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Abstract 
The information contained in digital Elevation model (DEM) is often used as important 
basic data for hydrodynamics research. However, the elevation below water level of 
reservoir cannot be reflected in DEM, so the reliability of hydrodynamics simulation 
results is affected. Therefore, based on DEM data and water-level - storage capacity curve 
of the reservoir, this study simulated the terrain below the reservoir water surface. 
Firstly, slope calculation was carried out on the 15*15m precision DEM, and the raster 
outside the reservoir was removed to extract DEM of the reservoir as well as line and 
surface elements. Then the horizontal Euclidean distance is calculated and the 
underwater elevation is obtained by combining the reservoir capacity curve. The 
longitudinal Euclidean distance ratio of different storage capacity is obtained by 
calculating the longitudinal Euclidean distance. Finally, the revised resevoir DEM is 
obtained. Based on SRTM DEM and niutou Shan Reservoir located in Linhai city, Zhejiang 
Province, China, as an example, this study simulated and constructed the terrain below 
the water surface of the reservoir. In order to evaluate the rationality of the simulation 
construction, we established a HEC-HMS hydrological model of the reservoir. The results 
show that the maximum peak value in the simulation is 1813.9m3/s, and the Nash-
Sutcliffe coefficient after parameter optimization is 0.979. It can be seen from the Nash 
coefficient of the model that the reliability of the model is high, which is basically 
consistent with the measured situation. 
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1. Introduction 

Field measurement has the disadvantage of high cost and inconvenience, but the large-scale and 
convenience of remote sensing data are highlighted, and various estimation of surface water storage 
and water depth by using remote sensing data emerge at the right moment. 

In recent years, with the development of computer information technology, extensive research has 
been carried out on the prediction of underwater terrain, including real-time measurement of terrain 
contour data under the carrier by carrying acoustic sounder, and integration of heading, speed and 
other information provided by other navigation equipment.[1][6] It can realize the relative absolute 
position positioning of underwater submersible in a large range of local areas and under the condition 
of stationary carrier movement, and has been applied in Marine investigation, scientific research, 
resource development and other military and civilian fields. Although the underwater topographic 
and geomorphic detection technology has been improved, the accuracy of matching algorithm, the 
uncertainty of underwater vehicle motion state and the randomness of underwater terrain matching 
area restrict the further popularization of the underwater application of topographic and geomorphic 
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matching technology.[2] Therefore, a large number of researchers have adopted different algorithms 
for terrain construction. For example, Gao Yongqi et al. [4] used Kriging interpolation algorithm to 
carry out interpolation reconstruction simulation tests on flat and undulating terrain simulated by 
Sphere and Rastrigin functions respectively. Peng Zhongbo et al. [7] established BP neural network 
by using neural network module of MATLAB software, compared the advantages and disadvantages 
of various training functions, selected suitable training functions and conducted a large number of 
training experiments to constantly modify performance parameters in view of the characteristics of 
network training sample data. Yu Jiaxue et al. [8] processed THE GPS data based on GPS measured 
data and optimized THE FOA-ELM algorithm of extreme learning machine based on fruit fly 
algorithm, and finally obtained the reservoir topographic map and DEM.[5]. 

To sum up, a large number of researches still use algorithms to fit underwater elevation based on GPS 
elevation data. DEM data is an indispensable basic data for hydrologic and hydrodynamic research, 
while reservoirs are an indispensable part of the researches.[9] Previous studies in this area have been 
reported in the literature, but few studies on underwater topography based on DEM have been carried 
out in the context of model development and high data requirements. Based on the existing research 
problems and the research needs of reservoir topography, this paper discusses the key technology 
method of constructing reservoir topography by using SRTM DEM data and water-level and storage 
capacity curve. The method is used to predict the topography of Niutoushan reservoir in Linhai City, 
Zhejiang Province, China, and the accuracy of numerical prediction is tested. [3] The research results 
aim to solve the problem of lack of necessary reservoir topographic data in hydrodynamics simulation, 
enrich the acquisition methods of underwater topographic data, and provide reference ideas for 
constructing reservoir topographic data in areas with few data. 

2. Research Methods 

2.1 Research Methods 

2.1.1 Technical Route 

 
Figure 1. Technical process of reservoir topography construction and verification 

 

Remote sensing images contain clear image information, while DEM contains important elevation 
information. Due to the existence of water in reservoirs, DEM cannot reflect the real reservoir 
elevation below water surface. The research ideas include: Firstly, the reservoir shape is extracted 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0049

 

358 

from 15*15mDEM including the reservoir, mainly for grid calculation. Since there is no elevation 
information at the water surface, the slope can be regarded as 0. Secondly, the grid with slope greater 
than 5 of 15*15mDEM is removed to obtain the DEM with basic reservoir shape. Then, according to 
the E-V curve of the reservoir, lAT-E and Long-Pro curves are obtained. The grid data calculated in 
the first step are respectively put into the curve polynomial to obtain the corresponding grid data of 
E and Pro. The two grids are multiplied to obtain the DEM of the reservoir after final calculation and 
the revised reservoir capacity curve. Finally, the revised DEM is used to extract the river network and 
divide the basin for the establishment of HEC-HMS hydrological model of the reservoir for analysis 
and verification. The technical flow chart is shown in Figure 1. 

2.1.2 Principle of Euclidean Distance 

Calculate the Euclidean distance between the source pixel center and each surrounding pixel center. 
The true Euclidean distance is calculated in each distance tool. The principle of the Euclidean 
algorithm is as follows: For each pixel, the distance from each source pixel is determined by 
calculating the hypotenuse using x_max and y_max as the two sides of the triangle. [10] This 
calculation gives the true Euclidean distance, not the pixel distance. The minimum distance from the 
source is determined, and if it is less than the specified maximum distance, the value is assigned to 
the pixel position on the output grid. 

 

 
Figure 2. Schematic diagram of Euclidean distance calculation 

 

The output value of the Euclidean distance grid is a floating point distance value. If the pixel is 
equidistant from two or more sources, the pixel is assigned to the first source encountered during the 
scan. 

This is a conceptual description of how to arrive at values. The actual algorithm computes the 
information using two sequential scanning processes. This process makes the speed of the tool 
independent of the number of source pixels, the distribution of source pixels, and the specified 
maximum distance. [11] The only factor that affects the tool's execution speed is the size of the grid. 
The calculation time is linearly proportional to the number of pixels in the Analysis window. 

The Euclidean distance output grid contains the measured distance between each pixel and the nearest 
source. Distance is measured in grid projection units (such as feet or meters) along a straight line 
(Euclidean distance) and calculated from pixel center to pixel center. 

Euclidean distance, the most common representation of the distance between two or more points, also 
known as Euclidean metric, it is defined in Euclidean space, such as the point x = (x1,... ,xn) and y = 
(y1... The distance between,yn) is: 

 

      d(x, y) = (x − y ) + (x − y ) + ⋯ + (x − y ) = ∑ (x − y )            (1) 

 

Two n-dimensional vectors a(x11,x12... X1n) and b (x21, x22,... Euclidean distance between,x2n): 
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d = ∑ (x − x )                                (2) 

3. Empirical Analysis 

3.1 Experimental Area and Data 

The research area selected for this study is Niutushan Reservoir in Linhai city, Zhejiang Province. 
Niutushan Reservoir is located in Niutushan Village, Shaojiadu Street, Linhai City, about 22 
kilometers away from the downtown area of Linhai city, on the inverted stream of lingjiang River 
tributary. The reservoir has a catchment area of 254 square kilometers and a total storage capacity of 
302.5 million cubic meters, with a normal storage capacity of 156 million cubic meters. Reservoir 
irrigation, flood control, combined with power generation, water supply and other comprehensive 
utilization. The design of 359,000 mu of irrigated farmland, including 79,000 mu of Datian plain and 
280,000 mu of Jiaobei plain, can improve the drought resistance of irrigated area from 40 days to 90 
days; The reservoir can hold back the whole flood in 20 years and reduce the flood disaster of 
farmland of 100 thousand mu in Datian plain. Niutoushan reservoir also creates favorable conditions 
for taizhou power plant and Linhai city water supply. 

 

 
Figure 3. Geographical location of Niutoushan Reservoir 

 

 
Figure 4. Water-storage capacity curve of Niutoushan Reservoir 
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The experiment selected Niutoushan Reservoir in Linhai city, Zhejiang Province as the research 
object, with the highest of 55.32m and the lowest of 6.82m in the region. The reservoir features in 
this area are obvious, and the reservoir is surrounded by hills. The experimental data mainly include 
DEM raster data and E-V curve of the reservoir. The data sources of land use, soil type and rainfall 
are shown in Table 2. DEM data comes from SRTM(Shuttle Radar Terrain Mission) published by 
THE United States Geological Survey. The resolution of grid data is 1 "(about 30 m). Data 
preprocessing includes unified projection and coordinate system transformation of experimental data 
at first, and then extraction of reservoir. Table 1. shows the data calculation of this study, including 
DEM and water-level - storage capacity curve of reservoir. 

 

Table 1. Water level -- storage capacity of Niutoushan Reservoir 

Level/m 19 30 40 45 46 50 55 55.3 55.6 56 56.3 56.7 57 57.6 

Storage 
capacity 

*10^6/m
^3 

3.
0 

40.
0 

99.
3 

143.
5 

156.
9 

197.
5 

265.
5 

271.
0 

275.
9 

281.
7 

286.
0 

291.
9 

296.
4 

302.
5 

 

Table 2. Basic information of experimental data 

Data name  data source 
 data 
format 

Projection system Coordinate system 

SRTM DEM 

United States 
Geological Survey 

(https:// 
www.usgs.gov/) 

GeoTIFF 
Universal Transverse 

Mercator projecting(UTM, 
Zone 52N) 

World Geodetic 
System 

1984(WGS84) 

Water-storage 
curve 

Engineering design Excel / / 

The land use 
European Space Agency 

GlobCover portal 
Tif. 

Universal Transverse 
Mercator projecting(UTM, 
Zone 52N) 

World Geodetic 
System 

1984(WGS84) 

Soil type China Soil Database Shp. 
Universal Transverse 

Mercator projecting(UTM, 
Zone 52N) 

World Geodetic 
System 

1984(WGS84) 

Rainfall data 
Platform of Taizhou 

Water Situation Release 
Center 

Excel / / 

3.2 Calculation of Underwater Elevation 

Firstly, the E-V curve is adjusted to the situation when the water level is 0, as shown in Table 3. In 
ArcGIS, the Euclidean distance of the unknown pixel is calculated according to the source pixel with 
elevation data of the reservoir. As can be seen from the figure, the maximum Euclidean distance is 
403.89m, so we believe that the maximum Euclidean distance is 47.6m at the highest water level, 
namely the bottom of the reservoir. According to the change of water level, we think that the 
horizontal Euclidean distance is similar to the change of water level, and according to the maximum 
horizontal Euclidean distance, linear amplification, so as to calculate the corresponding transverse 
Euclidean distance. The corresponding underwater elevation is linearly amplified according to the 
proportion of the corresponding reservoir capacity. The curve of Figure 13. was drawn, and the 
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obtained figure 6. was put into the function Y = 8E-10x4-9E-07x3 + 0.0006x2-0.2293x + 0.3235 for 
grid calculation, and finally the corrected elevation figure 8. was obtained. 

Similarly, longitudinal Euclidean distance is used to calculate the nearest distance between the 
unknown pixel and the upstream source pixel of the reservoir. The calculation method is that the 
maximum longitudinal Euclidean distance is calculated as 100 in the GIS map, and linear 
amplification is carried out based on the proportion of the reservoir water level to the highest water 
level, and then the weight of a certain longitudinal distance in the whole is calculated based on the 
reservoir capacity. Draw the curve in Figure 7. and substitute the Figure 14. obtained into the function 
y = -3E-09x4 + 3E-07x3-0.0001x2 + 0.0012x + 1.0008 R2 = 0.9999 for grid calculation, and figure 
9. is finally obtained. Finally, the two images are multiplied by grid calculation, and the calculated 
reservoir DEM figure 10. is finally obtained. 

 

Table 3. Data calculation 

level/m 47.6 38.6 27.6 17.6 12.6 11.6 7.6 2.6 2.3 2.0 1.6 1.3 0.9 0.6 0 

Storage 
capacity 

*10^6/m^3 
302.5 299.5 262.5 203.2 159.0 146.5 105.0 37.0 31.5 26.6 20.8 16.5 10.6 6.1 0 

Transverse 
Euclidean 
distance/m 

333.2 270.2 193.2 123.2 88.2 81 53.2 18.2 16.1 14.0 11.2 9.1 6.3 4.2 0.0 

The terrain 
elevation/m 

-30.0 -29.7 -26.0 -20.2 -15.8 -14.5 -10.4 -3.7 -3.1 -2.6 -2.1 -1.6 -1.1 -0.6 0.0 

Longitudinal 
Euclidean 
distance/m 

0 18.9 42.0 63.0 73.5 75.6 84.0 94.5 95.2 95.8 96.6 97.3 98.1 98.7 100 

Weight 1.00 0.99 0.87 0.67 0.53 0.48 0.35 0.12 0.10 0.09 0.07 0.06 0.04 0.02 0.0 

 

 
Figure 5. Reservoir original DEM 
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Figure 6. Transverse Euclidean distance 

 

 
Figure 7. Longitudinal Euclidean distance raster data 

 

 
Figure 8. Elevation raster data 
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Figure 9. Proportion raster data 

 

 
Figure 10. Reservoir DEM after calculation 

 

 
Figure 11. Revised reservoir stereogram 
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Figure 12. Transverse Euclidean distance-topographic elevation function 

 

 
Figure 13. Longitudinal Euclidean distance-proportion function 

 

 
Figure 14. Reservoir-water level curve 
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Figure 15. Revised reservoir capacity - water level curve 

4. Hydrological Analysis And Inspection 

4.1 HEC-HMS Model Module 

HEC-HMS hydrological model is mainly composed of basin module, meteorological module, control 
operation module and time series data module, and its calculation module is composed of runoff 
generation, direct runoff, base flow and river confluence calculation module. Hec-geohms module in 
ArcGIS is used to automatically divide watershed, set catchment area threshold, and extract river 
network. According to the hydrological characteristics of Niutushan Reservoir, the HEC-HMS 
hydrological model of Niutushan reservoir was established by using SCS curve method and SCS unit 
line method to calculate the direct runoff confluence. Figure 16. shows the model. 

 

 
Figure 16. HEC-HMS model of Niutoushan Reservoir 

 

(1) SCS curve method 
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SCS curve method was proposed by soil and Water ConservationService (SCS) of USDA, and has 
been widely used in other countries.The flow generation of SCS curve method is calculated as follows: 

 

R =
( . )

.
P ≥ 0.2S

0                     P < 0.2S
                           (3) 

 

(2) Regression curve method 

In the base flow Qt and initial base flow at time t, P is the average annual rainfall (mm); R is the total 
capacity of average retained runoff (mm); S is the average residual runoff (mm) of all possible runoff 
occurrences in the average watershed, and is a quantitative upper limit for post-runoff losses. 

A different dimensionless parameter CN is introduced, called Curvenumber (Curvenumber), and its 
relationship with S is as follows: 

 

S = − 254                                 (4) 

 

The variation range of CN measurement sampling value is generally controlled between 0 and 100. 
When multiple types of comprehensive land use and other soil use types may exist simultaneously in 
a subset of the watershed, the weighted VALUE of CN is the average value of a land weighted value 
of CN by the comprehensive land use of various land types and other soil use types, and the 
calculation formula is defined as follows: 

 

CN =
∑

∑  
                                    (5) 

 

Where, I and I are the area difference cardinals of various land types of comprehensive land use and 
other soil use types in the sub-project watershed; Is the difference of cardinal CN between the 
integrated land use and other soil use types in the I and I basins; Is the total land area of type I and I 
catchments in terms of integrated land use management and utilization and other types of soil use. 

(3) SCS unit line method 

SCS unit line method is a dimensionless unit line model for calculating river process lines. The main 
parameter is Lag Lag of the basin, which is the time distance between the rainfall centroid and flood 
peak of the basin, and its calculation formula is as follows: 

 

t =
. ( . ) .

.
                             (6) 

 

Where, Tlag is the watershed lag time (min); Equation (10) between lQ0 is: 

 

Q = Q M                                  (7) 

 

Where, M is the attenuation coefficient, and its value ranges from 0 to 1. 

Due to the lack of rainfall data, the delay time of SCS unit line is considered to be estimated by 
retention time TC. 

 

t = 0.6t                                  (8) 
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Confluence time is a partly physics-based reference, which can be estimated by equation (9): 

 

t = t + t + t                            (9) 

 

Where, tsheet is the sum of movement time of surface slope runoff units in the catchment area; 

Tshallow is the sum of movement time in shallow channel water unit, along street, flume or small 
channel. 

Tchannel is the sum of each movement moment in a channel unit. 

The section information can be obtained from field measurements, maps or aerial images, and the 
flow rate of water in the channel can be calculated using manning's formula: 

 

V =                                 (10) 

 

Where, V is the average flow; 

R is hydraulic radius; 

S is the slope of the energy gradient line (often approximated as the slope at the bottom of the channel); 

C is conversion coefficient; 

The value of n is often referred to as the Manning coefficient. 

By estimating the flow velocity, the movement time in the river can be calculated: 

 

t =                              (11) 

 

Where, L is the length of river. 

Slope runoff is the flow of water to the surface of the catchment area in front of the river. His flow 
distance is very short only 10 to 100 meters. The movement time of SCS slope runoff can be 
calculated according to formula (12): 

 

t =
. ( ) .

( ) . .
                          (12) 

 

Where, N is the roughness coefficient of surface flow; 

L is flow diameter length; 

P2 is the 24-hour rainfall depth that occurs once every two years; 

S is slope of hydraulic gradient line, which can be approximated by ground slope. 

Slope runoff usually becomes a shallow convergent flow after 100 m. The average velocity of shallow 
convergent flow can be estimated by formula (13): 

 








cepavedsurfa3282.20

surface unpaved1345.16
v

S

S

                       (13) 
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By substituting (13) into (11), the movement time can be calculated. 

The delay time of SCS unit line can be estimated and verified by referring to relevant data for detailed 
data of upstream subsets. In HEC-HMS, optimal parameter values can be systematically searched 
according to certain conditional processes. The process starts with collecting data. For the rain-runoff 
model, the required data are precipitation and time series. 

4.2 Parameter Optimization 

The initial input model parameters, and then run the model, the model after the operation to the 
simulation results were compared with the measured data, the use of HEC HMS module will run 
automatically optimize result, HEC - HMS module automatically optimize the results compared with 
the measured data, if satisfied with the results shows that the modeling is complete, if not satisfied 
with the automatic optimization results, the need to adjust the parameters. After parameter adjustment, 
hec-HMS module shall be imported for automatic optimization. If the result is satisfactory, the 
operation shall be completed; if not, the above operation shall be repeated and parameters shall be 
adjusted continuously until the desired result is achieved. 

In this study, parameters need to be adjusted in the automatic optimization of HEC-HMS module, 
mainly using the following methods: 

1) The catchment loss rate parameters were SCS Curve Number; 

2) The conversion method is SCS Unit Hydrograph; 

3) Parameter of fading base flow is Recession Constant. 

Through a series of parameters adjustment, it is found that Nash coefficient is improved after the 
determination of CN value range, retention time and initial loss range, but not satisfactory results. 
Further parameter adjustment will be made. After adjustment, the initial flow attenuation of the model 
is 0.1m3 /s, the peak ratio of attenuation is listed as 0.1, and the decay constant is 0.1. After adjustment, 
the initial flow range is 0.000-1000m3 /S; The peak ratio of attenuation is listed as 0.0000-1.000; The 
subduction constant ranges from 0.0100 to 1.000. Figure 18. shows the model and measured results 
after optimization: 

 

 
Figure 17. Comparison between model and measured data 
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Figure 18. Simulation and measured results after optimization 

 

After optimization of parameters, by comparing Figure 17. and Figure 18, it can be seen clearly and 
intuitively that the simulated value is slowly approaching the measured value. From the maximum 
value of 1881.0m3/s in the simulation before optimization to 1813.9m3/s after optimizationNash-
sutcliffe coefficient increased from 0.894 to 0.979, close to 1, indicating that the model after 
adjustment was very reliable. 

5. Conclusions and Prospects 

5.1 The Conclusion 

In this paper, niutoushan Reservoir, a tributary of Lingjiang River in Linhai city, is taken as the 
research object. The terrain below the reservoir surface is simulated and the rainfall and runoff model 
is constructed by WMS software and HEC-HMS model according to the optimized topographic 
elevation (DEM) data, land use (cover) data, soil type data, rainfall data, water flow data and 
monitoring site data. The PARAMETERS of HEC-HMS model were optimized by using SCS curve 
method, SCS unit line method and Muskingen method to optimize CN value and catchment lag time. 
Some conclusions and inspirations obtained in this research are as follows: 

(1) According to the RESERVOIR DEM data and water-level - storage capacity curve, the grid data 
below the water surface can be obtained by using the European distance to calculate the grid data, so 
as to simulate the DEM data below the water surface of the reservoir, that is, to simulate the terrain 
conditions below the water surface of the reservoir. 

(2) In the process of establishing hec-HMS rainfall and runoff model for parameter optimization, it 
can be known that: Parameter optimization is closely related to dimensionless parameters when we 
have little known information, and unknown quantities can be expressed by dimensionless parameters. 
In this study, it is difficult to optimize parameters into ideal data when CN value, watershed retention 
time and initial loss value are only considered. When adding dimensionless parameters such as 
attenuation peak ratio column and decay coefficient, it is easier to adjust the parameters we need. 

(3) Due to the lack of rainfall stations in many places and the difficulty to meet the monitoring 
conditions in some remote areas, we should pay more attention to the accuracy of hydrological data 
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in building the model while constantly inputting and optimizing parameters, so as to achieve more 
understanding. 

(4) In the case of lack of information, separate events can be regarded as a system, from systematic 
to detailed after systematic understanding, although not completely consistent with the actual, but can 
be used as a reference. 

5.2 Looking 

(1) Due to the lack of measured data of underwater topographic elevation of the reservoir, only a 
simple hydrological model can be used to indirectly verify the rationality. If sonar detection and other 
technologies are used in future studies, topographic data of accurate points below the reservoir surface 
can be obtained, and the accuracy of the model can be more accurately verified. 

(2) There are inevitably bumps in the reservoir topography, such as parts that are not exposed to the 
water or are level with the water and are exposed to the water (similar to small islands), which are 
not considered in this method, which will also reduce the accuracy of the terrain simulation below 
the water level of the reservoir. 

(3) This paper takes Niutoushan Reservoir as the main research object, which involves a relatively 
narrow field. In the establishment of HEC-HMS rainfall-runoff model, the study area should be 
enlarged as much as possible to increase the known measured data of the study area, so as to verify 
the accuracy of the model. 

(4) While building the model, we should pay more attention to the collection and sorting of 
hydrological data, and record more accurate hydrological data as much as possible, so as to better 
improve the accuracy of the model in the system. 
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