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Extended Abstract

Introduction

Today, in various parts of the world, especially in dry and semi-dry regions, land degradation, soil erosion, and loss of nutrients
due to various climatic, human, and environmental factors have increased. This has led to a decline in the soil’s developmental
capacity, as well as the germination, establishment, and growth of plants in pastures, reducing the productivity of agricultural
plants. In other words, after every heavy rainfall and runoff, soil erosion occurs, which moves soil from the watershed area
downstream, depleting soil nutrients and impoverishing the local soil. However, a lack of understanding of the amount of
displaced nutrients and the costs associated with this issue has resulted in its minimal inclusion in the policies and planning of
managers. Therefore, identifying and quantifying the extent of erosion and the lost nutrients due to it, as well as the replacement
costs of these elements, can significantly aid in understanding the various dimensions of soil erosion. Based on this, this study
was conducted with the aim of better understanding the economic losses caused by soil loss in the Efin watershed in South
Khorasan Province. In this regard, and in order to assess the replacement costs of the phosphorus and potassium elements lost
due to soil erosion, the rainfall erosivity and vegetation cover change indices were first determined for the years 1386 to 1402,

and the cost of nutrient loss was estimated using the replacement cost method.

Materials and Methods

For this research, daily precipitation data from three meteorological stations (Efin, Zohan, and Moghilan), located at the outlet,
mid, and upstream of the watershed, as well as sediment and flow data recorded at the Efin station at the outlet of the watershed,
were collected for the available period (2007 to 2023) from the Meteorological Organization and the Regional Water Company
of South Khorasan. Subsequently, the model inputs for InVEST, including Rainfall Erosion (R), Soil Erodibility (K), Digital
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Elevation Model (DEM), Normalized Difference Vegetation Index (NDVI), and Land Management (P) corresponding to the
precipitation and flow data for the period of 2007 to 2023, were prepared and resampled to 30-meter cells. The period from 2007
to 2016 was considered for calibration, and from 2017 to 2023 for model validation. After calibrating and validating the InVEST
model, the amount of sediment output from the watershed was estimated for each year. The levels of phosphorus and potassium
in each kilogram of sediment were extracted from previous studies. Finally, based on the determined amounts of phosphorus and
potassium in the eroded soil each year, as well as their market prices from agricultural jihad data, the replacement costs for these

elements were calculated for each year.

Results and Discussion

The results of this study indicate that the IN'VEST model exhibited sufficient efficiency, with errors of 0.58% and 13.30% in
reproducing observed sediment during the calibration and validation periods, respectively, and the model is applicable for this
research. Additionally, rainfall analysis shows a decrease in precipitation from the beginning to the end of the period at the Efin
and Moghilan stations, while an increase was noted at the Zohan station. The maximum NDVT index value remained relatively
stable in most years due to the presence of jujube orchards relying on groundwater resources, though the minimum value
varied. Moreover, the sediment output during the evaluation period ranged from 31,910 to 142,310 tons across different years.
Ultimately, the replacement costs for phosphorus and potassium were estimated to be between 393.57 to 1,755.17 million rials
and 2,890.42 to 12,887.02 million rials, respectively, with total costs ranging from 3,284.00 to 14,642.19 million rials over the
statistical period. Given the approximate stability of land use throughout the statistical period, climate has a greater impact, with
sediment increasing alongside precipitation. While the presence of jujube orchards, influenced by spring and qanat irrigation,
shows a relatively stable NDVI maximum, degradation in pasture and barren land could exacerbate erosion due to its greater
extent.

Conclusion

Soil erosion and the loss of nutrient resources in the long term have a significantly negative impact on the lives of local
communities and soil-dependent organisms. In other words, the lack of nutrients not only reduces agricultural soil productivity
but also leads to the destruction of biodiversity. Therefore, adequate attention to this issue can illuminate hidden aspects and
provide a clear picture of the negative effects of erosion. As the study results indicate, erosion in the Efin watershed is influenced
by rainfall, and sediment levels change with variations in rainfall shape and volume. In this context, the extensive and less-covered
rangelands in the Efin watershed play a significant role in erosion and the increase of replacement costs. It is recommended that,
considering the region’s dry and fragile climate, measures be taken to prevent surface soil degradation. Although rainfall is
beyond human control and biological cover does not establish well due to the lack of precipitation, erosion can be prevented
from intensifying and spreading by implementing biological-engineering projects and controlling the terrestrial factors affecting
erosion. On the other hand, besides implementing bio-engineering measures, further communication and interaction among
organizations and stakeholders influencing the watershed’s performance can play an effective role in reducing degradation and

improving vegetation cover.
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Fig 1. Geographical location, Geology and Hydrological Group of the study area
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Fig 4. Correlation between discharge and sediment recorded at the Efin hydrometric station
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Table 2. Replacement cost of phosphorus and potassium losses due to soil erosion under different land uses, in million rials

Eaog @“": phosphor- i potassium- ..k
< B et . . N . . , JL
Tﬁal cJaZt Total Total ¢ %9‘)) cr & b.&b) cr year
phosphor  potassium garden  agriculture Rangeland garden agriculture Rangeland

6988.40 837.76 6150.64 658.53 56.47 122.76 94491 469.72 4736.01 1386
9264.07 1110.24 8153.83 869.02 76.25 164.96 1269.72 634.27 6249.84 1387
8791.45 1053.58 7737.88 823.98 72.07 157.53 1212.50 599.48 5925.90 1388
10673.24 1279.39 9393.85 1004.38 86.57 188.45 1450.48 720.05 7223.31 1389
8389.08 1005.91 7383.17 793.89 67.23 144.80 1114.50 559.17 5709.49 1390
12112.19 1452.63 10659.56 1148.11 94.44 210.08 1617.00 785.52 8257.05 1391
10232.74 1226.89 9005.85 966.93 81.98 177.99 1369.96 681.88 6954.01 1392
9866.98 1183.60 8683.39 939.50 77.02 167.08 1286.05 640.64 6756.70 1393
11176.00 1340.21 9835.79  1059.22 89.01 191.98 1477.70 740.37 7617.72 1394
11395.13 1366.26 10028.87  1077.10 91.64 197.51 1520.28 762.29 7746.30 1395
6536.42 783.52 5752.90 615.25 53.10 115.17 886.50 441.64 4424.76 1396
14642.20 1755.18 12887.02  1378.83 119.10 257.25 1980.05 990.66 9916.31 1397
10263.16 1228.83 9034.32 946.62 87.27 194.94 1500.50 725.87 6807.95 1398
8063.77 964.86 7098.91 734.91 70.27 159.67 1229.03 584.51 5285.37 1399
7331.80 878.49 6453.31 683.92 59.74 134.82 1037.72 496.95 4918.64 1400
3284.00 393.58 2890.43 308.05 26.86 58.67 451.60 223.40 2215.43 1401
9856.03 1181.26 8674.78 924.95 80.35 175.95 1354.31 668.38 6652.08 1402
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