002) imgh 5> o
C = (71— NDVI)/2 (v)
b9y 3P g8t sl (gl o(P)blis liles g8
odlasiwl P o pud duwlxo (gl cuid 0 Sie Wener (1981)
Caol 13 O ygods gy opl 50 edlainl 550 dlal,y i
ol (Y0) 20)3 sy 9 e 423 S A Ay >
P=02+0.03xS (A)
YeVe BYeer slaJl (LULC) o)) Sidel sp)
ale JS o)l (o) (628 slvaid Y cnl (sl ooV
Vb eee obdie 3 698 Glulp Gl (5bjl 5 b
(8iylS oyl Jols a5 ol g8 Aid . edlal
ke (cloag g by (ool ¢SS Gblio ¢ o Zokaus 0
A5le (63955 (slodls (gl &S ol rusgr 4y oY (B SS) sl
i @lie J1 &5 SB o pdipialod g (o) )l sbais
ool el oais 1)) (acss (gllas Mio) cdd obj)l clons

Lol gy sacodgise jl 550

£ ikl jedls pl Awsbre (glp 205 0 )48 edlatul )40
S byl ;I (Sharply and Williams,1990) s oslitul
2 ORSEE syl 1 (S plyea SBgpdiiale)d
doly 10 SB Ol bl ol didlaie S SB il b il
S i )3yl SoidssT wlie gi oS 035 S 5T s
Grdoileyd objl plpls (Makhdoom, 2002) 544 oo
(oo 230 Ao VY o383 )3 ol 4y by po i G 5 S
0358 35l (el 29 0 4B S i )3 sl 4l S (gl
JS5) ol 5L Gy g Clow (o o34 by ye (slaoslday K
il oolitnl b o jpuste cplay basyo slaodly (=Y 9 b-Y @-¥
a5 5l e g b Agd calio wlide 0 S Sl leMb]
P U LS 0ol H18 dbgyye daly 13 o )d Cjgods piY sy
ArcGIS10.8 Lo 0 SB opdyioleyg jasls coly

37V JS) 29 ans

K={0-2+0-3exp[—0

- 0256 S, (1
. s
B 1%0)]} "

( L>
X




YAo

36°3?0"N

36°UIO"N

36°300°N

36°00°N

36°3ll1‘0"N

36°q0"N

300N

crenesnnsens 31 03] U S CullagSS o jlwegr Cwnd b3
60°30'0"F 61°00"E 60°30'0": 61°00"E;
z £
s 24
LS &
23
=
Soil Sand Soil Silt
-' High: 65 _— -’ngh: 47
P— ; _:g Hg- —_— .
-LOW. 0 05 10 2 20 2 a :9\ = -‘Lo“' 0 0 5 10 2 0 40
60°300"E 61°00"E R FEE
60"39'0"[5 61 °0I'0"E 60° 39‘0"E 61 °0.'()"E
g =
Soil Clay Soil Erodibility (K)
High: 32 f b
gh .z High: 0.04
jd Low: 0 — "2 5| e Low: 002 K d
05 10 2 20 £ £ 5 10 2 0 40
60°30°0"E 61°0°0"E 60°30°0"E 61°0'0"E

(d) SB (5210 il 3 A5 o(0) S oy b yd 8 ((b) Claww oo yd B ofa) oy oy ulils —Y IS5
Figure 3. a) Soil Sand, b) Soil Silt, ¢) Soil Clay, and d) Seil Erodibility

36°00"N



YA0 B YVY Coloxio £+ € Jlow oF 0 )l <0 0,93 /ST g ol g pyato g (65l Iobo g ol /31y g (55l YA

0300 61°00'E WHOE ST 60°300°E
- z V.
2 R g% g
e @
C-Factor 2000 } ; B C-Factor 2005 C-Factor 2010 .
< | P High 0.69 b ,;:-j/ _ z| P High:072 7|, 2| P High 070 S |
2] H_ Low: 0.13 \\’)/ -% g‘ H_ Low: 0.13 V -§ g H Low: 0.09 7 §
60°300°E 61°00°E 60300 61°00°E 60°300°E 61°00"E
60°3l?"0“l3 6]"0;0"E W’BII.VO"IE 6I°().'O"IE
z 22, B z
2 £ 2 £
& g Z Legend
C-Factor
- High: 0.77
o HL v: 0.10
C-Factor 2015 § iy C-Factor 2020 o
g| M sigs o 5 |z | I s oss £ 051 2 3 4[;( "
24 1 Qs £ 2 | L2
3 H_ Low: 0.10 \\W/ s ® el zow-0.10 g
60°300°E 61°00°E 60°300°E, 61°00°
Ye¥o UYoor clJlo as bospe i g juduil 0395 C HoSl el - JSUi
Figure 4. Vegetation factor maps of Sarakhs watershed from 2000 to 2020
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Figure 5. Land use/land cover map of the Sarakhs Watershed from 2000 to 2020
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Table 3. Biophysical table used in the current study
Land use/Land cover LUcode USLE ¢ USLE p

Agriculture 1 0.40 0.28

Range 2 0.41 0.22

Bare land 3 0.43 0.25

Sand dune 4 0.43 0.29

Urban 5 1.00 0.48

Water body 6 1.00 0.25
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Table 4. Mean soil erosion potential of land use of the Sarakhs
Watershed from 2000 to 2020

Mean soil erosion potential

Cod USI;/"‘Ln:n . (ton/halyr)
e over 200 200, 0200 202
0 5 5 0
| Agriculu 002 002 002 002 002
re 4 5 7 3 |
2 Range 023 0.3 013 0.12 0.1
3 Bareland 006 004 004 004 004
4 Sand 0 002 002 002 002
dune
5 Urban  0.03  0.02 004 003 0.04
6 Water 16 008 023 023 0.4
body

10 Biophysical Table
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Figure 6. Soil erosion potential maps of the Sarakhs Watershed using the USLE model from 2000 to 2020
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Table S. Mean soil retention by land use of the Sarakhs Watershed from 2000 to 2020

Mean soil retention (ton/ha/yr)

Code Land use/Land cover 2000 2005 2010 2015 2020
1 Agriculture 0.041 0.044 0.050 0.045 0.040
2 Range 0.53 0.39 0.37 0.35 0.35
3 Bare land 0.11 0.09 0.09 0.09 0.08
4 Sand dune 0.04 0.04 0.03 0.04 0.04
5 Urban 0.007 0.007 0.01 0.01 0.01
6 Water body 0.16 0.08 0.16 0.16 0.11
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