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Abstract. This article presents the obtained results of the application of integrated hydrological 

models. Observed data and simulations diverge especially during the period when the 

maximum flow rates are observed. This is mainly due to the parameters of climate and soil, 

which are taken into account when checking sensitivity to unknown values. To increase the 

accuracy of the results, the selection method is used, and the analysis of the results. Outcomes 

show that the correlation coefficient is more than 60%. However, it is possible to enhance this 

connection. For this, it is necessary to change the sensitivity parameters to unknown values 

several times and restart the models. The simulation results of the high water period are 

smoother than the observed values. It refers, to maximum water discharges; even integrated 

models face difficulties in taking account of all the factors that form the surface runoff. 

Therefore, the hydrologic models that are applying nowadays have to be improved and 

developed for better outcomes. 

 

1. Introduction 

The Gissar ridge towering above the Surkhandarya river valley in the north is the highest in the basin; 

its individual peaks slightly exceed the 4,500 m above mean sea level. There is slight glaciation on the 

slopes, and the surface runoff consists of at least 70% of the total surface inflow into the lowland area 

of the basin. The Surkhandarya River (length 196 km) is formed by the confluence of the Tupalang 

and Karatag rivers [1], of which the first is the most auriferous (average discharge at the exit of the 

mountains Tupalang River 52 m3/s, Karatag 23 m3/s). Tupalang river’s total length is 112 km, F - 2200 

km2 [2].  

The average basin height is 2546 m. Heights of more than 4000 m occupy only 3.1% of the total 

area, and heights exceeding 3500 m – 15.4%. Surface runoff of the river flow is formed due to the 

melting of seasonal snows and snowfields, the participation of eternal snows, and even fewer glaciers 

in the river flow are negligible. Tupalang belongs to the rivers of snow-glacier feeding with the 

corresponding character of the intra-annual distribution of runoff [3]. The average runoff module of 

the Tupalang River is 23.6 l/s km2. The coefficient of variation of the annual runoff Cv is 0.18, which 

indicates the comparative stability of the annual runoff of the river, given the nature of its nourishment 

type [4]. The regulated base flow of the Tupalang River is rather weak (regulation is the participation 

or share of groundwater in the formation of surface runoff). Runoff for October-February is only 

10.6% per annum, and the coefficient of intra-annual flow unevenness is 0.40. The low regulation of 

runoff is explained by the wide distribution of igneous, mainly intrusive rocks in its catchment 

(65.3%) [5]. 

mailto:smqodirov@gmail.com
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The hydrological modeling which is applied in this research, the SWIM model was first described in 

1989, based on the structure of another model - the Soil and Water Assessment Tool (SWAT) [6]. There 

are semi-distributed, continuous, eco-hydrological models of a conceptual type. Besides, the model 

requires average daily data. The SWIM model simulates water discharge, water quality parameters, 

components of the hydrological cycle, and agricultural products with daily increments [11]. 

 
Figure 1. Several river basins of the world where SWIM model is already 

applied to solve hydrological issues 

 

In Figure 1, you can see the classes in the colored background that the SWIM model worked 

successfully. One of them is the Asia region (Figure 2) which has several river basins displayed. 

 

 
Figure 2. River basins of Asia where the model applied 

 

2. Methods 

GIS GRASS was used for river modeling supported by the SWIM hydrological model [7]. For 

modeling, we prepared in tabular form climatic data, in a cartographic form of land use, soil and 

satellite images SRTM DEM 90 m (http://srtm.csi.cgiar.org/) [8] and the point of hydrological posts, 

which includes the coordinates of the hydrological stations (shape file). The water discharge data of 

this gauging station can be ordered through the site– 

bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html) [9]. 

 

http://srtm.csi.cgiar.org/
https://www.bafg.de/GRDC/EN/01_GRDC/13_dtbse/database_node.html)%20%5b3
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Figure 3. Geolocation of gauging stations 

In the focusing area there are two hydrological stations: Obizarang and Zarchup:  

 

 
Figure 4. Gauging station Obizarang (Data on water discharge from 1932 to 

1989 missing data 6.32%) 

 

After that, we prepared the input data for the SWIM model, since the data is Sub-basin, gauging 

stations, and the structure of the river network. Then carried out practical exercises, installed the 

following software:  

Installation of GRASS GIS, integration of SWIM 

Installation of R and R Studio 

Interpolation of climate data 

Preparation, formatting, and reclassification of spatial data, as the soil map (FAO) and land use 

(Figure 5) (http://www.globallandcover.com/) [10] for 2010. 

http://www.globallandcover.com/
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Figure 5. Global land use map for 2010 

 

3. Results and discussion 

The main sensitive calibration parameters include indicators as follows, evaporation and radiation, 

groundwater, reservoir, channel parameters, snow parameters, etc. Besides, changing the sensitivity of 

the parameters is one of the most important stages in the calibration of the model (Figure 7). For more 

accuracy and sensitivity of the results in SWIM modeling whole river basin divides into sub-basins, 

and these partitions into hydrotops respectively. It helps to decrease the errors related to soil properties 

[12]. 

 

 
Figure 6. The parameters of sensitivity 
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After starting the SWIM model, the results must be analyzed; if the results are unsatisfactory, you will 

have to change the river basin parameters and run the model again. The daily results obtained can be 

converted to a monthly average and annual average using the programming language R [6]. The 

picture depicts that in the period of high water phase simulated and observed values are not matching. 

It occurs due to climate and soil factors which are listed as sensitivity parameters [13, 14, 15]. 

 

 
Figure 7. Results of calibration and validation 

 

4. Conclusion 

After plotting the data obtained, it can be seen that the observed data and the simulations diverge 

especially during the period when the maximum costs are observed. This discrepancy is mainly caused 

by the presence of climate and soil parameters, which are taken into account when testing sensitivity 

to unknown values. To increase the accuracy of the results, the selection method is used, and the 

analysis of the results obtained. Also, the results show that the correlation coefficient is more than 

60%. However, it is possible to increase this ratio. For this, it is necessary to change the sensitivity 

parameters several times and restart the models. The results during the flood of the simulation are 

smoother than the observed values. This means that, at maximum costs, even integrated models cannot 

all the factors that form the surface runoff.  
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