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Introduction

Estimation of erosion and sedimentation using radionuclides is a one of the methods used to provide
erosion/sedimentation maps and calculate sediment budget components at time scales ranging from storm
to annual and even long-term annual averages. Comparing the results of long-term average annual
erosion/sedimentation with observed sediment values over recent decades can be used to investigate
trends in erosion and sediment yield. This study compares the average intensity of soil erosion over two
periods: 100-120 years and the last 60 years, using the isotopes and , respectively. By analyzing changes
in erosion and sediment production trends over the past century, this research was conducted in the
reference sub-watershed of the Khamsan representative-paired watershed.

Materials and methods

Soil sampling was performed at 57 systematically random points across various land uses within the
reference sub-watershed. Erosion and deposition intensities were estimated using the diffusion and
transfer model for non-agricultural lands and Mass Balance Model 1l for agricultural lands. These
calculations were based on the soil inventories of and (Bq m™2) along with other relevant parameters.
Erosion, stable, and deposition area maps were generated by comparing isotope inventories with reference
areas. The spatial distribution of erosion and deposition intensities was then mapped using the working
unit approach, and sediment budget components were quantified for the 100-120-year and 60-year
periods.

Results and discussion

The sediment budget analysis indicated that total soil erosion increased from 292.87 to 526.87 tons
year~, total deposition rose from 7.07 to 20.26 tons year~, and net soil erosion (sediment yield) grew
from 285.79 to 506.61 tons year™ over the two periods. The estimated average erosion intensity increased
from 2.92 to 5.25 tons ha™ year™, while sediment production rose from 2.85 to 5.05 tons ha™ year™.
Additionally, the sediment delivery ratio (SDR) was 0.98 for the 100-120-year period and 0.96 for the
last 60 years, indicating that the proportion of eroded soil retained within the watershed increased from
2% to 4% in recent decades.

Conclusions

The findings demonstrate a significant increase in soil erosion intensity over the past 60 years compared
to the 100-120-year period. The average total erosion, total deposition, and net erosion have
approximately doubled, tripled, and doubled, respectively. Field observations suggest that this rise in
erosion and sediment production is primarily due to intensified tillage operations in rain-fed agricultural
lands, particularly on steep slopes, and the prevalence of contour-plowing practices. In addition to
understanding the trend of erosion and sediment yield changes in the last century, the results of this study
can also be used to predict future soil erosion condition in the watersheds.
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Fig. 1. The surface below the control sub-watershed of Khamsan representative-paired watershed in Kurdistan Province and Iran (a),
digital elevation model (b) and land use map (c)
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passing through a 63 mm sieve, d: placing the samples in precious containers
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Transformation model

Model inputs

Mass balance model Il
Diffusion and migration

Year of Tillage Commencement, Bulk density of soil, Tillage depth
Proportion factor (Y'), Relaxation depth (H), Migration rate (V), Annual fallout of radionuclide
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Mean (Bq m2) 1806 6144
Median (Bq m™) 1752 6383
Standard deviation (Bq m?) 813 1525
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Table 2. Results of budgeting control sub-watershed of Khamsan representative-paired watershed using ?'°Ph., and **’Cs methods

Sediment budget components 210p,, method 137Cs method Change (%)
Gross erosion (ty™?) -292.87 -526.87 ~ 480
Specific gross erosion (t ha* y?) -2.92 -5.25 B
Gross sedimentation (t y%) 7.08 20.26 ~ 4186
Specific gross sedimentation (t ha™ y?) 0.07 0.20 B
Sediment yield (t y*) = Net erosion -285.80 -506.61 ~ +77
Specific net erosion (t ha™ y™) -2.85 -5.05 -
Sediment delivery ratio 0.98 0.96 = -2
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