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6- Flow Accumulation

7- Stream Power Index (SPI)
8- Surface Roughness

9- Total (Gross) Erosion

10- Total Sedimentation
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1- Fallout Radionuclides (FRNSs)
2- Net Erosion

3- Profile Curvature

4- Plan Curvature

5- General Curvature
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13- Universal Soil Loss Equation (USLE)
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11- Sediment Delivery Ratio (SDR)
12- Morgan and Morgan-Finney Models
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14- Digital Elevation Model (DEM)
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selected hillslopes (b) in the study sub-watershed.
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15- Bulk Sampling
16- Auger
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18- Diffusion and Migration Model
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Figure 3- Hillslopes selected in the study sub-watershed to investigate the relationship between
topographic metrics and sediment budget components.

9 Aily § Hiins slo it ilaie dla) 4Gy
5 et el g olalicd Ll oleo s sne (slaalal,

S 3yl sloalslas adl)l gl o puaiogs (s3Lg
(et S odldiul S @53l 9 Sl b
L oo, azog szl 51 S 2 2 ke sl Jule
&3lls o Broaiysen gloca, o jleolin
ad asol 4y azgi b Ll o s gancaglsl o esiags
T3zl 55 3 (3blg olas y3 o b Job Jole
2 gyl et osls a5 Cp) 4z

Al Bl (B) Lo sadygien

osls Jodoxy
3,19 ool ¢ JuuST l58l0 53 50 Wosls (g3l o 5l am
olaws aSiyl 45 a>g5 b g 0 SPSS l38le 5 VY ase s
090 Ve 5l oS ragh cnl 50 0o p sladials
Sy 9yl gel 5l ool b laosls 35 Jlmigy
009 e DSl g (o) 5l s s D (o
izl b satb s sloaziw lo Al daosls
ool 5l eolai ol Lazels wlide ;o Cg—w) dzog
or (V) e 5 59 7m0) gy (oo
Ll gime (Koo b (ol gy loazin g0
0425 b N0 i g 4209 152

19- Shapiro-Wilk



VFof lmsli VPV by bylos ¥ 6 )lols YA 590

el sl | Y

d/'y'.(.rdf‘},'l}
J9oz 50 il g slaazin onje5 &t 3l oukal

.o..\..i'ac,:l.é;ﬁ‘ awls V¥ 39 ‘5..\4.b‘5mu ‘slﬂbs\q;;.m u..\i’law C.:Lu =) Jous
Table 1- The results of the average topographic metrics in the 14 selected hillslopes.

Slope Area  Aspect angle Slope length LS Flow Plan Profile SPl TWI

Number  (ha) (degree) (degree) (L factor)  Factor Accumulation Curvature Curvature
1 2.2694 275.394 20.912 0.926 2.494 103.127 0.0015  -0.0010 0.098 3.979
2 6.0306 231.974 33.802 1.149 4.515 185.046 -0.0007  0.0001 0.347 4.011
3 4.8586 277.123 21.082 0.955 2.473 232.998 0.0012  -0.0004 0.111 3.845
4 2.8124 255.017 24.245 1.187 3.177 145.172 0.0002  0.0006 0.212 4.354
5 4.8102 296.564 38.959 1.087 5.460 219.164 -0.0003  -0.0001 0.342 3.580
6 4.9299 207.993 44.908 1.026 6.079 213.077 -0.0002  0.0015 0.405 3.373
7 2.1546 241.021 38.238 1.189 5.477 100.327 0.0025 -0.0021 0.413 3.963
8 4.1505 291.924 25.407 1.062 3.307 233.683 0.0013  -0.0011 0.194 3.863
9 3.9251 304.137 35.983 1.053 4.783 258.395 0.0013  0.0004 0.310 3.588
10 8.4369 198.452 33.582 1.035 4.484 302.189 -0.0005 0.0001 0.271 3.601
11 14.7385 114.458 34.490 1.155 4.684 327.724 0.0002  -0.0002 0.341 3.902
12 7.9542 67.641 32.658 1121 4.329 326.320 0.0000  0.0000 0.302 3.826
13 48195 75.612 21.208 0.948 2.444 237.236 0.0007  -0.0007 0.110 3.752
14 2.3254 66.999 21.468 0.902 2.453 122.602 0.0018  -0.0002 0.123 3.777
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Table 2- The results of sediment budget components in the 14 selected hillslopes.

Total . Total e Net Specific Net

Slope Area - Specific Total o Specific Total - - 1
Number  (ha) E(rto;_llc;n Erosion (thay?) Degc;f_llt)lon Deposition (thatly?) E(rto;_llc;n Erosmnl)(t ha™y” SDR
1 2.2694 -17.038 -7.508 0.134 0.059 -16.903 -7.448 0.992
2 6.0306 -10.843 -1.798 0.253 0.042 -10.590 -1.756 0.977
3 4.8586 -35.368 -7.279 1.017 0.209 -34.351 -7.070 0.971
4 2.8124  -21.150 -7.520 1.188 0.422 -19.962 -7.098 0.944
5 48102 -10.075 -2.095 1354 0.281 -8.721 -1.813 0.866
6 49299  -4.605 -0.934 0.733 0.149 -3.872 -0.785 0.841
7 2.1546  -2.732 -1.268 0.212 0.099 -2.520 -1.170 0.922
8 41505 -24.457 -5.892 0.478 0.115 -23.979 -5.777 0.980
9 3.9251 -14.255 -3.632 0477 0.122 -13.778 -3.510 0.967
10 8.4369 -28.281 -3.352 4.271 0.506 -24.010 -2.846 0.849
11 147385 -43.721 -2.966 4.156 0.282 -39.565 -2.684 0.905
12 7.9542  -24.373 -3.064 1416 0.178 -22.957 -2.886 0.942
13 48195 -30.531 -6.335 0.145 0.030 -30.386 -6.305 0.995
14 2.3254  -14.400 -6.192 0.309 0.133 -14.091 -6.059 0.979
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Table 3- The Pearson correlation coefficient between topographic metrics and sediment budget
components at the hillslope scale.

Budget components Total Elroslion Total Delposlition Net Erlosilon SDR
Topographic metrics (tha®y™) (tha®y™) (tha®y™)
Aspect .021 .072 .017 -.055
Slope angle -.945** 132 -.952** - 765**
Slope length (L factor) -.521 .296 -.538* -.321
LS factor -.940%* .156 -.949%* -.762%*
Flow accumulation -.254 .347 -.274 -.318
Plan curvature .355 -.500 .383 485
Profile curvature -.146 .393 -.168 -.470
Stream power index (SPI) -.943** 116 -.949** -.664**
Topographic wetness index (TWI) 469 .046 465 514

729 520 slazel mhaw )5 o pae (Ko oaimsylid s jay ¥ o *

* and ** indicate significant correlation at 95% and 99% confidence levels, respectively.
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Figure 4- Regression models for estimating the sediment budget components using topographic
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Extended Abstract

Introduction and Goal

Given the critical importance of soil and humanity's reliance on it for food production worldwide,
especially in developing countries, one of the most important and fundamental problems today is
soil erosion and degradation. The average soil erosion in the country is estimated to be around
16.5 tons per hectare, and soil erosion in Iran is approximately 2 to 2.5 times higher than the
average in Asia and 5 to 6 times higher than the global average, predominantly occurring in slopes
and hilly areas due to poor vegetation cover. Considering the advancements and development of
erosion and sediment methods, along with the costs and lack of accuracy in traditional methods
such as the use of erosion pins and plots, the use of radionuclides, especially *¥’Cs, for measuring
the amount of erosion and deposition and sediment budget components is of great importance
today. One of the important advantages of these methods, which has attracted the attention of
researchers especially in recent decades, is the possibility of measuring soil redistribution due to
water erosion in slopes and watersheds and even on the scale of laboratory plots. Accurately
estimation of sediment budget components is essential for estimating erosion rates and planning
effective soil conservation measures in any region. Therefore, this research aims to estimate the
sediment budget components at the hillslope scale using topographic metrics.

Materials and Methods

Due to the possibility of using the results of previous researches and the availability of a digital
elevation model with a spatial accuracy of one meter obtained from a drone photogrammetry, the
present study was conducted in the control sub-watershed of the Khamsan representative paired
watershed in Kurdistan province.
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To investigate the effect of the slope angle and curvature on erosion and sedimentation, soil
sampling was done at 31 points in a 200-m grid with a systematic-random method and also at 48
points on six transects. After preparation of the soil samples including air and freeze drying and
passing through a 63-micron sieve, 293 grams of soil were sent to the laboratory in special
containers for the measurement of *¥'Cs. Also, distribution maps of topographic metrics were
extracted using the digital elevation model in ArcGIS 10.8 software. Then, a distribution map of
soil erosion/redistribution was prepared using the **’Cs inventory points and work unit approach.
Additionally, the components of the sediment budget including total erosion, total sedimentation,
net erosion and sediment delivery ratio were calculated for 14 hillslopes in the studied sub-
watershed. Then, in order to check the normality of the data in the 14 studied hillslopes, the
Kolmogorov Smirnov test was used, and according to the normality of the data, the correlation
between the topographic metrics and the sediment budget components at the hillslope scale was
checked using the Pearson correlation test. Finally, regression equations were presented to
estimate the sediment budget components using topographic metrics.

Results and Discussion

According to the results of this study on the 14 studied hillslopes, specific total erosion ranged
from 0.93 to 7.52 t hayr?, while the specific total deposition ranged from 0.03 to 0.51 t hatyr™.
These findings indicated that a significant percentage of erosion had been exported from the
hillslopes. Specific net erosion was also calculated between 0.79 and 7.45 t ha yr?, which
indicates the sediment delivery ratio between 0.84 and 1.00 for the investigated hillslopes. The
results indicate that the correlation between erosion (total and net) and sediment delivery ratio
with slope angle, topographic factor, and stream power index is significant and negative. These
findings indicate the dominant effect of dryland farming on increased erosion in gentler slopes
and downstream areas, in the upstream regions of the slopes, although the slope was steeper,
erosion was minimal due to less soil disturbance and rangeland usage. Consequently, in this study,
the interpretation of relationships and regression equations utilized the results of land use and its
changes along the slope profile.

Conclusion and Suggestions

The inner area of the Khamsan watershed includes a low-slope plain with the predominant land
use of rainfed agriculture, which continues to parts of the surrounding steep slopes, and similar
conditions can be seen in the sub-watersheds, including the control sub-watershed. The conditions
of land use changes from the upstream to the downstream of the hillslopes around the rainfed
lands have relatively similar. Therefore, the regression equations presented in this study are
applicable in the hillslopes of the Khamsan representative paired watershed and other similar
watersheds. Finally, it is suggested to extract topographical metrics using digital height models
with different spatial accuracies and use them in estimations. It is also recommended that a land
management plan be developed for the studied area, taking into account the significant role of
land use in erosion and sediment production, with adjustments and land use changes implemented
based on the potential of each section.
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