Journal of Water and Soil
Vol. 33, No. 6, Jan-Feb. 2020, p. 845-856

&%"Au}:; ;,

(55791 @ilio 3 pale) S g O @ i
AFO-ADF .o AFAN Wil — cyate F 0 lacds FY s

o 55 595 5 Liove slaesls 3 RUSLE Juwe 5 eslitel b S 2ale 3 Ol 5,40

Ola g8 dw sl

“54;.,;;5; L_J.; 0w —e;:"‘_;sw J& oo
YRRV A/ 3L 53 b

VWA /5oy e

daS

S5 il e Dol S il 06 St 38, (a5 s (530 e 30 Ko S sl

193 3 o slaodldy b ol oo Siolew jloel vty (claodly 586 imgh cpl plol | Gam bl o RUSLE Jao 4 pgusge o (¢,5550
Ahl B  Saslop Jole jlade g liwd S bl 3 5LiglE s 550 859> 1> RUSLE e 5l eolisal b S il b ose 35905 o>
3y9l s Jgere Ky ,S 5l ookl b )] SlKe @l pods L b dusoliee adge SBlybol 13 ol V)3 dllo VY Slale o)L (claosls I oalisul b
J_ALC J._AT Cwds o 4_4‘; )9 )l OAM dub.)l.) 9 uJI)D:_.o uM;l_.o.u )l osliiwl L} JP &S (SBdss )l Sk LS)JJJQMJ[M’)S ua}lm W)
3 33900 590 ) tormies sloodls Sl 3 bl (LS g Jole gl yie Yo (e SiSi5 8 L el os8) S0 5] ISy
o] sy gl b 4385 155 13 ) by yubiyes 5 S5 cblis Lsle o il 52 b S bl e adllas 3,90 g 3 45 ylov]
Slalle (il e ades gblo jl e ;o Jlowul bl i 13 5 YYD adges opl 10 SB S Lisle )8 jlade lawgie a8 sl lis

slacwud ;3oL slacus )sl"md.\s),funﬁ)s Iy ades jl dopd ¥ agds 3 obj s (ilud b sy .l S iSa j5 o5 +/AY
ol abg opl 3 SB ol s ond 308 S Jele o jiete o G yd sl Covds ol el 5 Slodds gdly Adgs o) g

RUSLE Jao «SB (il b )93 5l Liomins (oldgl5 duw jusul dogs 15l sWoojlg

JLs il b sl 0398 el Caibgo L3> yusl pao 33 I Jse ol 50,18
$3Lj sbacsdgyg shb Ladis ool (L3S comle > 4
St sLasbiin ) Yoan Legl (59,5 ol 6 48 aiil
s el 1S
RIUC P SUS S IWIIE P S SN IR 3
pywge S lalod Sl ddlae 3> (g5l 5 (5l48)9 (tolw)d
V50 o 55 Cosousl g plonting lawgs a5 Tl o USLE Juo &
P S Gl 555 gly Jol 3 USLE Jue (A) a5 1))
Yo dgd 5l s Jdo ol 00,8 Sl oS cad L L (g5l sl
Y8 ) Slisdios oKl 5 50 ol Gisboyd 590 55 adlllas Lo
Ly 2y g ol 5 aldlie Cilises bl L 1S ol cilises
(YY) sl oacel Coty 1,505 (sla oy p gl 3,5 ,as 5o
=) (MUSLE) 513 Mol 5 (RUSLE) o0 6,555 (sladsens
Slodds ookl S Livlw oz Cga (90b) Slalllas > Jae
dolss o] )3 48 cd USLE Jue 48l dawss RUSLE Jua
Doleo K5 Jao ol (YA 5 V) WIaBl gugs Lisles b 808 S

3- Universal Soil Loss Equation
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Figure 1- Location map of the study area
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Figure 2- Land use/Land cover (LULC) map of the study area (16)
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Table 1- Summary of different equations developed for calculating rainfall erosivity factor

jloud dsles (/5) oms g3 O3 Jono
No. Equation Author(s) IOrlgl_naI
ocation
12 2 Wischmeier and Smith (28) as
1 R= 21.735><10(l'5|°g“’(Pi /P)-008189 cited in Ganasri and Ramesh USA
1 (8)
2 R =0.562P —8.12 Hurni (10) Ethiopia
_ Ram et al. (21), as cited in Jain | Jharkhand,
3 R=81.5+0.375P 340< P <3500 and Das (12) India
0.07397MFI % MFI <55mm
4 R= Renard and Freimund (23) V\(I)?LCSO:St
95.77 —6.081IMFI +0.4770MFI*  MFI >55mm
12
A Zhou et al. (29) as cited in Li Southern
5 R= ; 1.15527 +1.792P o ) e
6 R =-823.8+5.213P Fernandez et al. (7) USA
7 R = 0.1215MF| %242 Irvem et al. (11) Turkey
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Table 2- Annual average rainfall and rainfall erosivity factor calculated using equations given in table (1) for different

stations

RETW p R

o (mm) (MJ mm hat hly?)

Station Eq.1 Eq.2 Eq.3 EQq.4 EQ.5 EQ.6 Eg.7 CV (%)
2902 3090 154 166 197 655 540 787 508 55
Ghorveh

el

501.9 289 274 270 1748 886 1793 1439 68

Kamyaran

258 4002 224 217 232 1160 703 1262 932 63
Kangavar

5l 4606 284 251 254 1505 811 1577 1306 66
Kermanshah

235 4395 268 239 246 1434 774 1467 1166 65
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¥ 4623 268 252 255 1520 815 1586 1240 66
Sanandaj

- 3515 185 189 213 859 616 1008 678 59
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Figure 3- Maps of annual average rainfall and rainfall erosivity factor of the study area
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Table 3- Descriptive statistics of selected parameters

ol RS G ok dile slre Sl il N Sads
Parameter Minimum Maximum Mean Median Standard deviation Skewness Kurtosis
P (mm) 333 468 389 383 41 0.32 1.69
R (MJ mm hal h'ty?) 564 1311 862 817 224.9 0.39 1.74
K (t h MJ* mm™) 0.02 0.04 0.03 0.03 0.01 -0.02 191
H (m) 1456 3230 1938 1921 209 0.77 450
Sq (%) 0 210 20 15 16 1.27 4.71
LS 0.03 15.89 0.22 0.10 0.41 7.52 102.24
C 0.00 1.00 0.39 0.40 0.22 0.04 2.23
A(thatly?) 0 461.97 2.35 0.92 5.16 10.73 242.26
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Figure 4- soil and soil erodibility map (K) of the study area
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Table 4- Taxonomic classification and respective K factor of the watershed soils

iy . e :
A S g 2 50l gahed, K (%) ol
.Jl&_ Dominant series name Taxonomic classification (thMI*mm?)  Area (%)
Soil units

1 Lanjab Clay Skeletal, Mixed, Mesic, Typic Xerorthents 0.034 8.2

2 Heydarabad Fine Silty, Mixed, Mesic, Typic Haploxerepts 0.045 124

3 Agaholia Loamy Skeletal, Mixed, Mesic, Typic Calcixerepts 0.033 13.8

4 Meyvaleh Fine, Mixed, Mesic, Typic Calcixerepts 0.034 8.9

5 Sarkhom Very Fine, Mixed, Mesic, Typic Calcixerepts 0.024 174

6 Gerdekaneholia Fine, Mixed, Mesic, Typic Haploxerolls 0.025 8.2

7 Kallepa Clay Skeletal, Mixed, Mesic, Typic Calcixerepts 0.037 22.2

8 Hosainabaddehbaneh Fine, Mixed, Mesic, Typic Calcixerolls 0.020 8.9
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Figure 5- Maps of elevation (H), slope (Sg), flow accumulation (Qa) and topographic factor (LS) of the study area
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Figure 6- Maps of normalized difference vegetation index (NDVI) and annual crop cover management factor (C) of the study
area
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Figure 7- map of mean annual soil erosion of the study area
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Table 5- Mean of some selected parameters in different erosion classes
sl yd odlS u*‘-llw)ﬁ Qald A H S M? J5 o colus (2) kg).g-,lf oS 2 )a*c«o.lm.o
Erosion class Erosion range thatyd (m) (%) Area in the Watershed Areain each LULC" (%)
(thaly? (%) 1 2 3 4 5 6 7
wa 0-1 0.43 1918 142 204 52.5 67 1 2 8 19 1 2
buwgie
Moderat 1-4 2.03 1958 252 212 33.2 41 1 1 16 35 1 4
oderate
HJ_LJh 4-10 6.10 1982 31.6 220 10.3 32 1 1 21 39 1 5
g
Vti'})/ﬁ;h > 10 20.13 1982 322 226 4.1 30 1 1 23 39 1 5

Al o 03l g SeSame blie (sladsle @lye ¢ sliny @ilpe b 3L b S «s3ysliS (slas )8 ;oly cusyi 4 Y B Y olacl
* Numbers 1 to 8 are correspond to agriculture, buffer forests, orchard, range brush, range grasses, urban areas and roads LULC,
respectively.
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Introduction: Soil erosion is a serious environmental threat leading to loss of nutrient from surface soil,
increased runoff, lake and reservoir sedimentation, and water pollution. Thus, estimation of soil loss and
identification of critical area for implementation of best management practice is central to success of soil
conservation programs. Soil erosion modeling is an efficient method to simulate soil erosion, to identify
sediment source areas, and to evaluate soil conservation measures. One of the most widely applied empirical
models for assessing the sheet and rill erosion is the Universal Soil Loss Equation (USLE). Originally, USLE
was developed mainly for soil erosion estimation in croplands or gently sloping topography. The RUSLE is an
extension of the original USLE with improvements in determining the factors controlling erosion. It is an
empirical model commonly used to estimate soil loss potential by water from hillslopes across large areas of
land. RUSLE is a linear equation that estimates the annual soil loss as the product of environmental factors
include rainfall, soil erodibility, slope length, slope steepness, cover management and conservation practices as
inputs. To implement RUSLE over large areas, detailed sets of spatially explicit data are needed for
precipitation, soil type, topographic slope, land cover and land use type. Conventionally, the collection of all
these data from field studies is time-consuming and expensive. The integration of field data and data provided by
remote sensing technologies through the use of geographic information systems (GIS) offers potential to
estimate spatially input data for RUSLE over large and relatively sparsely sampled areas. Keeping in view of the
above aspects, the objectives of the present study were 1) to integrate the field data and data provided by Landsat
Enhanced Thematic Mapper (ETM) imagery with RUSLE through the use of GIS to estimate spatial distribution
of soil erosion at Gawshan dam basin in west of Iran and 2) to delineate soil erosion probability zones by
reclassifying of the prepared soil erosion map.

Materials and Methods: The annual rainfall erosivity factor (R) was determined from monthly rainfall data
of 11 years (2005-2015) for 7 rain gauge stations in the the study area. Spatial distribution of R was estimated
using ordinary kriging method of interpolation. The soil erodibility factor (K) was estimated on the basis of soil
map prepared from land survey and Landsat ETM remote sensing data. The physical and chemical parameters
required to calculate K were measured in the different soil units, and its spatial distribution was coincident with
the soil unit boundaries. The topographic factor (LS) was derived from digital elevation model (DEM) of 30 m
resolution. The annual crop management factor (C) was calculated from normalized difference vegetation index
(NDVI) derived from Landsat ETM imagery for different seasons. Since there is a lack of field data regarding
the conservation practices that have been taken place in the study area, the conservation support practice factor
(P) value was taken as 1. Finally, average annual soil loss was estimated as the product of the mentioned factors,
and categorized into four classes viz., low, moderate, high and very high erosion.

Results and Discussion: The estimated R, K, LS and C range from 564 to 1311 MJ mm ha* h* y, 0.02 to
0.04 t h MJ** mm, 0 to 2436 and O to 1, respectively. The results indicate the estimated mean annual potential
soil loss of about 2.35 t ha, however in the 50% of the basin area annual soil loss is lower than 0.92 t ha™.
Based on categorized soil erosion map about nearly 52.5% of the basin area produces low erosion of 0.43 t ha™!
annually, whereas very high probability zone covers about 4% of the basin area, located dominantly in the
southwestern part of the basin. Our results showed that slope steepness factor is the most important factor that
controls soil erosion rate in the basin.

Conclusion: This study demonstrates the integration of field data and Landsat ETM imagery data with
RUSLE through the use of GIS to estimate spatial distribution of soil erosion in Gawshan dam basin. The results
of this study can be helpful for identifying critical areas for implementation of conservation practice and provide
options to policy makers for prioritization of different regions of the basin for treatment.

Keywords: Gawshan dam basin, Remote sensing, RUSLE, Soil erosion
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