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Figure 1. Location of the Bonekooh Watershed and Hablehroud River Basin.
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Characteristics / | > datus Gble sla S5 e Ol e =
Row
Pl 5 e e U Gas oS St cdoss T 1 i o el Yor 100 S50 50 o)
(\-\) Cod gls g)ju\.l ‘5-7; 1
Rangeland area, 150-300 (mm) Rainfall, up to 60% slope, shallow and semi-deep soil, no Rangeland exclusion
height restrictions.
3 e dad —Geee S e 0 5l Gl SOL oS5 S S 5 S dile b bl
o . G oS s )
W) ze Yler B Ve slis
- o Afforestation
Low forest density, up to 400(mm) Rainfall, deep and semi-deep soil, elevation 100-2600 (m).
FLEl 5 Goes dasd = Gras S loys 00 5 i o e Joe YOO 51y S0k (o 2L
(V) S sdoe O35 SIS asle 3
Cultivated area, up to 250(mm) Rainfall, up to 50% slope, deep and semi-deep soil, no Forage cultivation
height restrictions.
S e 0r (oo b et e 5 Gees SUE e e YOu 1t SWL wilesy, LIS o
V0 58 5 ad, gl anl T (658 e sgme 3l 2 YO 5o Ll 50 aby gl anl )l (658 0 s gme Gl LS ALS mlyr 4
(V.Y 4, Lasl ol (555 0 55 5l Riparian
Areas bordering river, up to 250(mm) Rainfall, deep and semi-deep soil.
OV Goes S opn Yo B)r Gl e e YOr 51 i SoL e ly ol Sl ;
Cultivated area, up to 250(mm) Rainfall, 10-30 /slope, deep soil. Terracing
(V) Gres oy S o pn Y BV 2o e YO 51ty SWoL sl 5l (39 ES J3) (& o s 1 ]
Cultivated area, up to 250(mm) Rainfall, 10-30% slope, semi-deep soil. Agroforestry
(V) Gaod o —Gaes S o3 00 LY o e e YOO 51 2y S65L o3 ol i Sl ;
Cultivated area, up to 250(mm) Rainfall, 30-50 /slope, deep and semi-deep soil. Orchard development
(1Y) b 520 B Gos oS S dioys A 3l 508 o jia oo YOO BT Sk im0 50 (Sde) Kz g
Rangeland area, 120 —250 (mm) Rainfall, down to 8% slope, shallow and semi-deep soil. Pitting
YY) Goos B Goos aogd SUH oy Yo 31 508 o m ea YO0 B Y00 Sk ¢ ool o o5l Gl i) 55l 28 9
Rangeland area, 250 — 350 (mm) Rainfall, down to 20% slope, deep and semi-deep soil. Contour furrow
AT Gras B Goos da S o380 B Y0 o e Lo YO Sl i SU5L ol L0 Sk "
Rangeland area, up to 250(mm) Rainfall, 25-45 /slope, deep and semi-deep soil. Seeding
(YY) Lo 2o B Gas oS S o s W B 80 (o b Yo 5l iy SUOL a5l 2 S5es .

Rangeland area, up to 300(mm) Rainfall, 45-60 /slope, shallow and semi-deep soil.

Pile seeding

Yo



DA (1) 05lond TT) s S6 g ol Cbilis clb iy iy s puid

S 1 Sk bl e atB (9) 8 S
S Sl b glutig s e DL S 455>
33k st (oS (Sl Ll db =y e
R T ) R TR e I
QN e sbishs 5 sby hwse oS
35 S ) dous VAR 5 /T AY/Es ATV
Oljes women . Llodls Loluamstl sy 4 1, ol
[ TS B VA B [PV S5 S WP 0 PSURg o
Ol il 33 Sl 3 L gble A 5,50 0
Sten olye opl oS e C 5 K LS ol e

s g 0L S Rle AL g5

650000

3850000

Legend Leis,
Runoff (cm) by, glis
Value

- High : 9.27
27 36

Kilometers Low: 1.12

045 9 18

3950000

650000

=

Glaos S aid 5 Sl 58 ks 4 ar L
soee ol als ke S S a
Sl AL B OA 51 o ol Ol e (A 4gs 48 5>
(h_.d.“) ¢ J.{,.:r L LY )\}J&dw A J)}Tﬁ d}a..,a
Pl Sle 5 ol e e Sl VY LAY
ol 3,50 e le WE as = V¥l oy,
St der 5 GV Sl ety b b o
05 Db S dydst LSS Sl 5 e 2 0

] (,Sb-
el Cewsas Jlo s LS s S YV/EA G /ey

650000

3950000

3950000

Legend Lsial,
S Gl b

Soil erosion

Value

] High 1 33.48

0459 18 27 36 i
Kilometers “ | ow :0.00053

650000

9 L-THIA Jus 5 eslaal L oodd .5)‘9],.\ (u) o o e s ‘J-’\') S _;-)_Laﬁ 9 (N (j»é‘;"a‘«v) <lly, C‘Jﬁ')‘ -£ JSJ’A

.RUSLE

Figure 4. Runoff (A) and soil erosion (B) simulated using the RUSLE and L-THIA models in the Bonekooh

Watershed.

Y d}v‘." B SJJLQLQA ] 43\)\ Y dj.,l;-
)'| g.;y)}g_.;u})vew-dlﬁ‘_}nb cbyid.a 4)47-3&4
Ghlas Sl 5 ot Ola e (Sl Hadoms s

Jol> @Lﬂ
Gy 3 e DUl Sles s i luand
)JMAE jRMSE d‘)ﬁ)T Ls o‘}g.'q. w? c‘a.ujb



OS2 9 s5g)l lwal

O I it sl sy 5 DUl e

'MbLfd

C3s okasglis &S wtees o S sl U
slie Lol sl Jolge ol (giluand 55 Jae (VL

J,a\j,o O G C)ljr,:}jj.im.é LSLAJALQ Solwans

RUSLE 5 L-THIA ladus 0,8 crund 6l w2 3590 ol sla ol yb =Y g
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Abstract

Background and Objectives: The loss of water and soil resources are the consequences of
unbalanced exploitation of production resources. Optimal land management leads to sustainable
exploitation of water and soil resources and hence reduces the depletion of these resources. The
aim of this research is to develop a list of vegetation-based management activities and to predict
the impacts of the activities on surface runoff characteristics and soil erosion in the Bonekooh
Watershed using a modeling exercise. The predictions can assist watershed planners and
managers to make appropriate decisions solving the problems in the watershed.

Materials and Methods: In this research, considering the type and extent of the environmental
problems in the Bonekooh Watershed (about 3300 km?®) and determining their relative
importance, 11 management activities including rangeland exclusion, afforestation, forage
cultivation, riparian restoration, terracing, agro-forestry, orchard development, pitting, contour
furrow, seeding, and pile seeding were chosen to solve the watershed problems. The mean
annual precipitation and air temperature of this river catchment are 318 mm and 7.8 °C,
respectively. The height of the highest point is 4053 meters above sea level. The L-THIA model
and the Global Soil Loss Equation (RUSLE) model within the framework of the GIS were used
to estimate the surface runoff characteristics (runoff, phosphorus and nitrate) and the amount of
soil erosion, respectively. The RUSLE factors include R, K, LS, C, and P, which are calculated
from rainfall data, regional soil maps, digital elevation models, and remote sensing techniques,
respectively. The values of P and C factors in the RUSLE were estimated according to the
standard tables provided in the relevant literature and based on expert judgment. Statistical
criteria of RMSE and MAE were used to evaluate the efficiency of the models for the current
status of the watershed. Subsequent to model evaluation, the models were used to predict the
possible impacts of various management activities on surface runoff characteristics and soil
erosion.

Results: Soil erosion map shows that the amount of soil erosion changes from an insignificant
value to 33.49 (tons per hectare per year) in the region. Also, 11.12 percent of the total area is
located in the high and very high erosion classes. Annual runoff varies from 1.12 to 9.27 cm
with an average of 6.74 cm. The analysis indicates that rangeland exclusion and pile seeding
management activities in the watershed will have the most impact considering all indices
(surface runoff, soil erosion, Phosphorus, Nitrate). But per unit of management activities, forage
cultivation, afforestation, and orchard development have the most impact on runoff depth index,
respectively. Additionally, considering both soil erosion and phosphorus indices, orchard
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development, afforestation, and forage cultivation activities will have the best performance,
respectively. In addition, in terms of nitrate index, orchard development, afforestation and
riparian activities will present maximum differences with the index value for the current status
of the watershed. Implementing of all management activities will result a decrease of runoff
depth by about 13.20% and a reduction of soil erosion by 8.30% in the watershed. The results of
model evaluation using RMSE and MAE tests show that the simulation of surface runoff and
sediment components has the least error, which indicates the high accuracy of the model in the
simulation; but the simulation of phosphorus and nitrate components have more error.

Conclusion: Given the topographic and morphologic conditions of the Bonekooh watershed,
and also natural and human-made erosion factors for the watershed, critical areas should be
considered in order to prevent the loss of soil and water resources. Because of existing water
and soil resources problems in the Bonekooh Watershed, it is required to implement appropriate
management activities to fix the problem. Due to the vast extent of areas being suitable for
implementing rangeland exclusion and pile seeding activities in the watershed, these activities
have the greatest impact on improvement of surface runoff characteristics and soil erosion. To
make an improved decision in choosing the best management activities, it is suggested to
consider other impacts arising from implementing the activities at the watershed scale from
economic, social and ecological point of views.

Keywords: Best Management Practices (BMP), L-THIA model, RUSLE model, The
Hablehroud River, Water and soil resources
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