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Extended abstract

Introduction

Natural ecosystems play a vital role in maintaining environmental processes and life-support systems, but
due to land-use changes and improper management, essential ecosystem services for human well-being
have declined. This reduction has led to problems in areas such as energy, climate, and ecosystem services.
With increasing population and human needs, greater pressure has been placed on ecosystems, highlighting
the global importance of ecosystem services worldwide. The INVEST model, developed by the Natural
Capital Project, serves as a tool for assessing and mapping these services. The objective of this research is
to spatially analyze the hydrological ecosystem services using the INVEST model in the Neyshabur
Watershed.

Materials and methods

In this study, two sub-models—the Seasonal Water Yield and Sediment Delivery Ratio (SDR) models in
INVEST—were used to assess water yield and estimate soil erosion in the study watershed. To run the
model, inputs including Digital Elevation Model (DEM) maps, watershed and sub-watershed maps,
precipitation, reference evapotranspiration, soil hydrological groups, land use, soil erodibility, rainfall
erosivity, a biophysical data table, and the number of precipitation events were required. For calibration
and validation of the model in the study area, data from three hydrometric stations in the watershed for the
period 1982 to 1993 were used. Then, by adjusting the model’s sensitive parameters, including B (local
topographic and soil parameter), y (parameter related to infiltration rate in cells), Z (number of rainfall
events), CN values, k_b, and IC, (parameters for the relationship between hydrological connectivity and
sediment delivery ratio), the model was calibrated within the allowed range. Calibration was performed
using the discharge and sediment data recorded at the Bar, Taghun, and Zarandeh stations for the period
1982 to 1989, and validation was carried out for the period 1990 to 1993. To determine the hydrological
ecosystem services, monthly temperature and precipitation maps from WorldClim for the period 1970 to
2000 with an appropriate resolution were used, and the model was run based on these data.

Results and discussion

Among the parameters a, 3, v, CN, Z, k_b, and IC,, the model showed the highest sensitivity to the
parameters Z (number of rainfall events), CN values, k_b, and 1C,. The spatial variation pattern of
quickflow in the Neyshabur watershed indicates that quickflow is primarily influenced by precipitation.
The northern, northeastern, and eastern parts of the watershed, due to steep slopes and intense rainfall,
experience higher quickflow, while the southwestern, southern, and central areas of the watershed have
lower quickflow. A strong correlation of 0.83 between precipitation and quickflow confirms the significant
impact of precipitation on surface runoff. The average annual quickflow in the Neyshabur watershed is 34.3
mm. The highest quickflow occurs in sub-watershed 1, and the lowest in sub-watershed 4. Soils with low
permeability in sub-watershed 1 lead to increased quickflow, while more permeable soils in sub-watershed
4 reduce it. Regarding water yield, the annual average water yield of the watershed is 43.4 mm. The highest
water yield is reported in sub-watershed 1, while the lowest is in sub-watershed 5. These differences are

* Corresponding author: m.azari@um.ac.ir


https://doi.org/10.22092/ijwmse.2025.368355.2098

515/ Watershed Engineering and Management Volume 17, Issue 4, 2026
DOI: 10.22092/ijwmse.2025.368355.2098

mainly attributed to the climatic conditions and land-use types. The average erosion rate in the Neyshabur
watershed is 0.6 t ha™ yr~. The highest erosion occurs in sub-watershed 3, and the lowest in sub-watershed
4. Areas with steep slopes and intense rainfall are more prone to erosion. The most important finding
regarding soil retention is that the soil retention rate in all sub-watersheds exceeds the erosion rate. Sub-
watershed 3 has the highest soil retention, while sub-watershed 4, with the lowest soil retention, requires
more protection. Forest, shrubland, and scrubland land uses have the greatest capacity to retain soil, while
saline and marshy lands and residential areas play the least role in soil retention.

Conclusions

Determining the hydrological ecosystem services of watersheds is crucial for better and more targeted
watershed management. This study was conducted to spatially analyze these services in the Neyshabur
watershed in Razavi Khorasan Province. In the northern and northeastern parts of the watershed, higher
water yield is observed, which could be considered for water resource exploitation and flood control
measures in these areas. Regarding soil retention, the results indicate that sub-watershed 3, with the highest
soil retention, has high potential for preventing erosion. In contrast, sub-watershed 4, with the lowest soil
retention, has limited potential to prevent erosion. Overall, the findings highlight the importance of
evaluating the spatial pattern of hydrological ecosystem services in watershed management.
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Fig. 2. (a) Land use map, (b) Soil hydrological group map, (c) Curve number map, and (d) Soil erodibility map of the Neyshabur
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Table 1. Biophysical parameters of vegetation classes of the Neyshabur Watershed

Land use P C CN_A CN_B CN_C CN_D
Bare Land and Rock Outcrops 1 0.25 74 84 90 92
Saline and Salt Flats 1 0.25 74 84 90 92
Riverbed 1 0.001 30 58 71 78
Shrubland and Scrub 1 0.01 45 66 77 83
Sparse Forest 1 0.003 36 60 73 79
Planted Forests 1 0.003 36 60 73 79
Irrigated Agriculture and Orchards 1 0.006 36 75 82 86
Rainfed Agriculture 1 0.0001 65 76 84 88
Low-Density Rangelands 1 0.16 68 79 86 89
High-Density Rangelands 1 0.14 39 61 74 80
Semi-Dense Rangelands 1 0.18 49 69 79 84
Residential 1 0.001 98 98 98 98
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Table 2. The results of statistical measures for quickflow at different stations of the Neyshabur Watershed (period 1982-1993)

Station Coefficients Calibration Validation
RMSE 0.98 0.97
Zarande NS 0.87 0.82
R2 0.96 0.92
MAE 0.64 0.62
RMSE 3.28 2.95
. NS 0.64 0.83
Bar Arieh R2 0.76 086
MAE 1.95 2.13
RMSE 221 4,22
NS 0.81 0.82
Taghun R2 0.84 0.94
MAE 1.45 2.37
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Table 3. Average annual precipitation and evapotranspiration (mm) of the Neyshabur watershed during the period 1970-2000

Sub-basin Precipitation Evapotranspiration
1 330 1180.14
2 289 1208.25
3 300 1207.24
4 288 1154.37
5 294 1156.17
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Fig. 5. (a) Precipitation map, (b) Evapotranspiration map (mm) of the Neyshabur watershed during the period 1970-2000
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Table 4. Soil erosion rate and soil retention (to/ha/yr) in the sub-basins of the Neyshabur watershed during the period 1970-2000

Sub-basin

Soil erosion

Soil retention

b wN P

0.60
0.64
0.73
0.42
0.64
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3.60
4.10
2.44
3.51
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Fig. 9. (a) Soil erosion map, (b) Soil retention map (to/ha/yr) of the Neyshabur watershed during the period 1970-2000
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